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I. INTRODUCTION

Blowing pressures in wind Instruments. which range between to and 120 cm H20 In reed woodwinds. have been a
matter at Interest in ditlorent fields such as respiratory physiology and pathology. occtnrational health, music
acoustics. sound synthesis based on physical models and musical playing practice (Bouhuye [11. [2]: Navratil and

Reisek [3]: Woman [4]; Pawtovsld and Zoltowski [5). [6]: Bak and Doemler [7]; Fule [B]; Cassette [9]).

In music acoustics. pressure data are required ior comprehension oi how the system consisting oi

player/litehumertt converts aerodynamic energy Into sound. The complex relationship between input parameters
(mouth pressure. air flow. and the embouchure. is. the constellation ot torces and positions in the lip and mouth

reglom) and the resulting sound properties (pitch variations. loudness and sound quality) represent a challenging

issue In the physics oi Instruments. In musical practice and education. objective Iects regarding playing are
valuable tor the music teacherrperiormer and sometimes also tor the composer. as such information may have

Important consequences in playing techniques. However. the data available on blowing pressures in wind

Inetmments are scarce. particularty with respect to dependence on pitch and dynamic levels and confined to

sustained tones. lacking a musical context. The purpose oi the present investigation was to measure blowing

pressures In wind Instnrment players at tour ditierent dynamic levels and at pitches covering the nonnal range ol

the Instruments. Initially focusing on tour reed instruments, clarinet, alto saxophone. oboe and bassoon.

2. MATERIAL MD METHOD

Mouth pressure was captured by means oi a thin pressure transducer (Gaeitec 75b). Inserted in the players mouth
comer. connected to an amplifier and one track ol a multichannel TEAC (RD-200T) PCM DATA recorder, in which
the audio signals were also recorded. The experimental protocol consisted oi the Iolicwing tasks:

i) Sustained tones (Table I) in a series at ascending I'rithe. played iour times at each oi Iour diiierent dynamic
levels: torts. i. pien‘sslmo. pp. rnezzoplano. mp. and mezzniorte. mi. duration oi about 2 seconds each. This task
was pertoimed 3 times. These data will be relened to as f.. mi. . mp- and pp. .
ii) The same sequence oi pitches as In the previous item. In ascending and descending order. played crescendo-
dimlnuendo Irom pp to In! to pp. Each tone had a duration of 3 seconds, approximately. This series was played
three times. Thereiore. three pressures were measured tor each tone. at the onset. at peak and at the termination
These pressures will be relened to as b. . be and a.
iii) Ascending and descending alpeggl (see table l). tones oi la duration. approximately. covering the typical pitch

range at the Instrument. These arpeggl were played legato at Iour dynamic levels (iortissima. If. pianissimo. pp,

menopr'eno, mp. and memforte. mo. Each level was played Iour times in succession. Hanceiorlh. the data Irom

ihislaskwiilbereierredtoaa "MP9- - wand ml.

One oi the pitches played in these tasks m common (merited with bold characters in Table 1). As can be seen in

the table. this lens was located in the middle range oi the instrument. For all taslu. subjects were instructed to play

as unilorrnly as possible with respeta to tempo. sound quality and loudness. In task 3. the players were instructed

that i! and pp reierred to the maximum and minimum possible loudness that could be produced. keeping

acceptable tone quality. The intermediate dynamic levels (mi and mp), were leit to the musician to decide. They

were also asked to avoid vibrato. as it might be associated with a modulation oi the blowing pressure. Players were
aware only oi'the [act that the experiment was related to blowing pressures and that it would take Ircm 40 lo 50

minutes. No other iniorrnation was given until the entire recording protocol was completed. The subjects. two

oboists. two bassconisls. two clarinettiste and two saxophonists. were all proiessionals. and represented the

western classical music tradition. All subjects had at least 15 years at experience at playing in symphony
orchestras. Only one ol them was Iemale (clarinettist Cit). Tire age range was 32 to 54 years. The musicians
played on their own instruments and moulhpiscaslreeds. that they used as their everyday working tools.  Proc.l.0.A. Vol 19 Part 5 (1997) 273
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3. RESULTS

For each Instrument. men pressures (In cm H20 ) lor sustelned tones and for crescando—d’rminuende laslcs are

presented In Table 2. lor both subjects in each Instmrnenl. These data show the pressures used under quasi-

nerrlrel conditions. The pressures observed In the arpegglo task are displayed In graphs where the abscissa

represents the lane's position In lhe musical score.

Table 2. Mouth pressures [an H10] forsusfalned (pp. mp. m1. 1.) and aescendo—dimlrruendo lanes (b. (9ng
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3.1 Clarinet (Figure 1, a and b)

In general. the data are quite systematic and reasonably similar lur bolh players. Also, the b. pressures (Table 2)

observed at the start ol the cmndo-dimlnuendo tones were very similar to the pp. values irorn the sustained

lanes. The A. pressures at the peak of the crescendalones are generally close to lhe W. or i. slightly lower than the
A, at the onset. The pressures range lrurn 20 to 55 cm H20, and player on tended lo use slightly lower pressures
than player crz. The loudness increases between the dynamic levels pp. mp and m! correspond Io pressure

increments. For player Cll. may range irom 3 t_e 9 cm H20 ior l’ne pp. mp. and mflevels, while lor the I! level it was

up to 15 cm H20 Player Cl2 used more even steps. ranging irern a to 9 an H20.
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The blowing pressures measured in the sustained tones agree reasonath well with those observed In the
ascending antenna. the maximum discrepancy being up to' 31) an H20 in pp . mp and mi. In fllarger dflterenoes
were observed. Also. both subjects played sustained tones with pressures quite similar to those they used tor the
neighbouring tones In the atpegglo tasks. There was a quite close agreement between the lowest pressures used
Ior 64. the common pitch to all three tests. Thus. the pp pressure used In the arpegglo (pm) was quite similar to the
be in the crescendo-diman tones and also to the p. in the sustained tones.

     

   
Figure i an Arpeggia lad . player CII Figure l b.. Arnggr'a lurk , player C12

Another striidng characteristic is the Iact that the pressure curves in Figure 1 erd’tibit a maximum at Eb. Ior eli
dynamic levels at the arpegglo. This probeny due to the last that ovorblowing starts at the point along the pitch
scale. Thus. the fingering Ior Bo. ls identical to that tor the lowest pitch Eba, except lor the opening at the register
key. which producesthe overhlowing ellect.

3.2 Saxophone (Figure 2, a and b)

The low standard deviations Iound in the arpeggio task indicate a good intro-subject consistency. For player Stu.
the pressure ranged Irorn 15 to an em H20. approximately. The highest pressure used lay player 5:2 was 55 em
H20. In general. both players used similar pressures at low dynamic levels.

Both players increased pressures Mien they shiIted to a louder dynamic level, except tor the lowest pitch. Fa. The
pressures Ier Sxt‘s sustained tones do not agree well with those observed in the arpeggio task. However. listening
to the recordings and inspecting the SPL values revealed that the sustained tones were played louder than the
arpeggr'o tones. The pressures used lor mrs. sustained tones (Table 2), agreed closely with the D. values Ier all
tested tones as played by player Ste. Pressure steps between sustained tones played at adjacent dynamic levels
are also very regular, ranging apprordmately ham 4 to 6 cm H20. Player SKI tended to use higher pressures in all
tests. '

For both players the blowing pressures seem to increase with pitch in the lowest octave, reaching a peak in the
region between Eh; and Ga, and decreasing wilh pitch above this pitch region. It may be relevant that in the alto
saxophone overblowing stem in this pitch range. viz. at F..
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Figure 2 a“ Alpeggia ml: . playeerl Figure 2 tr" Alpeggin rink , player 512

3.3 Oboe (Figure 3.e and b)

The mo players” pressures ranged lrorn 35 to 95 cm H20 and tram 41 to 124 cm H20. respectively. Pressures

increase not duty with loudness but also with pitch. Player ouz used a wider range and also tended to use

considerably higher pressures than player Get.

In both subjects. the values used lor the sustained tones agree quite well with those observed both In the

cmscendo-diminuende and erpeggiatesls (Table 2). For both players, the onset pressures. I». in the crescendo-

dirru'rruando task were very close to the pp. values in the sustained tones. Also. the [a pressures in the crescendo

tones were generally close to the ml. values while the lamination pressures in were mostly somewhat lower than

the b... There was a quite close agreement between the lowest pressures used tor D_g, the pitch common to all three

tasks, but the pressure steps between dynamic levels were usually smaller In the arpeggie task than in the

sustained tones.

In the arpeggio task. the pressures used for pp and mp were rather similar, especially tor the live lowest tones.

Figure 3. This suggests that at low dynamic levels, the loudness control ts mainly realized with other factors than

pressure. such asthe erhbouchure. In both subjects. the pressures used to! pp at the lowest pitches are elightty

higher than the ones used lor mp. The lowest tones ol the oboe are panicularly ditticult to start. As opposed to the

clarinet and the saxophone, the changing at register and the presence at the overblewing eflecl did not correspond

to peels in the pressure curves.

 

M
m
m
m

  

  
Figure 3 2.. Amrpgin lurk , pluyrrllbl Figure .1 h.. Arprrguiu lurk . play” 0er
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3.4 Bassoon (Figure 4, a and b)
For players ant and Bn2. the pressure ranged irom 12 to 90 cm H20 and horn is to 52 cm H20. respectively. The
variability ol both players' pressures was small in pp—nw-mf although player Bn2 showed increased variability in the
In! production at sustained tones. Still. all takes irom both players sounded musically quite acceptable. Pressure

increased continuously with both loudness and pitch. The pressure steps between adjacent dynamic levels strowed
some variation In the sustained tones (fable 2). In the arpegglo. pressures tor pp and mp were rather similar
throughout the pitch range. while slightly higher pressures were sometimes used tor pp than tor mp. For both .

ptayers‘ sustained tones and cmscendodiminuendo tasks. the b. pressures observed at the start at the crescendo-
dr'mlnuendo tones were very similar to the pp. values tor the sustained tones In a similar way. the ob pressures at
the peak oi the crescendo tones were generally close to the ml. or 1. values oi the sustained tones. The termination
pressures ta oi the crescando—diminuendo tones were generally lower than the b, at the onset. and the dilierence
between A, and it clearly Increased with pitch.

At dynamic levels above pp both subiects played sustained tones with pressures systematically higher than those
used tor neighbouring tones in the arpeggio. Similarly. pressures used by both subjects tor D:. the pitch common to
all three tasks. (littered between the musical arpeggio context and the musicain more neutral sustained tone

context. On the other hand._the pp pressures in the arpegglo (ppa) were quite similar to the h. in the close-endow

diminuando tones and also to the p. in the sustained tones.
As with the oboe, no peculiar characteristic was round relative to the overblowlng phenomenon.

   

Figure 4 a.. Ameggr'o tart . playranl Figure 4 b.. Arpeggia task , player EnZ

4. DISCUSSlON

The present investigation ccnoemed the blowing pressures. These pressures obviously represent a limited aspect

oi the overall blowing mechanism. The airflow through the read and the embouchure conditions are other important
tutors, which we plan to examine in iuture investigations.

The blowing pressures are important to the understanding oi the player's work and the instmment behaviour. The

airtlow is a iunction oi the blowing pressure and the resistance altered by the vibrating reed and by the acoustic

properties at the air column. The road system. in turn. is characterized by the geometry and physical properties at
the read, the mouthpiece design and the embouchura.

The data only partly agree with the previously reported results mentioned in the introduction. Interestingly. the

systematic dependence on pitch and dynamic level lound tor the oboe and the bassoon is quite similar to that
previously lound in singers (Leanderson A at [10]). although the pressures used in these woodwind instruments are

much higher.

We tested only two players Ior each instrument. Mostly both players‘ pressure data exhibrtad similar pitch and
loudness dependences, but in some cases. noticeably in the oboe and the bassoon, one player tended to
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consistently use higher pressures than the other. These interlndivldual dilierenoee may be due to dillerent reed
properties and/or ditterent blowing techniques and personal preferences.

Clarinets on the one hand and the double reeds oboe and bassoon on the other, showed clearty contrasting
leatures as illustrated particularly by the arpeggio curves. in the double reed Instruments, pressure tends to be
increased continuously with pitch. In the clarinet. pressure tended to decrease with pitch but peaked at the lowest
point ol overblowlng. These pressure characteristics would be due to the acoustical properties at the Instruments.
that respond ditlerentty depending on their input impedance curves and the reed-instrument Interaction
Interestingty. the pressure curvesin the lowest octave oi the saxophone showed a pattern similar to that ol the
dottle reed Instruments. However. at higher pitches, where the tones are produced by overblowlng. the curves
were more similar to those ol e clarinet. l'he saxophone has a conical bore like oboe and bassoon whilst the reed
and mouthpiece are similarto those of the clarinet.

In ttto arpeggi. the pressure curves dittered between the ascending and descending parts. Generally. higher
pressures were usedtor the ascending part, particularly at the highest dynamic levels. Probably the reason Ior this
was musical: the players tended to make a crescendo during the mending part and e dlmlnuendo during the
descending part.

5. CONCLUSION

Our data revealed characteristic dependence: oi the pressure on pitch and on dynamic level In clarinet saxophone.
oboe end baason. For each ol those lnstnrments. these dependencies seemed consistent within as well as between
players. although some players tended to use higher pressures than others. In the double reed Instruments. oboe
end bassoon, pressure tends to be Increased continuously with pitch. In the clarinet. pressure turded to decrease
with pitch. but overhlowing was produced with higher pressures than the correwondlng lower tones. The pressure
curves in the lowest octave ol the saxophone showed a pattern similar to that ol the double reed Instruments.
However, at higher pitches. where the tones are produced by everblowlng. the curves were more similar to those ol
3 Clarinet
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