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1. INTRODUCTION

Blowing pressures in wind instruments, which range between 10 and 120 ecm HzO in reed woodwinds, have been a
matter of interest in ditterent fialds such as respiratory physiclogy and pathology, occupational health, music
acoustics, sound synthests based on physicat models and musical playing practice (Bouhuys [1], [2]: Navratil and
Rejsek [3]; Worman [4]; Pawlovsli and Zoltowski [S), [6); Bak and Doemier [7]; Fuks [8]; Cossstie [9]}.

In music acoustics, pressure data are required for comprshension of how the system consisting of
playerfinstrument converts aercdynamic energy into sound. The complex relationship between inpul parameters
{mouth prassure, air flow, and the embouchure, i.e. the constellation of forces and positions in the lip and mouth
reglons) and the resulting sound preperties {pitch variations, loudness and sound quality) represent a challenging
issue in the physics of instruments. In musical practice and education, objective facts regarding playing are
valuable for the music teacherperformer and somatimes also for the composer, as such information may have
important consequences in playing lechniques. However, the data eveilable on blowing pressures in wind
ingtruments are scarce, particularly with respect to dependence on pitch and dynamic levels and confined to
sustained tones, lacking a musical context. The purpose of the present Investigation was to measure blowing
pressures in wind instrument players at four differant dynamic levels and at pitches covering the normal range ol
the Instruments, intially focusing on four reed instruments, clarinet, afto saxophone, oboe and bassaoon,

2. MATEFIAL AND METHOD

Mouth pressure was captured by means of a thin pressure transducer (Gaeltec 7Sb}, inserted m the player's mouth
comer, connected to an amplifier and one track of @ multichanne! TEAG (RD-200T} PCM DATA recorder, in which
the audio signals were also recorded. The experimental protocol consisted of the following tasks:

i) Sustained tonea (Table 1) in a serles of ascending fifths, playad four times at each of four different dynamic
lovels: forts, f, pianissimo, pp, mexzopiano, mp, and mazzoforte, mf, duration of about 2 seconds each. This task
was parformed 3 times. These data will be relemed to as &, mh , mpy and pp, .

ii) The same sequance of pitches as in the previous item, in ascending and descending order, played crescendo-
diminuendo from pp to mf to pp. Each lone had a duration of 3 seconds, approximately. This series was played
threa times. Therefore, thres prassuras were measured for each tone, at the onset, al peak and at the termination.
These pressures will be referred 10 as by , by and b ’

i) Ascending and descending apsgg’ (see table 1), tones of 1s duration, approximately, covering the typical pitch
range of the instrument. These arpaggl were played fegate al lour dynamic levels (fortissimo, H. pianissimo, pp,
mezzopiano, mp, and mezzoforte, mf). Each leve! was played four times in succession. Henceforth, the data from
this lask will be referred to as Ha, pPa . MPs and Mi,.

One of the pitches played in these tasks was common (marked with bold characters in Table 1). As can be seen in
Ihe table, this tone was located in the middle range of the instrumant. For all tasks, subjects were instructad to play
as unilormly as possible with respect 1o tempo, sound quality and loudness. In task 3, the players were instructed
thal # and pp referred to the maxdimum and minimum possible loudness that could be produced, keeping
acceptable tone quality. The Intermediate dynamic levels {mf and mp), were left to the musician to decide. They
ware also asked to avoid vibrato, as it might be associated with a modulation of the blowing pressure. Players weare
aware only of the fact that the experiment was related to blowing pressures and that it would take from 40 to 50
minutes. No other Information was given until the entire recording prolocol was completed. The subjects, two
oboists, two bassoonisls, two clannettists and two saxophonists, were all professionals, and represented the
weslem classical music tradition. All subjects had at least 15 years of experience of playing in symphony
orchestras. Only one ol them was female (clarinattist Cl1). The age ranga was 32 to 54 years. The musicians
played on their own inslruments and mouthpieces/reeds, that they used as their everyday working lools.
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Table 1. Tones used for the various tasks for the diffarent instruments, Bold characters represent piichas
commen o ali three procedures. The note names refer to actual pitchas, rather than transposed notation.

- Ad= 442 Hz
Instrument Serles of Fifths Arpaggio

-aska182 -tgsk 3
Bb Clarinet Fy Co Qs Ds As Es Ebs Gy Bby Eby Gy Bby Eby Gy Bbs Ebs
AltoSax (Eb) FiCu G Ds As Ebs G Bbs Ebs G4 Bhy Ebs Gs
Qboe Ca Ga D5 As Es Bbs D4 Fa Bbe Dy Fp
Bassoon C; Gz Dy Ay Ed By Bbi D2 Fz Bby Dy Fy Bbs D6s Fa Bbu

3. RESULTS

Faor each instrument, mean pressuras {in cm HzO ) for sustained tones and for crescendo-diminuendo tasks are
presanted in Table 2, for both subjects in each instrument. These data show the pressures used under quasi-
neutral conditions. The pressures obsarved in the arpeggio task are displayed In graphs whare the abscissa
represents the fone's pesition in the musical score.

Table 2. Mouih pressuras [cm HeO] for sustained (pp,. mps, mf,, L} and crescendo-diminuendo fones (be boby

Sublect 1 In each instrument Subject 2
tnstrument | tone | ppyt [mpyt]mfet | fo1 | bet | byl | byd m mi2 ]| f2 | Dp2 |

carinet | F3 |26 | 34 |39 | 49 |24 |46 |22] 32 | 24 | 30 | 44 | 26 | 48 | 26
) C4| 2433|390 |49 |23 |48 ]21]| 27|33 |38 |45 |25 |501}23
G4 | 24|31 | 37|47 |21 |46 21| 23 | 29 | 35 |42 |23 | 48 | 23

D5| 25|32 {41 |58 |23fs2{21]| 28| 34| 41| 49| 26| 54 | 24

As |22 |25 |29 || 23| |21 26|32 |35 |41 |25 41|24

€6 |21 )24 (32 (46|29 | 30 |26] 23| 26|31 |36 | 25| 44 | 24

glosax | Fa |24 |20 |27 |30 |20 | 30 |1@a]| 22| 214 |21 | 25| 19 | 23 | 14
{Sx) ca|16j18j26 |43 |17 35 |14|16]| B 2026|1420 M
Gaf19 |27 |miBz|19)152]|17|24| 28|31 |36|18]32]14

Ds| 8|25 |35 | 70| 8|4 |15 21| 25|29 ]38 18] 31|13

As 1|22 |34 | a5 17| a7 |15 23|27 | 26| 36|17 | 31| 14

oboe C4 |36 |39 | 44 |48 | 38 | 44 |38 ]| 41 | S0 | 57 | 57 | 42 | 48 | 42
(Ob) G4 | 38 |43 | 50 |60 |37 | 54|41 |44 | 47|67 (668)|43] 61| 42
D5 | 43 | 47 | 59 | 67 [ 43 | 656 |40 | 43 | 54 | 71 | 84 | 44 | 65 | 42

A5 | a7 | 50| 75 | 90 | 43 | 72 |41 | 59 | 64 | 90 (117 | 47 | 83 | 44

E6 |54 | 64| 79 | 95 | 52 | 77 | 50| 54 | 60 {102 | 126 | 53 | 80 | 52

bassoon | C2 |13 | 18| 23 27 |12 |26 |15 15| 19 | 22 | 24 | 14 | 20 | 14
(Bn) G2 | 1512013 |43 | 16|39 |15] 16| 18| 24 | 30|16 ] 25| 15
D3 {17 |26 |36 |48 | B | 40 16|17 1 21 | 29| 3 |17 |29 | 16

A3 |21 |36} 50| 64| 20|59 (48|17 24]|30)| 37| 19|32 17

E4 |27 | 43| 5985|3077 l21| 20|30 |37 |47 | 24| 43|19

B4 |37 | 58 | 80 Joo]3s |65 123|261 31 |40 ) 51 0128]) 47|20

3.1 Clarinet (Figura 1, a and b)

In general, the data are quile systematic and reasonably similar for both players. Also, the b pressures (Table 2)
obsarved at the stant of the crescendo-diminuende tones were very similar to the ppy values from the sustained
lones. The by pressures at the peak of the crescendo tones ase generally closa to the mi or 1 slightly lower than the
b, at the onsel. The pressuras range from 20 to 55 cm H20, and playar Cl1 tended to use slightly lower pressures
than player Ci2, The loudness increases between the dynamic levels pp, mp and mf correspond lo pressure
increments, For player Cl1, they range from 3 to @ cm Hz0 lor the pp, mp, and mflevels, while for the #f level it was
up ta 15 ¢m H20. Player CI2 used more even steps, ranging fram 3 to 8 cm Hz0.
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The blowing pressuras measured in the sustained tones agrea reasonably well with those observed in the
ascending arpeggio, the maximum discrepancy being up to 3.0 em H:0O in pp, mp and mf. In  larger differences
ware observed. Also, both subjects played sustained tones with pressures quite similar 1o those thay used for the
naighbouring tones in the arpegglo tasks. There was a quite close agreement between the lowast pressures used
for Ga, the common plich to all three tasks. Thus, the pp pressure used in the arpeggio (ppy) was quite similar to the
by in the crescendo-diminuendo tones and also to the p in he sustained tanes.
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Figure 1 a.. Arpeggio task , player ClI Figure | b.. Arpeggio rask, plaver CI2

Ancther striking characteristic Is the fact thal the pressure curves in Figure 1 exhibit 8 maximum at Bby for all
dynamic levels of the arpeggfo. This probably due to the fact (hat overblowing starts at this point along the pitch
scale. Thus, the fingering for Bb. Is identical to that for the lowest pitch Eba, except lor the opening of the reglster
key, which produces the averblowing effect.

3.2 Saxophone (Figure 2, a and b)

The low standard deviations found in the anpeggio task indicate a good intra-subject consistency. For player Sx1,
the pressure ranged from 15 to 80 cm Hz0, approximately. The highest pressure used by player Sx2 was 55 cm
HzO. In general, both players used similar pressures at low dynamic levels,

Both players increased pressures whan they shifted to a louder dynamic level, except for the lowast pltch, Fa. The
prassures for Sx1's sustained tones do not agres well with those observed in the arpeggic task. Howaver, listaning
to the recordings end inspecting the SPL values revealed that the sustained tones were played louder than the
arpegyio longs. The pressures used lor mis, sustainad tones (Table 2}, agreed closely with the b, values lor all
lested tones as played by player Sx2. Pressura steps between sustained tones played at adjacent dynamic levels
are also very reqular, ranging approximately from 4 to 6 cm HzQ. Player Sx1 lended to use higher pressures In all
tasks. :

Fer both players the blowing pressures seem to increase with pilch in the lowesl octave, reaching a peak in the
region betwean Ebs and Ga, and decreasing with pitch above this pitch region. Il-may be relevant thal in the afto
saxophone overblowing starts in this pitch range, viz. at Fa.
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Figure 2 a.. Arpeggio rask , playerSxi Figure 2 b.. Arpeggio 1ask , player 5x2

3.3 Oboe (Figure 3,a and b}

The two players' pressures ranged from 35 to 85 em HZO and from 41 to 124 cm Hz0, respectively. Prassures
increased not only with loudness but alse with pitch. Player Ob2 used a wider range and also tended to use
considerably highar pressures than player Ob1.

In both subjects, the values used for the sustained tones agree quite well with those obsarved both in the
crescendo-diminuendo and arpeggic tasks (Table 2}, For both players, the onset pressures, b, in the crescendo-
diminuando lask weare very close to the pps values in the sustained tonss. Also, the by, pressures in the crescendo
tones were generally close to the mi, values while the tenmination pressures b were mostly somewhat lower than
the &. Thera was a quite close agreement betwesn the lowest pressures used for Ds, the pitch common to all three
tasks, but the pressure sleps between dynamic levels were usually smaller In the arpeggio task than in the
susiained tones.

In the ampeggio task, the pressures usad for pp and mp ware rather similar, especially for the five lowesl tones,
Figure 3. This suggests that at low dynamic levels, the loudnass control is mainly realized with cther factors than
pressure, such as the embouchura. In both subjects, the pressures used for pp at the lowes! pitches are slightly
higher than the ones used tor mp. The lowest tones of the aboe are particularty difficult to start. As opposed to the
clarinet and the saxophone, the changing of register and tha presence of the overblowing effect did not corraspond
1o peaks in the pressure curves.

-o— 1t . —0—11

110 ™ no M | et
—a—mp | —a—mp
—— R \—a—ee
L [

N

™

mcath presausrs fom HED)

e
Yovs

14

"g o $?F§ o5

Figure A .. Arpeggio ek | player (b2

bp £ p DS

ﬁqm =SS S=2

Fipure 3 a.. Arpeggin dusk . plavertIbi

276 Proc.1.0.A. Vol 19 Part 5 {1997)




Proceedings of the Institute of Acoustics
BLOWING PFIESSUHES IN REED WOODWINDS

3.4 Bassoon (Figure 4, a and b)

For players 8n1 and Bn2, the pressure ranged from 12 to 90 em Hz0 and from 13 to 62 cm Hz0, respectively. The
variability of both players’ pressures was small in pp-mp-mf although player Bn2 showed increased variability in the
mi production of sustained tones. Still, all takes lrom both players sounded musically quite acceptable. Pressure
increased continuousty with both loudness and pifch. The pressure steps between adjacent dynamic levels showed
some variation in the sustained tones (Table 2). in the arpegglo, pressures for pp and mp were rather similar
throughout the pitch range, while slightly higher pressures were sometimes used for pp than for mp. For both .
players' sustained tones and crescendo-diminuendo tasks, the b, pressures observed at the start of the crescendo-
diminusndo lones were very similar to the pp. values for the sustained tones. In a similar way, the b, pressures at
ihe peak of the crescendo tones were generally close 1o the mf; or f values of the sustained tones. The termination
pressures b of the crescendo-diminuvendo tones were generally lower than Lhe b at the onset, and the difference -
between by and b clearly increased wilh pitch.

At dynamic levels abave pp both subjects played sustained tones with pressures systematically higher than those
used for netghbouring tones in the arpaggio. Similarly, pressures used by both subjects for Ds, the pitch common to
all three tasks, .differed between the musical arpeggio contexd and the musically more neutral sustained tone
context. On the other hand, the pp pressures in the apeggio (pps) were quite similar to the by in the crascendo--
diminyerdo tones and also to the py in the sustained tones.

As with the oboe, no peculiar characteristic was found relative to the overblowing phenomenon.
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Figure 4 a.. Arpeggio iask, plaverBnl Figure 4 b.. Arpeggio task , player Bn2

4. DISCUSSION

The present invastigation concemed the blowing pressures. These pressures obviously represent a limited aspect
of the overall blowing mechanism. The airflow through the reed and Ihe embouchure conditions are other important
factors, which we plan to examine in fulure investigations.

Tha blowing pressures are important to the understanding of the player's work and the instrument behaviour. The
airllow is a lunction of tha blowing pressure and the resistance offered by the vibraling reed and by the acoustic
properties of the air column. The reed system, in turn, is characterized by the geometry and physical properties of
the reed, the mouthpisce design and the embduchure.

The data only partly agree with the previously reported results mentioned in the introduction. Interestingly, the
systematic dependance on pitch and dynamic leval found for the oboe and the bassoon is quite similar to that
previously lound in singers {Leanderson & al [10]}. although the pressures used in these woodwind instruments are
much higher.

We lestad only two players lor each instrument. Mostly both players’ pressure data exhibited simifar pitch and
loudness depandences, 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 interindividual differences may be dua to diterert reed
propertles and/or ditferent blowing techniques and personal preferences.

Clarinets on the ona hand and the double resds cboe and bassoon en the other, showed cleanty contrasting
features as illustrated particularly by the arpeggio curves. In the double reed instruments, pressure tends o be
increased continuously with pitch. In the clarinet, pressure tended to decrease with pitch but peaked at the lowest
point ol overblowing. These pressure characteristics would be due to the acoustical properiies of the instruments,
that respond differently depending on their inpul impedance curves and the reed-instrument interaction.
Interastingly, the pressure curves in the lowest octave of the eaxophone showed a pattern similar to that of the
double reed instruments. However, at higher pitches, where the tones are produced by overblowing, the curves
ware more gimilar to those of a clarinet. The saxophone has a conical bore llke oboa and bassoon whilst the reed
and mouthpiece are similar to those of the clarinet.

In the arpegyi. the pressure curves ditfered between the ascending and descending parts. Generally, higher
prassures ware used lor the ascending part, particularly at the highest dynamic levels. Probably the reason for this
was musicak the players tended to make a crescendo during the ascending part and a dimituendo during the
descending part.

5. CONCLUSION

Our data rovealed characteristic dependances of the pressure on pitch and on dynamic love! in clarinet, saxophone,
oboe and basson. For each of these instruments, these dependencies seemed consistent within as well a5 between
players, although some players tended to use higher pressures than others. In the double reed instruments, oboa
and bassoon, pressure tends 1o be increased continuously with pitch, In the clarinet, pressure tended lo decrease
with pitch, but overblowing was produced with higher pressures than the corrasponding lower tenes. The pressure
curves in the lowest octave of the saxophone showed a pattern similar to that of the double reed Instruments.
Howaever, al higher pitches, where tha tones are produced by overblowing, the curves were more similar to those of
a clarinet
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