MORE AIR, LESS AIR, WHAT IS AIR?

BY JONATHAN KRUGER, JAMES MCLEAN, AND MARK KRUGER

laying a brass instrument involves the engagement of

several physiological systems while striving to

respond to multiple layers of musical goals. Perhaps
this is why discussions on brass pedagogy have failed to pro-
duce a consensus. Perspectives on how best to reach these
musical goals or to teach someone else to achieve them most
likely reflect differences in personal experience, individual dif-
ferences in awareness of airflow or muscular tension, or the
extent to which their instructors have focused attention on var-
ious aspects of their individual performance goals. Students
who achieve success do so frequently via perseverance, rather
then efficient teaching strategies. The strategies brass players
employ to control the physiological systems that are required to
enable or improve performance have yet to be satisfactorily
identified and their effects have not been measured during
musical performances and across the
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intra-oral air pressure they could generate. They found that
increasing intra-oral air pressure while playing a single pitch
increased loudness (dB), thus altering the extent to which the
instrument’s bell radiated energy. This increase in energy radi-
ating from the bell was accompanied by more brightness in the
sound measurable by the increased amplitude in higher har-
monics found in the sound spectrum. Further, they found that
each given pitch required a minimum level of intra-oral air
pressure to initiate the note (minimum onset pressure) and had
a maximum air pressure level beyond which the pitch could
not be maintained.

Of all of the studies that have been done on brass perform-
ance, none has been more significant for brass players than the
observations made by Arnold Jacobs, the former principal
tubist with the Chicago Symphony Orchestra. Due to his rep-
utation as an excellent performer,

brass family. So, the questions that
need to be entertained are whether
or not there are indeed multiple
strategies to success, how that suc-
cess is ultimately measured, and
what, if any, are the common de-
nominators and/or significant differ-
ences among the successful strategies.

“The strategies brass players employ
to control the physiological sys-
tems that are required to enable or
improve performance have yet to
be satisfactorily identified...”

fellow brass players took Jacobs’s
statements more seriously than
those that were delivered by the sci-
entific community. Jacobs was able
to utilize his findings to help gener-
ate and support a methodology that
later became known as “Song &
Wind” (Fredericksen, 1996). A

These questions cannot be answered
until the physical constraints of each brass instrument have
been measured. Before one can discuss whether managing
embouchure pressure or the sensation of airflow, etc. alters per-
formance, we must understand what the requirements for air
support and embouchure tension are as a function of instru-
ment, pitch, loudness, and timbre.

Resistance to airflow in the embouchure resonated by a brass
instrument produces the sound we recognize as the brass
sound. Defining the role of air during brass performance
requires describing how changes in air support {measured as air
pressure in the mouth, behind the embouchure, hereafter
referred to as intra-oral pressure) and airflow through the
instrument vary as a function of pitch and loudness. Measures
of intra-oral pressure and airflow can be used to draw infer-
ences about the resistance of the embouchure to air and the rel-
ative size of area of the embouchure that allows air to flow.

Several studies have measured airflow and intra-oral pressure
during trumpet performance. Bouhuys measured airflow and
changes in lung volume during performance on the bugle,
trombone, flute, clarinet, oboe, and recorder. Bouhuys reports
that airflow is stable at a given pitch and loudness, that intra-
oral air pressure requirements increase with pitch while airflow
decreases with ascending pitch. He also notes differences in the
required intra-oral air pressure needed to produce tones as a
function of the instrument. Fletcher and Tarnopolsky (1999)
studied the intra-oral air pressure generated by three experi-
enced trumpet players, one who played professionally. They
observed that individual performers varied in the amount of
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summary of this method asks brass
players to focus their cognitive energies on the steady and rela-
tively unforced release of the air coupled with due attention on
the music being made. If this summary appears to be an over-
simplification, it is certainly not meant to be. Nothing about
brass playing can truly be explained in single sentence, much
less the brilliant lifetime observations of an incredible musician
such as Arnold Jacobs. It does, however, enable us to place
Arnold Jacobs’s methodology into a camp of brass pedagogy
that, for lack of a better description, is more air-centered rather
than embouchure oriented. Jacobs believed thar focusing on
Song and Wind would more naturally pull the other systems,
such as embouchure, support, etc., into balance without focus-
ing on them specifically with the aid of the conscious mind.
What actually were the results of Jacobs’s experiments? Jacobs
conducted research in 1959 and 1960 with the assistance of
Benjamin Burrows who was then at the University of Chicago's
Billings Hospital (Fredericksen, 1996, p. 120). The results of
this research were never published. Only anecdotal comments
made by Jacobs in subsequent interviews and masterclasses
remain. In short, Jacobs claimed that intra-oral air pressure
increases as players ascend in pitch and thar airflow in the horn
consequently decreases. Jacobs went further to claim that intra-
oral pressure and airflow were consistent at a given enharmon-
ic pitch and dB level, regardless of the instrument being played.
According to Jacobs, a tuba player and a trumpet player create
the same amounts of intra-oral pressure and airflow in their
respective instruments when performing the same enharmonic
pitch. Jacobs’s equipment recorded maximum levels of intra-
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oral pressure and airflow during the production of any one tone.
The first goal of our study is to replicate Jacobs’s unpublished

point out in this figure. First, the airflow level is in inverse rela-
tionship to the intra-oral air pressure. The highest note, Dy,

rescarch and extend it by also measuring

produces the lowest airflow but requires

changes dynamically rather than recording ”/\hy given pi'[Ch on a brass che highest intra-oral pressure. The

only peak measurements. This will pro-
vide a more consistent and common lan-

instrument has to generate a

opposite is true for the lowest pitch, D2,
while the intermediate pitch, D3, falls in

guage to work with when discussing the  minimum amount of intra- between. The finding that there is an

role of air in playing a brass inscrument. It

increase in intra-oral air pressure (if the

will also help to clarify the differences of oral air pressure before a spe level is also maintained) and a con-

perception that brass performers experi-  tone is commenced.”

ence not only on an individual basis but

sequent decrease in airflow through the

across the family of brass instruments as well.

Eleven musicians (three on trumpet, two on horn, four on
trombone, and two on tuba) performed musical exercises using
the same pitches (within instrument range), selected to allow
comparison of air support systems as a function of pitch, loud-
ness, and articulation. Airflow in the horn was measured in
liters per second (Ips) by using an airflow sensor (pr1L-1) and

horn as register increases was found
across cach of the instruments we studied. Perhaps of more
interest is the onset pressure for the three notes. Observe that,
although all three of the graphs start rising at the same time,
the airflow and especially the pressure reach stable values
slightly before the spr. That is, pressure and resulting airflow
are established approximately five one hundreds of a second
before the performer releases the note.

amplifier (ms-172) produced by Glottal Enterprises.

The sensor was attached to the end of the bell of 0.4

each instrument. Intra-oral air pressure was meas-

ured using a fine (external diameter < 1.6 mm) % 03

Tygon microbore surgical plastic tube artached to < 02

gas pressure sensor produced by Vernier Software 2,

& Technology (crs-B1a). Sound was recorded z ,_/j—’/
using a microphone placed approximately one 0

meter from the bell of each performer’s instrument. 01 !

Airflow, intra-oral pressure, and sound were sam- 03 L0

pled at 11,000 Hz using LABVIEW (National Instru- Time
ments) software and Coulbourn’s Lablinc V hard- -

ware. In addition to measuring intra-oral air pres- = =

sure, airflow in the instrument and decibel level I

(from here on labeled as sound pressure level or = o~

spL), a variety of other measurements were also g . / ~

taken including mouthpiece force on the lips, mus- & Jrf \

cular tension in various parts of the body, video 0-# S

analysis, etc. For the purposes of this article, how- .
ever, only the data directly related to the role of air
in brass playing will be discussed.

Time

Perhaps the most discussed of the three measure-

ments is the role that intra-oral air pressure plays in

playing a brass instrument. Intra-oral air pressure

increases with both spr and pitch, but by how
much? For example, what is the difference between

the intra-oral air pressure generated by a tuba and

o -0.5

Oral Pressure (kPa/psi)
[a2]

a trumpet player? Any given pitch on a brass
instrument has to generate a minimum amount of 0.3
intra-oral air pressure before a tone is commenced.

—
z——J‘ , ! ,:o —

1.0 2.0 3.0
Time

This minimum amount is referred to as the onset
pressure (Fletcher & Tarnopolsky, p. 875). Figure
1 displays the airflow level, the sri, and the onset
pressure for three notes D2, D3, & Dy played on the trom-
bone up to roughly the same dynamic marking. The horizon-
tal axis covers three seconds with onset and crescendo. The
first of the three graphs displays airflow on the left axis
(liters/sec). The second graph, stacked immediately below
the first one, displays the spr. The third and bottom graph
displays intra-oral air pressure (measured in kPa on the left of
the graph and psi on the right). Each intra-oral air pressure
reported here is the additional pressure above the ambient
atmospheric pressure.' There arc several things of interest to
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Figure 1: Airflow, SPL & intra-oral air pressure on three octaves of D

on the trombaone during a crescendo.

In Figure 2 we also sce realizations of airflow, spL, and intra-
oral air pressure. This time, however, they are as a result of an
ascending arpeggio. The first set of three graphs on the left dis-
plays a performance by a professional crombone player. Notice
the smoothness and predictability in the ascent of the intra-oral
air pressure graph (the bottom of the three graphs). Each note is
momentarily prepared and after the release, there is a boost of
intra-oral air pressure to bring the note to the desired spr. .*

Now contrast the results of the professional player with the
graph on the right displaying a student’s performance of the
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Figure 2: Airflow, SPL & intra-oral pressure on an ascending arpeggio on the frombone
by a professional {left panel) and a student {right panel).

same ascending arpeggio. As can be expected the student had

far more difficulty controlling intra-oral air pressure, the air-
flow and, as a result, the spL as well. Most clearly deficient,
however, was the preparation of the onset pressure.

The results of this scudy also revealed that there is a fairly
large range of intra-oral air pressure for any single note. As pre-
Viously mentioned there is a2 minimum onset intra-oral air
pressure required to reach any given pitch at its minimum SPL.
There is also a maximum intra-oral air pressure before the
pitch “pops” to the next overtone in the series. This range

determines the accessible spis. In addi-
tion, the range of pressure increases in
the higher register. Therefore it be-
comes necessary to analyze the data
gathered at various spLs. In short, it’s
possible to play several different con-
secutive notes (for instance, within any
given overtone series) utilizing the
exact same intra-oral air pressure, but
different sprs. Figure 3 shows how
changes in intra-oral air pressure are
connected to airflow for various pitches
and spis. In Figure 3 the notes in the
ascending arpeggio performed by the
professional trombonist in Figure 2 are
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displayed vertically. The graph shows
linear fits to the directly obtained data,
illustrating the trends without the
obscuring factor of momentary varia-
tions. Each pitch branches out from
the left axis on the graph. The height at
which each pitch begins is the mini-
mum onset intra-oral air pressure nec-
essary to begin the note. As cach pitch
continues, the graph lines move up-
ward to the right indicating an increase
in spL. The lower pitches progress far-
ther to the right of the graph, indicat-
ing a greater increase of aitflow in the
horn compared to higher pitches.
Higher pitches require greater increase
in pressure, but smaller increases of air-
flow. Following a horizontal line across
the length of the graph illustrates chat
cach intra-oral pressure intersects sev-
eral different pitches at different spL
levels.

For some, this would seem to lend
credence to the argument of those ad-
vocates of techniques thought to con-
trol pitch by manipulating the intra-
oral air pressure: embouchure, position
of the tongue, etc. But this is more in-
dividual perception than a controlling
factor. While individuals may perceive
that their strategies are mostly influ-
encing their ability to control pitch,
what we know is that changes in intra-
oral air pressure are not uniquely asso-
ciated with pitch unless loudness is
held constant.

That being said, the assertion of Jacobs, Bouhuys, Fletcher,

and Tarnopolsky that intra-oral air pressure increased with
pitch was true. But chat does not necessarily mean that the pres-
sure increase causes the higher pitch. It is equally likely that the
pitch rises tor some other reason (e.g., more lip tension) that
then requires a concomitant rise in oral pressure. On the other
side of the debate, pedagogical methods that advocate control-
ling higher and lower intra-oral air pressure to affect changes in
register are usually an incomplete explanation of the role of
intra-oral air pressure.’
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Figure 3: The relation between intra-oral pressure and airflow {in liters/second) for
various pitches (different lines) and SPLs (position along a line, louder to the right].
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So, let’s return to the original study of Arnold Jacobs. Fig-
ure 4 displays the onset intra-oral air pressure readings for the
wide range of pitches (frequencies) generated by tuba, trom-
bone, horn, and trumpet. In Figure 3, the onset pressure is the
oral pressure at zero airflow, which the player must set up
before releasing the nore.

play the 8th partial of an overtone series, as does the trumpet.
This does not mean, however, thar the trumpet and trombone
on a given partial are the same in all respects, of course. Before
we examine the differences, we'll first need to consider the top-
ics of sound pressure level and airflow and how they relate to
intra-oral air pressure.

Sound pressure level (spL) is perhaps the
most overlooked of the three air measurements.
Because the physiological signal from our
brain to our body that generates more or less
spL is also involved, albeit to a lesser degree,
with generating higher and louder pitches,
brass players often employ this signal indis-
criminately.” In other words, it is often the case
that players play more loudly as they ascend
and more softly as they descend. In the course
of the data collection in this study, 100% of the

onset p (psi)

participants increased their decibel level when
asked to perform the first ascending arpeggio.
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It was only afterwards, when asked to maintain
a consistent spL level while ascending chat the
participants used different mechanisms to
ascend in register. When asked to do this, sev-
eral of the participants actually perceived that
they were playing softer as they were ascending
even though they were in fact maintaining the
same spL level®

Figure 4: Onset intra-oral air pressure as it depends on pitch

across the family of brass instruments.

It is immediartely apparent that the intra-oral air pressures
for the four different instruments vary widely at a specific
pitch. For example, the highest pitches on the trombone and
trumpet generate the same intra-oral air pressure, vet their res-
pective pitches are an octave apart from each other! This is in
direct contradiction ro Arnold Jacobs’s claim that intra-oral air
pressure is consistent with enharmonic pitch regardless of
which brass instrument is playing. This begs the question:
where did Jacobs go wrong? One can only conjecture that his
misinterpretation of the readings may have been caused by

The third effect measured was airflow
through the instrument. This data is defined
by a flow rate measured in liters per second (Ips).” In the world
of brass pedagogy the discussion of airflow rate can frequently
be a source of miscommunication. What a brass player per-
ceives as greater air flow is not always directly correlated to an
actual greater volume of air passing through the instrument.
The acr of flowing air through the horn often has a positive
forward moving connotation to the perception apparatus of a
brass player. So, because perceived airflow is not the same as
actual airflow, it is often the case that a brass players or teach-
ers who relate that they are consciously moving more air

only examining the results across the four
instruments in the their collective low to
mid-registers. Indeed there are some pitch-
es, the first note that the trumpert plays, for
example, where the intra-oral air pressure
for all four instruments appears to be
rather similar.*

However, this graph does reveal some
fascinating consistencies that help to truly

“...the effort that is generated
by the body is in direct rela-
tionship to the standing wave
(overtone series) of the horn,
regardless of the instrument.”

through the horn may in fact be
moving a great deal less chan the stu-
dent they are addressing. So how
much air actually does move through
the instrument? This is best dis-
played in the following graph. Here-
in lies one of the most crucial discus-
sions between the different camps of
players’ discussion regarding role of

understand the role of air when playing a brass instrument. If
the results of Arnold Jacobs'’s first study were somewhat prob-
lematic, his initial instinct to create these measurements was
inspired. This graph serves as a sort of Rosetta stone. For
instance, consider the trumpet and trombone curves: they are
nearly identical except for an octave difference in pitch.
Accounting for the instrument sizes, the same onset pressures
are used to sound the same partials of the instrument.’

So what does that mean in brass player laymen terms? It
means that the effort that is generated by the body is in direct
relationship to the standing wave (overtone series) of the horn,
regardless of the instrument.® A trombone player has to gener-
ate approximately the same amount of intra-oral pressure to

© 2012 International Trumpet Guild

intra-oral air pressure and airflow in the different brass instru-
ments and perhaps some insight as well in the beliefs of Arnold
Jacobs.

Figure 5 is a representation of airflow from the same exercise
as displayed in Figure 4. On cach note, the brass player played
a crescendo to fortissimo. Figure 4 records the highest airflow
reached at that maximum dynamic. Relative to Figure 5, how-
ever, the order from top to bottom has now changed with the
horn taking the lowest airflow position and the tuba being
directly above it. Why does the horn have the lowest airflow
and not the tuba? Indeed Jacobs asserts many times that the
flow rate should be greatest in the lower register (and therefore
the tuba as well) and the least when playing in the higher reg-
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tension that is generated in the lips, the
more resistance to the airflow and there-

fore less airflow in the horn. The low C

on a B-flat trumpet is one of the “easiest”

notes to play on the instrument. This
ease essentially arises from the small
amount of physical effort that the body
has to generate to produce it. Com-

bined with a need for a greater spL on

lower pitches, this would account for
Jacobs’s observation that lower pitches

require greater airflow.
- But changing to a different instru-

ment can change the picture entirely. In
the sequence tuba — trombone — trum-
pet, the mouthpiece becomes smaller.

But to produce the same pitch, the

intra-oral pressure must either decrease
or remain roughly the same. As a resuls,

the embouchure tension must decrease,

resulting in a larger airflow. The low air-
flow in the case of the horn may partial-
ly be due to airflow resistance in the
long and narrow tubing itself, along
with the relatively high intra-oral pres-

sure required. In other words, because
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the low C on the B-flat trumpet is a
much closer to its fundamental than the
same enharmonic pitch is on the trom-

Figure 5: Airflow as it depends on pitch across the family of brass instruments
at the same dynamic marking [at the end of a crescendo).

ister (he specifically cites the trumpet as a low flow rate instru-
ment). He then goes further to conjecture that there would be
a continuum of change in flow rate that would fall gradually
through the family of brass instruments (Fredericksen, 1996, p.
120). However, like his theory that intra-oral air pressure is

bone, tuba or horn, it requires much
less physical effort to create it, thus as a
result, the lips are more relaxed. This
relaxation results in more airflow through the lips.

Thact being said, the musical demands of the different instru-
ments can easily lead to a misperception of the airflow required
for successtul performance. The tuba was designed to play in its
low register and more often than not, the music written for it

consistent with enharmonic pitches across
the family of brass instruments, he and his
colleague Burrows didn’t interpret the data
correctly.” On the graph, one can observe
that at any given enharmonic pitch the air-
flow is markedly different on each of the
brass instruments. Observe for example the
set of icons that represent the airflow on the

“Without question the
trumpet has the high-
est flow rate of the
four instruments...”

will involve playing in a register with lower par-
tials above the fundamental. Combined with a
need for a greater spr, this would account for
Jacobs’s perception that the tuba is largely a high
flow rate instrument. Conversely, the trumpet’s
musical demands frequently place it in a register
of higher partials, thus decreasing its airflow

pitch b-flat (low C on the B-flat trumpet).” Without question
the trumpet has the highest flow rate of the four instruments,
followed by the trombone, then the tuba, and horn. If you
compare this same pitch with the graph displaying intra-oral
air pressure (Figure §), the order is the opposite. The trumpet
has the least amount of intra-oral psi and the horn has the
most. Again, this is scemingly in direct opposition to Jacobs’s
statements about the tuba being a high airflow rate instrument
with small intra-oral air pressure (in its typical range) and the
trumpet being a small airflow rate instrument with large intra-
oral air pressure. What is the cause of this resule?

Consider again that intra-oral air pressure is primarily relat-
ed to the partial number above the fundamental of an individ-
ual brass instrument. On a particular instrument, to reach a
higher pitch one creates that pressure by increasing the resist-
ance at the embouchure. It stands to reason then that the more
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through the instrument.

The relationship of intra-oral air pressure to airflow (Fig-
ure 3) for various spLs enables us to generate a formula where
the intra-oral pressure p can be expressed as:

P =p, + RQ

where p, is the onset pressure, Q is the airflow, and R is the dif-
ferential airflow resistance. Both p, and R increase with pitch
and vary between different inscruments. For comparison to
other studies, note that R is the flow resistance, not the
acoustic impedance, because it relates continuous flow ro con-
stant pressure, not vibratory values. Also note that R is a char-
acteristic of the combined instrument and embouchure, not
the instrument alone. As such, its increase with pitch is as
much a result of performance technique as it is of physical rela-
tionships. The “differential” part of term simply indicates that
pressure and flow are not directly proportional.

Using this formula to estimate resistance to internal air pres-
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sure (embouchure tension), a more detailed comparison can be
made not only between the effort required for different instru-
ments within the brass family but also between two like instru-
ments playing the same pitch. It could even be taken further o
compare the same performer playing the same pitch on two dif-
ferent horns, mouthpieces or, in extreme cases, embouchure
settings. This pressure-tension relationship lends credence to
observations by performers and scientific investigations that
tension in the vibrating mass of the embouchure affects the
resultant tone quality, as measured by the peak harmonics in
the sound spectrum (Fletcher, N.H., and A. Tarnopolsky, pp.
875 — 876). In short, given the same amount of intra-oral air
pressure, the more tension introduced to the center of the
embouchure will diminish the peaks of the harmonic spectrum,
thus resulting in a duller, darker, and softer sound quality.”
Frequently, brass instructors give their scudents instructions
on how to achieve greater success by modifying the stream or
column of air. These modifications include such metaphors as
thicker air, faster air, slower air, hissing, raise or lower the
tongue, etc. These modifications of the air stream obviously
have some effect on brass performance or well-meaning educa-
tors would not be using them. The few scientific studies that
have been made of these kinds of modifications have been
largely overlooked—a result of being written in a language too
far removed from practitioners. There were several studies in
the 1950s and 1960s thart used cinefluorographic and videoflu-
orographic techniques to examine the movement of the jaw,
mouthpiece, tongue, and pharynx while several trumpert and
trombone players performed a series of exercises. On the sur-
face, these studies were largely inconclusive as they showed a
wide variety of results. However, with deeper examination
there are some consistencies that come to light. Movement of
jaw, mouthpiece, tongue, and pharynx are indeed most often
connected with an ascent in register. However, this movement
is, for the most part, minimal and takes place most dramatical-
ly as performers approach the limit of their individual upper
register. Also, the movement of the tongue from a lower to a
higher position, more often than not, did not resemble the
same movement that takes place with simply vocalizing the
vowel syllables without the addition of the instrument. Unfor-
tunately all of these studies lacked simultaneous measurements
of intra-oral air pressure and subsequent airflow through the
horn (Frohrip, 1972. pp. 112 ~ 113). The simultancous exam-
ination of any of the air modifiers coupled with measurements
of intra-oral air pressure and subsequent airflow could provide
a more definitive answer as to the cause and effect relationship
between the two. In summary, the general conclusion that can
be gleaned from these previous studies is that, unless taken to
extreme, all of the aforementioned air modifying systems (as
well as many others) have very lictle to no effect on intra-oral
air pressure and subsequent airflow.” This would suggest then
that their purpose is for the most part concerned not with
changing register or spL levels to any significant degree, but
rather they are either employed consciously to manipulate other
adjacent physiological systems; i.e., the embouchure, or their
movement is a direct result of a nearby physiological system
that is being moved and they are inadvertently along for the
ride. Obviously, this discussion bears much greater examina-
tion—more then can be dealt with within the confines of this
article. Because these systems have actually more to do with
altering the shape of adjacent physiological systems rather than
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the air iwself, a more detailed examination of their role will be
discussed in subsequent articles.

Summary

Air is the fundamental carrier of energy from the body that
excites the vibration of a brass instrument. Pedagogical meth-
ods that focus on altering the intra-oral air pressure to facilitate
differences in register have failed to distinguish between how
intra-oral air pressure affects spr and how it affects pitch.
Methods that focus on more airflow through the brass instru-
ment fail to clarify that airflow is a result of the amount of
intra-oral pressure vs. mass and tension of the vibrating portion
of the lips. Therefore a performer must either decrease the
resistance in the lips and/or increase the intra-oral air pressure
to increase airflow. Thus, both methodologies, cither one cen-
tered on increasing intra-oral air pressure (by blowing harder
and/or increasing tension in the lips) or one focused on
increasing airflow in the instrument, are dealing with resultants,
at best secondary by-products of other underlying functions.
Advocates of methods promoting increased airflow are more
often than not confusing actual airflow (and its steady and for-
ward moving connotation) with effort and concentration.™ In
other words, “Song and Wind” is more about song than wind,
Methods designed to alter the amount of intra-oral air pressure
(compression) often fail because these signals from the mind to
the body frequently affect other muscle groups including more
tension in the vibrating mass of the embouchure, tongue, and
throat, thus resulting in even less desirable results.

In its relation to brass performance, one’s perception of air
can vacillate greatly. Its role swings berween the extremes of
elemental conditions. At the front and rear end (inhalation
and exhalation) of the act of playing a brass instrument, it is a
gas. However, when inside the body, depending on the amount
of pressure that is placed upon ir, it may be perceived as a fluid
and perhaps even a solid as the performer experiences focused
control.

Future Investigation

Very little has been investigated on the effects that adding
tension to the center of the vibrating mass of the embouchure
has on the other work systems of the body. Most of the stud-
ies that have been done previously have measured only single
systems such as mouthpiece pressure, posture, etc. To under-
stand whether tension associated with embouchure tension
impedes or supports performance, one must simultaneously
examine the interconnections between air flow, intra-oral pres-
sure, and measures of tension. The authors of this article have
investigated this subject and presented their initial findings at
the International Trumpet Guild Conference in Sydney, Aus-
tralia, in 20710,

Endnotes
1. One source of confusion in previous studies regarding
intra-oral air pressure is in the way thart the results have
been measured. Most traditionally it has been measured in
kPa (kilopascal). North American brass players more easi-
ly relate to psi (pounds per square inch). In addition, the
measurements taken in previous studies often included
standing barometric pressure readings, which varies with
the weather but plays no part in production of sound. In
short the given barometric pressure on the day that our
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studies were taken hovered around 97 — 98 kPa. (The
pressure 100 kPa very neatly equals 14.5 psi.) Thus while
it might take 15.5 psi to play a high C on the wumper at
85dB (forte), it really only takes approximately 1 psi above
barometric pressure. Taking this measurement clarifica-
tion into account could lend some credence to previous
studies that have focused on extreme high-note players,
claiming that some could generate sufficient intra-oral air
pressure equal to the air pressure in an auto tire (25 - 30
psi). If you include standard barometric pressure then yes,
players who play in the extreme upper register do easily
exceed pressures of 20 psi.

The use of spL as a method to compare sound energy pro-
duction across different instruments was the most accessi-
ble if not necessarily the most reliable measurement for the
participants in the study. In this paper, all inter-inscrument
spL comparisons are only relative. Because spL was calculat-
ed from sound waveforms, the levels presented are relative
to an unknown baseline. Although the distance from bell
to microphone was consistent with previous studies and
consistent throughout this study, no attempt was made to
determine absolute sound power output. Participants were
directed to deliver the exercises ar a variety of specified dB
levels as well as sustained crescendos and decrescendos.
This statement alludes to the role of intra-oral air pressure
and its ability to affect the shape of the vibrating mass.
Because of the complexity of this issue, discussion about it
will have to wait until further articles.

The results of Jacobs’s study may have also been a reflec-
tion of the difficulty he encountered with the measuring
equipment he was using in discerning minute ditferences
of air pressure immediately above barometric pressure. In
addition, within the context of this study, the tuba read-
ings were particularly difficult to measure as we discovered
that tuba players (as well as some trombone and horn play-
ers) unconsciously open the pharyngeal flap in the rear of
their oral cavity (thus releasing air through the nostrils) to
decrease intra-oral air pressure as they descend into their
respective low registers. This creates an open system that
greatly reduces the intra-oral pressure, making it much
harder to measure.

Although two notes in the exercise were not open/first posi-
tion, the added length was the same for corresponding
pitches. Therefore, the trumpet and trombone curves in
Figure 4 are directly comparable. The horn and tuba exercis-
es involved differently fingered notes. These instruments
show similar trends, but a careful study of the relation be-
tween pressure and partial number needs to be conducted.
By way of analogy, imagine that you are holding a whirly
tube in your hand and you are about to spin it above your
head. The faster you are able to spin it, the higher the real-
ized pitch. Even though it is only the speed of your arm
that determines the pitch, your whole body is involved in
creating the motion. This would, of course, depend on the
length of that tube and its resultant overtone series.

This signal from the brain to the body also is connected to
a variety of other physical as well as musical phenomenon.
In future papers this will be referred to as the mass effort
signal. Arnold Jacobs associated this phenomenon with
the medical term, Valsalva maneuver. This is a purely
physiological response associated with the act of perform-
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ing a forced exhalation against a closed airway—primarily
the lips and closed nose, or in a modified way, against the
glottis. The more physiologically specific Valsalva maneu-
ver involves a smaller set of bodily systems than are
involved in the mass effort signal. Again, this discussion
will have to wait for future writings.

This alone is a significant find for future studies and the
ramifications of brass pedagogy are immense, far more
then can be dealt with in this brief article. This confusion
of the signal to control register or spL is often one of the
key differences between a mature musician and an ama-
teur. The issue is even more confused by the fact that the
human ear is progressively less sensitive at lower frequen-
cies. Thus, even as the players experienced a constant spL
as a decrescendo, the loudness (in perceptual terms) was
actually increasing.

Like the measurements for intra-oral air pressure, previous
studies of airflow have used a variety of units. Arnold
Jacobs described airflow in terms of liters per minute.
Arend Bouhuys’s article on pressure~flow events in wind
playing generated similar readings in (lps) for trombone
players as the results found in this study.

One might be tempted to wonder about the air velocizy (in
meters per second) instead of the air flow (in liters per sec-
ond). However, the increase of bore size for lower instru-
ments means cven larger distinctions between the air
velocities in different instruments on an enharmonic pitch,
The only qualitative difference from Figure s is thac the air
velocity in the horn would fall between the trombone and
the tuba.

It is of interest here that the particular trumpert data in this
graph shows a marked deviaton from the tend line on
the first two pitches, concert F3 and B-flat3. On the B-flat
trumpet this translates to a low G and low C respectively.
The low G was tentatively performed, producing a low
aitflow rate. The low C was much more readily produced
and the confidence of response resulted in a much higher
flow rate than the trend line (and higher sprL as well).
Arban, ].B., Goldman, E.F., Smith, W.M., Arban’s Com-
plete Conservatory Method For Trumpet. Carl Fischer, Inc.
(1982). P. 283. “On the cornet, as with the voice, clear
tones may be obtained by widening the lips and veiled
tones by contracting them.”

. There is an important distinction to be mentioned here,

especially when it comes to the role of the position of the
tongue and the effect of intra-oral air pressure in the oral
cavity. The raising of the tongue can more directly affect
the intra-oral air pressure in the oral cavity if the air col-
umn only exists from the pharyngeal opening (throat) for-
ward. In other words if air is pressurized only in the oral
cavity and the abdomen and chest areas are excluded, then
the raising of the tongue can dramatically effect the
amount of intra-oral air pressure directly behind the
vibrating lips. If the column of air extends all the way from
the diaphragm to the lips, then the act of raising and low-
ering the tongue has much less to no effect at all on intra-
oral air pressure in the oral cavity.

The body of ctudes referred to as “flow studies” is an
excellent example of this kind of misnomer. These etudes
are usually composed of a continuous stream of slurred
sixteenths (or fast eighths) that traverse the length of a page
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or more. There are many examples of these kinds of
etudes in the literature including such examples as the
Clarke Technical Studies for the Cornet, Charlier Etude
#14, and Brandt Erude #31. Students encountering these
kinds of studies are frequently advised to approach them
with a steady flow of air and idealistically achieve an even
color or timbre of sound throughout the etude. The
results of this scientific study prove, however, that there is
a distincr difference between what is perceived by the ear
as an “even flow of pitches” and the wide amount of vari-
ation in intra-oral air pressure and airflow that are neces-
sary to achieve them.
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