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Abstract

PC-based sound analysis was used to measure timbral changes brought about by small
incremental modifications to the internal and external dimensions of clarinet mouthpieces.
Methods were developed for use with the software data acquisition and analysis
programmes to cope with the non-linear behavioural aspects of the mouthpiece. In
addition, the research investigated and evaluated conventional and new methods of
displaying the sound spectra; this new, visual method resulted in a quick way of
simplifying and clarifying the data, leading to efficient comparison of the effects and trends
caused by design modification. Professional clarinettists and a controllable artificial
embouchure were used in the procedures for gathering sound data, with an expert
listening panel enlisted for comparative listening tests. The excellent tone produced by the
artificial embouchure suggested that the effect on timbre from vocal tract resonance was
minimal, and that tone was controlled by a player’s subtle adjustment to lip pressure, lip
position and variation of air pressure alone. Baffle angle and shape, together with the
slipway under the reed, were shown to play an important role in balancing brightness in a
way hitherto not clearly understood, whilst the lay profile, arguably influencing the tone
and response more than any other parameter, was found to have a direct relationship with
the reed’s natural curvature during vibration. A large bore mouthpiece in conjunction with
a small bore, French style instrument equipped with a shorter (and sometimes smaller
bore) barrel, was found to increase vibrancy in many set-ups and to shift the spectrum of
sound closer to Germanic tone. The influence exerted by different materials on tone was
also considered, with special emphasis on the development of new resins. These
polymers, which could be cast and machined, enabled the testing of materials with widely
differing properties of density, hardness and flexural qualities. The research demonstrated
that the nature of the material used in the manufacture of a clarinet mouthpiece becomes

increasingly significant once all other parameters approach optimum configuration.

Information contained within the research will enable a more informed choice in the
selection of lay profiles to be made by both players and makers, and aid in the design of
new mouthpieces where both traditional and new features might be combined, thereby

offering a broader range of playing properties.



Objectives of this Research

It is widely recognised that each parameter of a clarinet mouthpiece influences the tone
and response of the instrument in a unique way. The aim of this research is to ascertain
how quantifiable changes made to the lay, tone chamber, bore and various other areas
affect the quality of tone, responsiveness and articulation of a clarinet. The results will be
of benefit in the development of new mouthpiece designs and assist in solving problems

associated with a clarinet’s poor or inadequate performance.
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Clarinet Mouthpiece 7
Different Views A~
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ical Modern French i i i
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Outside Taper: 3°-3.5°, 28.5mm diameter at connection with the barrel
Baffle to Bore Angle: 20° Bore: length 55mm, Conical, 0.6° taper, 14mm-15mm
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*Occasionally, waxed thread is used in place of cork. In early English clarinets, the mouthpiece and barrel were
made in one piece; this is rarely to be found nowadays. An artight fit between mouthpiece and barrel is
essential to avoid squeaks and poor performance of the setup, but an over- tight fit can cause compression at
the tenon end and consequent alteration to the mouthpiece bore perturbation. All of these variations can alter
playing properties.
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Glossary of Terms

A-Frame, the shape of the throat region or aperture into the top of the mouthpiece
bore, as outlined by the side walls, recess and baffle configuration and viewed from
the tenon end (/ \).

Baffle, the surface area directly opposite the reed, continuing into the top of the bore
and forming one side of the tone chamber or slot. Sometimes known as the ramp or
slipway but not to be confused with the recess under the table.

Beak, the bevelled section of the mouthpiece upon which the upper teeth rest.

Bore shoulder, the top end of the bore where it meets the tone chamber. Normally a
rounded contour.

Bore, lower, lower half of the internal section of the bore extending into the tenon.
Bore, the internal section of the mouthpiece below the tone chamber and throat, can
be tapered (conical) or parallel (cylindrical).

Bore, upper, upper half of the bore.

Chops, alternative term for side walls, so-called because of the shape.

Cork, thin material glued around the tenon in a wide groove to secure the
mouthpiece in the clarinet barrel and form an air-tight seal.

Facing, the surface to which the reed is attached. Incorporates a flat section (table)

and a gradual opening towards the tip of the mouthpiece which allows the reed to
vibrate.

Lay (profile), same as facing.

Lay length, the distance from the point at which the lay begins and the outer
extremity of the tip rail.

Ligature, device to hold the reed securely to the mouthpiece. Made from metal,
string, leather or other material.

Parallel bore, cylindrical bore found in Boosey and Hawkes 1010 clarinet
mouthpieces.

Recess, in this thesis, the region at the lower end of the slot or window directly
beneath the table.

Side rails, the upper portion of the facing, either side of the window and crowned by
the tip rail.

Side walls, the upright or slightly inclined sides of the tone chamber or slot,
sometimes known as the chops.

Slipway, in this thesis, same as recess.

Slot, otherwise known as the tone chamber. The cavity beneath the window,
enclosed by the side walls, baffle and reed surface.

Table, flat portion of the facing against which the butt of the reed is clamped or tied.

Sometimes slightly concave to avoid the reed lifting or distorting under pressure from
the ligature.

Tapered bore, conical bore, part of the clarinet's overall perturbation.

Tenon or shank, lower end of the mouthpiece, designed to fit securely in the clarinet
barrel.

Throat, the section between the tone chamber and the bore, sometimes called the
aperture into the bore.

Tip opening, gap between the reed at rest and the mouthpiece tip rail.

Tip rail, the thin curved rail at the top edge of the mouthpiece forming the upper
cross section of the facing.

Tone chamber, see slot.

U-Frame, similar to A-Frame, but here the shape formed is straight sided (|_|).
Window, the open section under the top end of the reed.
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Clarinet terminology

All clarinets referred to are in B flat unless otherwise specified. The written and fingered
notes for a clarinet in Bb sound one tone lower than indicated, that is to say, the note
fingered C, on the instrument will produce Bb; (233Hz and not 261Hz).

‘Throat’ notes (written G, - Bb, sounding F, - Ab,) are low register notes which emanate
from the tone-holes and the speaker pipe (register tube) on the upper part of the top joint.
Throat notes should not be confused with the ‘throat’ region inside the mouthpiece
(aperture).

‘Bell' notes emanate from the lower end of the instrument known as the bell; these notes
are low E; and middle register B,.

The quality of the tone from both throat and bell notes is crucial to clarinettists.
A ‘'set-up’ indicates a specific reed, mouthpiece and clarinet combination.

References to ‘the feel' of a set-up are made throughout the text; this rather vague and
subjective term is used by clarinettists to describe their physical and musical reactions to
the response of a specific set-up.

Graphs

Not all the graphs are calibrated in both axes, but scales are included where it has been
felt necessary. Most of the graphs are not in the frequency domain but are line graphs of
the average amplitude of the harmonics of one or all registers (as in a Long Term Average
Harmonic Spectrum). This way, the results of more than one set-up could be displayed on
a single graph without the confusion that would arise from the use of a bar graph. Unless
otherwise stated therefore, in the graphs of spectrum analysis the x-axis is a harmonic
series and the y-axis the amplitude expressed in millivolts (linear) or decibels
(logarithmic). The y-axis values are mostly arbitrary. Where accurate comparisons are
necessary (as in repeat experiments) the same relative scaling is used throughout. The
use of millivolts rather than decibels is a personal preference, as, although the logarithmic
scale does make it easier to locate component activity of a very small order of magnitude,
it also makes it more difficult to recognise differences in playing properties, particularly in
the middle range of harmonics.

xvi



LTAS and LTAHS Spectral Graphs
Long Term Average Spectra (LTAS) are spectral graphs which are plotted in the

frequency domain. The data is captured several times, the results are then averaged and
presented as one trace. It is a commonly used technique amongst acousticians. A similar
system is employed in the present research whereby many or all the notes on an
instrument are analysed and only the resulting amplitudes of the harmonic series
averaged so that a composite picture of the general tone quality of the instrument set-up
may become apparent. In the text this is called Long Term Average Harmonic Spectrum
(LTAHS).

xvii



Introduction

Undertaken from the standpoint of a performer/maker, this work complements previous
research [Benade,1985, Kruger,1997 and Wehner,1961] by using sound analysis to
measure timbral changes brought about by modifications to mouthpieces. Tests also
involved clarinettists, a controllable artificial embouchure and listening panels. In the initial
stages, differences in timbre alone were examined, and consideration given as to how
these differences might best be described and quantified. Finding a method of using the
analysis systems to reveal subtle timbral differences and the so-called ‘feel-good factor’ in
an instrument set-up is difficult; repeat test results often contained substantial harmonic
inconsistencies. The non-linearity of the reed and player, and possible flaws in the data
acquisition methods were the most likely cause. Methods of manipulating analysis data
were eventually devised and these provided a satisfactory solution to most of the

problems.

The ‘golden age’ of the clarinet is widely regarded as belonging to the second half of the
19" and the early part of the 20™ century. It was around the middle of the 19" century that
the French Boehm clarinet emerged with its efficient new key-system of rings and levers,

and by this time the German Oehler system had also attained much of its complexity.’

At the same time as these developments were taking place, the mouthpiece also
underwent changes. The tone chamber dimensions of the earlier, classical mouthpieces
tended to have been smaller and the facings had been designed for use with narrow
reeds, these dimensions were now enlarged and began to resemble more closely the
designs with which we are familiar today. The practice of making the mouthpiece and
barrel in one piece, as in the very first (Denner) clarinets and early English instruments,
was also abandoned in favour of the more practical, short length mouthpiece, with a tenon

and separate tuning barrel. But these developments were not universally adopted: the

! For a comprehensive history of the instrument see ‘The Clarinet’ by Geoffrey Rendali, W. W.
Norton,1971.or ‘The Clarinet’ by Oskar Kroli, B.T. Batsford Ltd. London, 1968.
1



mouthpieces. Frank Hammerschmidt who hand-makes clarinets obtains most of his
mouthpieces from Viotto, and Guntrum Wolf, who copies antique clarinets, enlists the help
of specialist manufacturer Hans Zinner to provide the mouthpieces. This is not exclusively
a recent development; in the recent past, Boosey & Hawkes imported and modified
French Chédeville mouthpieces for their top of the range 1010 and 926 instruments, and
in the 1920s and 30s, Louis clarinets were mainly supplied with mouthpieces made by
George Howarth ®

Most of today’s professional players will have a favourite mouthpiece or collection of
mouthpieces that they will expect to be able to use with aimost any instrument. Clarinet
manufacturers are aware that, irrespective of the quality of the mouthpieces supplied with
their instruments, most players will want to use their own existing mouthpiece, or, if they
do want to change mouthpiece, will choose from the large number available from
specialist makers. But whilst there is no shortage of mouthpiece manufacturers, many of
whom offer an apparently wide range of models, the majority of mouthpieces offer very
similar playing characteristics and, as such, little choice to clarinettists. Manufacturing
methods such as injection moulding may have placed some constraints on design, but a
lack of awareness of the possibilities and the conservatism of many modern clarinettists is
also perhaps partly to blame. The increasing emphasis on virtuosity, sometimes at the
expense of tone, and the trend towards a more homogeneous, ‘international’ sound

amongst orchestras have also played their part.

Although player/maker based, the present research did not rely on empirical work or
subjective analysis. A systematic approach ensured repeatability of all procedures, and
the listening tests established ‘listening criteria’ which posed many questions regarding
the accepted norms of good sound and good clarinet tone in particular. A thorough
investigation was conducted into the new, affordable, computer-based analysis
technologies now available, with two of these hardware/software systems being used
extensively throughout the research. Knowledge of these systems should be of particular
benefit to musical instrument makers needing an uncomplicated, cost effective method of

analysing the sound of their instruments.

® No criticism is implied in these observations, simply an intention to assess the situation as it now
exits.

7



The results of the research will also help players to make a more informed choice from the
large number of commercial mouthpieces currently available, or to work with specialists to
adjust tone more successfully. The research initiated much debate, and not a little

controversy, as to the precise role of a players embouchure and oral cavity in tone
production.

A clarinettist's ability to perform expressively relies to a large extent upon the tone and
response of his instrument. A poor mouthpiece will have a catastrophic effect on the
playing properties of the clarinet, detracting not only from the quality and range of tone
colour but also diminishing the dynamic range and clarity of articulation. Conversely, a
mouthpiece which encourages a rich tonal palette, a wide dynamic range and clean
articulation will allow a player access to a greater resource of colour and attack and hence

a freedom of expression and interpretation.



Review of previous research

Part of the present research, in which sound analysis was used to measure timbral
changes brought about by modifications to mouthpieces, complemented previous work
undertaken by Benade, Kriiger and Wehner. Reference to other research is made
throughout the thesis, but in this chapter | discuss work which is of particular relevance to

my own investigations.

Little investigation has been carried out into the complex nature of the mouthpiece since
the 1960s. Most scientific research concerning the clarinet has dealt with its basic acoustic
properties [Ghosh, 1937, Backus, 1961 & 1967, Nederveen, 1969 and Benade]. Whilst
these researchers accepted the importance of the mouthpiece, their work did not focus
specifically on this area but dealt rather with air column resonance frequencies, reed
vibrations, intonation and bore perturbation.

Two publications by Walter Leroy Wehner dealt with the effect of the design of the
mouthpiece on playing properties. ‘The Effect Of Interior Shape And Size Of Clarinet
Mouthpieces On Intonation And Tone Quality, University of Kansas, Ed.D., 1961’ was a
doctoral thesis; an edited version re-appeared under the same title two years later, in the
Journal of Research in Music Education, [Vol 11 No 2, 1963, p.131-136]."

Wehner's use of a Stroboconn and tape loops for analysis was typical of work carried out
in the early 1960s. The effects of various bore sizes and tapers on intonation (well known
to experienced technicians) were examined, and the effect on timbre of altering the angle
of the baffle and therefore the depth of the mouthpiece tone chamber, was considered.
Differences in the number and the strength of upper components in the tone when using
varying depths of chamber were found and this was discernible in the Stroboconn traces.
However, a listening panel was unable to detect a significant change in sonority. This was

curious, since for decades jazz players had brightened the tone of their clarinets and

' The magazine version was primarily aimed at clarinettists and teachers needing help in solving

the intonation problems suffered by inexperienced players.
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saxophones by pressing pea-sized pieces of chewing gum onto the centre of the baffle in
order to raise the contour and thereby reduce the depth and volume of the chamber. (Blu-
Tak, or a more permanent epoxy resin or fibreglass is often used nowadays. Small ‘slips’
of self adhesive plastic material are also available from an American manufacturer for the
same purpose). | demonstrated this technique at a seminar at the London Guildhall
University in June 1996 by sticking a small piece of Blu-Tak to the baffle of a clarinet
mouthpiece, and there was unanimous agreement that the effect on the sound was
dramatic. The difference in tone was also clearly displayed in a significantly altered
spectral graph.?

Wehner's original thesis was more detailed than his article in the Music Education journal.
The thesis described two clarinets used for testing; both were stated as typical but not
named. The mouthpiece starting dimensions were given, but the make was not revealed.
It was also chosen for being apparently ‘typical’ (to America?). The thesis contained
copious amounts of well organised data. Unfortunately, testing had been confined to the
analysis of live playing alone, and only one lay profile, described as medium French, was
used for all tests, the role of the lay being outside the scope of the research. But, as all
players know, the lay profile has an enormous influence over the ability to control and vary
timbre. The lay also dictates the thickness and strength of reed that can be used,
influences how easy or difficult the instrument is to blow and how responsive the whole
set-up feels. The reed thickness, lay profile and feedback to the player from this sensitive
area undoubtedly have a profound effect on the quality of tone.

Consideration was not given to the effects of air pressure, temperature and humidity, or to
the type and strength of reed used, all of which can have a significant effect on intonation
and timbre. Temperature in particular has a marked effect on pitch. But perhaps the most
serious omission was that consideration had not been given to the possible effects of the
interaction of bore, lay and chamber, and how the alteration to one parameter may
exaggerate or cancel out the effect of either or both of the other two. The methods used

were also virtually impossible to repeat or verify.> Nonetheless, there was useful

2 See appendix E, p 241, for a detailed description of this technique.
*The importance of repeatability became apparent to me during my own work: if it were not
possible to repeat an experiment with fully controlled parameters, then a method incorporating

averaging techniques or statistical trends had to be used.
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knowledge and data to be found in both of Wehner's pieces of work, especially if one’s

primary interest were in French style clarinets destined for the American market.

Since conducting the seminar which included the Blu-Tak test, Virginia Benade, wife of the
late Arthur Benade, has given me copies of his rough seminar notes. These include
details of some of his experimental work with clarinet and saxophone mouthpieces. In one
of these papers [Benade, A.H. 1974], Benade states that the shape and height of the
baffle has little effect on tone, concluding that ‘high and low baffle shape is hardly
influential more than 1mm from the mouthpiece tip on a Bb clarinet - the story is nearly all
told in the first 2 mm!’. | am in complete accord over the importance of the tip rail area,
but cannot agree with his assertion that the baffle does not play a significant role in
shaping tone colour and influencing response properties. However, in an earlier paper of
Benade’s, concerning the timbre of wind instruments [Benade, A.H. 1970] he clearly
states that '.....the sound spectrum is made up of waves which have revisited the reed
many times in their reflected travels up and down the air column. It can be shown that
under these conditions the strength of the partials is determined to a large extent by the

bore and the mouthpiece shape...’ (my italics).

It was clear that something was preventing differences from being detected by the
listening panel in the American experiments. It may be that, in common with much clarinet
research in the U.S.A., the instrument and mouthpiece used were limited to the arguably
narrower sound spectrum of a small bore French clarinet and a typical ‘middle road’
mouthpiece. This mouthpiece would be characterised by a relatively shaliow tone
chamber, flat baffle and parallel side walls with a taper down to a small rectangular entry
to the bore (U-Frame). This design forms a bocal (constriction) similar to a saxophone or
an oboe, and is in contrast to German style mouthpieces or even pre-war English
examples. In these mouthpieces the side walls slant outwards from the rails of the lay
profile ( A-Frame) allowing the baffle to remain the same width all the way from the tip to
the point where it meets the bore, virtually dispensing with a bocal. The brighter toned
French design, encouraged by the bocal, is by far the most widely used style of
mouthpiece in the USA. Unfortunately, research confined to this kind of mouthpiece may
only benefit small bore French clarinets.

Apart from the fact that the breadth of colour is rather limited with this set-up, the main
reason that differences were perhaps difficult to observe was because the tests were

conducted using only live players who may have compensated for any changes to the
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design by altering the way in which they blew the instrument. This would have made any
results unreliable. The experiments also failed to include alterations to side wall angles or
to examine the effect of the many kinds of longitudinal and lateral curves or troughs that

can be machined into the baffle, along with a change in angle.

Wehner's research focused on the modern French/American set-up. More recent
research by Walter Kriger considered German and French schools of playing. Both
studies sought to discover which mouthpiece dimensions would give playing properties
that both players and listeners alike would agree gave the ‘best’ overall sound. Kriiger's
study also drew attention to the notorious conservatism rife amongst musicians with
regard to timbre, and noted their prejudice towards certain materials used in the

manufacture of mouthpieces.

Walter Kriger [Kruger, 1997] investigated the possibility of improving a badly tuned
instrument through alterations to the mouthpiece and barrel. His aim was different from
mine. Whilst intonation was an important aspect and a concern throughout my work, it was
not central to it* Kriger's study laid as much emphasis on the effect that small
dimensional changes to the design of mouthpieces had on tone and response as they had
on intonation, and in that respect it came closest in nature to my work, although his
approach was simpler. His results were based upon players’ graded assessments of
changes in tone quality brought about by relatively minor alterations made to a small
number of mouthpieces. Spectral analysis was employed to support the impressions of
the professional clarinettists in the group taking part. Unfortunately, certain crucial areas
of the mouthpiece were ignored in this study, but as this kind of work is extremely difficult
to conduct in an absolutely rigorous scientific manner, Kriiger’'s decision to limit the scope
of the experiments and finally to opt for the analysis methods employed was
understandable. As a way of achieving rapid but easily comprehensible resuits, | found
this to be a satisfactory procedure; | also found that | agreed with most of the conclusions

drawn from the resuits of the experiments and found his approach sympathetic.

Krager's methods were not controversial. The professional players were asked to assess
the characteristics of mouthpieces where the dimensions were found to give playing

properties that agreed with accepted knowledge based on empiricism. e.g. higher baffles

4 Some instrumentalists have suggested that perhaps too much emphasis has been placed on

designing and adjusting a clarinet to play in tune, at the expense of tone.
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encouraging brighter tone. This reaffirmed the status quo, rather than discovering

something entirely new that might affect mouthpiece design in an interesting way.

Kriger's experiments used a number of mouthpieces which had been made as identical
as possible, but with each mouthpiece incorporating one small alteration to its internal
dimensions. At the outset of my own research, | began in a similar way, but found this to
have serious pitfalls. The mouthpieces for Kriger's experiments were made by the Ernst
Schreiber company, using computer controlled machines. | know from first hand
knowledge that this firm can produce consistently accurate mouthpieces. However, we
cannot know for certain that, in spite of their supposed accuracy, the mouthpieces actually
shared the same playing properties. My own and other clarinettists’ experience of
supposedly identical mouthpieces is that they can perform in a far from identical manner.
This is also the case with ‘identical’ instruments. Therefore, to rely on their consistency for
the purposes of scientific study may have been a little unrealistic. There were other
differences in his approach but, more crucially, some omissions, which Kriger
acknowledged.

Reflections on Kriiger’s research and comparison with the present research

e Kriiger's players chose their own reed from a single batch for all the experiments. The
tests were quite lengthy and a reed might easily have deteriorated before the tests
were completed. For this reason, one of the players insisted on using 3 different reeds.
Reeds are non-linear in their behaviour, and make a considerable difference to the
playing properties of a set-up.

EP - experimented with specially coated reeds to try and maintain the reed quality over
longer periods, or when using an ordinary reed, tried to complete the experiment as
quickly as possible, before the reed changed its properties.

e Kriger's baffle tests were based on different heights, incorporating a step and ledge,
rather than reworking a smooth transition into the back bore of the mouthpiece.®
EP - changes to the baffle height were accompanied by a smooth taper to the

mouthpiece bore in order to achieve a more realistic shape.

® This design works well for jazz style saxophone mouthpieces but does not suit the clarinet.
Similarly, sidewalls tapering smoothly into the top of the backbore, thereby removing any bocal
where the tone chamber meets the bore of the mouthpiece, work well in a saxophone but not in a

clarinet.
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e Kriiger's experiments omitted to include the effect of the design of the recess under
the table at the base of the reed window.

EP - included this area.

e Kruger's research did not take tip rail thickness into account, although there was
concern over the side rail thickness. The area just below the tip is widely thought to
influence response [Benade Seminar notes etc.] but this was also omitted.

EP - the area immediately below the tip was included in the present research.

o Kruger's research did not investigate the effect on tone of enlarging the bore, although
mention was made of the possibility of improvements (mostly to intonation) by

enlarging the upper bore in either the mouthpiece, the barrel or both.

EP - included experiments to determine the effect of bore size on timbre.

e Krager did not examine lays and their effect on tone nor, more crucially, was the onset
transient investigated. Perhaps this was considered outside the scope of the work.
However, Kriger did discuss the performance of open and close lays and explained
how wide lays need lighter (softer) reeds which can swing into action rapidly
(accelerate quickly) and at greater speed, whereas the closer, narrower lays can begin
to operate with a lower acceleration and velocity than is possible with a thicker
(harder) reed. From this it follows that the open lay, demanding higher pressure
thereby inducing greater acceleration of the movement of the reed at the tip, will snap
shut more easily, producing a near square wave and therefore a fuller spectrum more
readily than a narrow one. It is also worth considering that a wider opening will require
a softer reed in order to be able to use lip/jaw pressure to bend the reed around the
lay so as to reduce the tip opening to a point where the Bernoulli effect can
commence. This shortens the effective length of the lay with a resulting change to both
timbre and response in addition to those brought about by increased forces. The
closer lay is already nearer to a Bernoulli conducive opening, so requires less lip and
jaw pressure and therefore shortens less whilst being played.

EP - included investigations into the effects of different facings on tone and response.

e All of Kriiger's results were based on players’ perceptions, with limited backup in the

form of hard data.
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EP - used a combination of data acquisition and players’ response to set-ups to
assess tone quality.

Enormous prejudice against mouthpieces made from acrylic was observed by Kriiger in
his research, with these mouthpieces scoring 0 on a 0 to 5 scale where 0 = poor, 5 =
excellent. This was strange, as a number of respected German clarinettists use
mouthpieces made from acrylic. Acrylic (methyl methacrylate) is, arguably, a superior
material to ebonite, being mechanically more stable, strong and safe, but having a similar
density. Mouthpieces made from acrylic have similar playing properties to those made
from ebonite and many players in the UK actually prefer the tone of acrylic mouthpieces.
In blind tests of my own, | found that professional players were often unable to distinguish
between the two. | was surprised at the outright dismissal of this material by the German
players and as a result, somewhat uneasy as to the lack of bias in their appraisal in other
areas of the procedure. Nonetheless, the opinions of excellent players cannot be
disregarded. Kriger also expressed his disappointment, feeling it to be the result of
outright prejudice and conservatism. Reaching similar conclusions to myself concerning
the important role of mouthpiece material, he pointed out that the vibrating reed exerted
considerable forces on the mouthpiece, particularly at the tip. The energy transfer would
almost certainly be different between different materials and would affect damping of the
vibrations. In addition, the differing flexural modulus of the materials would influence the
nature of the oscillation and in turn affect the shape of the primary spectrum at the point of
excitation. This highlighted the importance of the choice of material to be used in the
making of mouthpieces.

In Kriger's experiments the results of the marks awarded by the players in assessing the
playing properties of each set-up were displayed in a ray chart. Given the limited range of
simple experiments carried out by Kriiger and his team, the method worked well.

Kriiger’s results in brief:

(based on assessments made by the eight professional clarinettists)

1. The effect of side rail width was minimal. Thicker rails diminished the dynamic range
because, as blowing pressure increased, the Bernoulli forces became greater, causing
the reed to shut off earlier resulting in more upper harmonics (a richer spectrum). With

thicker rails therefore, a bright timbre might become apparent at a lower volume.
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2. Increase in tone chamber volume, either by lowering the baffle angle, making the
baffle more concave or widening the side walls [chops] resulted in a warmer, fatter
sound. It was not clear whether or not there was a limit to these modifications or if
optimum dimensions were achievable.

3. Raising the baffle by a mere 1mm (presumably from the control mouthpiece baffle
angle) was perceived to cause an overly bright and brilliant tone. As the baffle was
raised further, responsiveness was reduced even further and the intonation in the
upper register (3rd mode) became sharp and unmanageable. Players were found to
be extremely sensitive to reduction in tone chamber volume.

4. Parallel side walls (U-frame) were found to be inferior to outward sloping walls (A-
frame). This was perhaps not surprising given that German mouthpieces normally
have steeply sloping walls (A-frame). In the UK, France and the USA, the U-frame
configuration would almost certainly be preferred.

5. A concave tone chamber baffle gave good playing characteristics according to the
eight German players. This shape increased volume and reduced richness in upper
harmonics.®

It is worth noting that in the context of Kruiger’'s work, ‘richer’ tone (‘obertonreicher’) means
timbre with a greater proliferation of upper harmonics and partials, i.e. more like a square
wave. The German players taking part in Kriger's experiments all preferred mouthpieces
which he described as poorer (‘obertondrmer’) in their tonal output, i.e. producing a tone
with less upper harmonics. This is typical of the German School of playing, but it is, rather
confusingly, usually described by clarinettists as being ‘rich’. This sound is also associated
with the timbre produced by a mouthpiece with a large deep chamber, which again is
lacking in certain overtones. Less upper harmonics result in a warmer, darker and more
mellow sound, and to most clarinettists this is described as ‘rich’.

Where a design has encouraged this tone colour, the higher upper harmonics have been
attenuated, sometimes removed altogether, and there is a lowering of the cut-off
frequency. Usually there is also some reduction in the strength of the remaining higher

harmonics, but the net effect on the ear is that, with the disappearance of the very high

® Views in the American, English and French schools vary on the subject of baffle shape. Straight
baffles have been popular for most of the latter half of this century. However, there is now a move
away from the straight flat baffle towards the more concave, older Chédeville design, characteristic
of the first half of the twentieth century. Care needs to taken when selecting a mouthpiece for its
baffle design, since an over-deep and concave shape can make some clarinets sound ‘tubby’ or
woolly and unfocused.
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partials, many of which may have been inharmonic, the balance of amplitudes between
the fundamental and the remaining harmonics are more evenly distributed. The ear can
focus more easily on the 3rd, 5th 7th and 9th harmonics as they have acquired greater
prominence. These middle components now sound as though they are the upper ones
(explaining why some musicians thought that the design had increased upper harmonics)
but the overall effect is that the tone has become smoother, darker, mellower, more
rounded, less harsh or less bright or whichever way one wishes to describe it. All the
players taking part in Krliger's experiments considered that the best tone was achieved
when less harmonically complex tone was being produced, either by way of a deeper
baffle, more chamber volume, or with a close lay. Another interesting observation of
Kriger's was that a narrow reed slot (the distance between the side rails) and relatively
thick side rails (max. 0.6mm) encouraged the generation of components in the upper
portion of the spectrum, i.e. a richer and more complex tone through increased Bernoulli
effect. This is of course the more usual German set-up and, to some extent might be
desirable to counter-balance the attenuation of upper components brought about by
greater tone chamber volume and/or baffle shape and angle.

In Kriger's experiments, the players found that a mouthpiece with a large amount of metal
filler was found to give the best tone and overall response. This mouthpiece was
presumably of the same design as the control which was considered very good by all the
participants in the tests. Surprisingly little attention was paid to this result, which was
strange, as clarinettists either believe that the mouthpiece material has little or no effect
on tone and response, or that ebonite is the only acceptable material for a good quality
mouthpiece. | encountered a similar response from players when | made some
mouthpieces incorporating a large proportion of bronze powder in the polymer. These
mouthpieces performed exceptionally well, several professional players remarking on their
excellent tonal qualities. One of these clarinettists now plays on one of these mouthpieces
on a regular basis.

Conclusions and differences in approach

Where Kriiger's research and mine overlapped, we reached similar conclusions. However,
by including the use of spectral graphs, my aim was to focus in more detail on how small
changes in design could influence the wave form. The random and chaotic nature of the
spectral graph of individual notes on the clarinet required me to develop different analysis
systems to show how the spectrum of harmonics changed when relatively small

incremental changes were made to dimensions and shapes within the mouthpiece.
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I included the lay profile dimensions and the density and hardness of materials in my
experiments.

| examined the different regions of the mouthpiece to ascertain how they interact. By
defining the specific areas which benefit the playing properties of the mouthpiece the
development of new designs incorporating these features is now possible, and aspects
which are detrimental to the tone and response avoided. It is also possible to design
mouthpieces to more specific specifications with regard to timbre, articulation and
intonation.
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3

Clarinet Tone and Response

One of the most crucial aspects of the initial survey in which the mouthpieces were
assessed using the artificial embouchure, was the identification of the criteria to be used
in their assessment. If the main issue were to be the tone, then should assessment of this
be made by a listening panel or by reference to a spectral graph? If a listening panel were
to be used, should this be made up of professional players, musicians, lay people or a
mixture of all three? Subjectivity would surely be a problem here and opinion might vary
between generations. Would players from one school disagree with those from other
schools, or would taste vary within the same style of playing? Would it ultimately be
possible to agree on what constituted ‘good tone'?

Many professional players visited the workshop. Most were from the French Boehm
school of playing but there were also two who used Schmidt Reform and Oehler system
instruments . Each player produced an individual sound, if only subtly different one from
the other but they all had very definite ideas concerning ‘good’ clarinet tone. It was curious
to note however, that two very different players would express admiration for the tone of
another player who differed in tone again from either of them. A possible explanation for
this may be the complex way in which players hear their own tone production, with the
added complication of the sound transmitted through the beak of the mouthpiece to the
inner ear via the teeth, jaws and cranium.

Clarinettists have to deal with the problem posed by the fact that different acoustics and
distance can have a marked effect on tone. The celebrated player Reginald Kell was
renowned for his sublime tone when heard in concert, yet players sitting next to him
observed that the tone was curiously buzzy. Here we have a situation where the important
portion of the spectrum, that which constitutes ‘good tone’, was able to project, whilst the
buzz was left behind. The buzz which formed this part of the complex wave did not radiate
well, and therefore presented no problem in performance. The question this then poses, is
whether the components that created the ‘buzz’ might be beneficial for the radiation of
good sound. We do know that Kell used a relatively short length lay with a narrow tip
opening (approx. 0.95mm x 16mm). Kriger's hypothesis [Kriiger, 1997] states that this

set-up encourages clipping from a low dynamic level (closure of the reed against the tip
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rail and the early formation of a square wave), resulting in a tone quality which is rich in
uneven harmonics even at a moderately low sound level. Kell used soft reeds which would
have encouraged this tendency further and perhaps explain the buzz heard in close
proximity; the reed beating against the tip rail of the mouthpiece.

Most players nowadays form an embouchure with their top front teeth resting on the top
(beak) of the mouthpiece and the lower lip folded over the bottom front teeth to create a
cushion for the reed, the older practice of the double lip technique used by their double
reed colleagues, having been largely abandoned.! Many players also stick a rubber patch
onto the top portion of the beak to cushion the teeth from the hard surface of the
mouthpiece. This is thought to have the additional benefit of helping to reduce internal
resonance produced by the transfer of energy from the mouthpiece to the inner ear by
way of the teeth and bones in the head, and as a result, give a truer picture of the sound
being produced. Unfortunately, the sound heard by the player will always be different from
that heard by the listener, even if the listener is only a few feet away. A distance of at least
a metre is necessary to receive anything like a balanced mix of the predominantly upper
frequencies radiating from the bell and the strong fundamental and lower harmonics
emanating from the tone holes. In electronic terms, the clarinet bell behaves much like a
high pass filter and the tone-holes a low pass filter.

The many hours spent listening to steady state clarinet tone during the course of the
research, caused me to question the nature of sound and to realise the importance of
comparing my own perception of timbre with that of others. it was for this reason that
listening panels were enlisted and the judgement of individual musicians sought as often
as possible, particularly during the assessment of the effect of a large bore mouthpiece on
the Howarth clarinets.

Subjective Preferences in Clarinet Tone

The possibility of establishing a norm of clarinet timbre that would be agreed upon as
representing ‘good tone’ to a majority of players and listeners alike was put to the test in a
seminar at the London Guildhall University. Students, staff and public attending were a
cross section of people involved in the music world, including players, researchers and
makers. | conducted an experiment whereby the audience was asked to listen to
contrasting excerpts from the Mozart Clarinet Concerto? played by several leading British

! e.g. Reginald Kell used this technique.
2 Opening section of the 2nd movement bars 1-8 and opening section of 3rd movement bars 1-8
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and foreign soloists. There were several clarinettists in the audience so | was intrigued to
discover which tone and articulation would be appreciated by them, since clarinettists are
notoriously influenced by fashion and often have preconceived ideas and sometimes a
degree of prejudice. Many of those present were also familiar with evaluating the sound
produced from various musical instruments, so it would be of interest to see how clarinet

tone would be perceived by this cross section of specialists, students and academics.

The players and recordings had been chosen such that a range of styles would be
represented, including modern English, old English, modern German, Viennese (modern,
Oehler system basset clarinet) modern French (English player) and an authentic
performance on a boxwood basset clarinet. We discussed the different ways in which tone
could be described, in particular the nomenclature commonly used by musicians. |
provided a long list of words often used to describe tone (timbre) and response
(articulation) and the audience was invited to add any others they thought useful. The list
began very simply with the following, but grew extensively.

Timbre Articulation
Dark\Light Fast\Slow
Mellow\Harsh Crisp\Fuzzy
Smooth\Rough Strident\Delicate
etc. etc.

Members of the audience were given a simple form to complete. The excerpts were then
played without divulging the names of the players. After each example the audience was
asked to fill the appropriate box with a word or phrase they thought best described the
performance and then to give a mark out of ten.

.l{lleoszta:t Clarinet Concerto K.622 Opening of the slow movement
Tone Response Mark (10)
ex1  smooth sluggish 6
ex2
ex.3

letc.
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Test 2
Mozart Clarinet Concerto K.622 3rd movement excerpt (fast articulation)

Tone Response Mark (10)
ex.1  shallow but colourful prompt-nice attack 8
ex.2
ex.3

etc.

The papers were collected, the identity of the performers revealed and the results
discussed. For the purposes of this document, the players in the experiments shall remain
anonymous and only the instruments and styles of playing revealed. All the clarinettists

present were intrigued and somewhat surprised by the results.

The highest marks and the most complimentary remarks given for tone and response
were awarded to an authentic performance on a period boxwood basset clarinet. The
instrument was the extended version with an extra four semitones down to the
fundamental C; It was interesting that an instrument made from boxwood should have
been preferred, and not one made from African black hardwood, Grenadilla, that is
commonly considered as being the only material suitable for the manufacture of high
quality clarinets. There are a number of clarinettists who believe that performances of the
Mozart clarinet concerto will become impossible once the supply of this endangered
species is exhausted. However, Mozart's exposure to the instrument was entirely limited
to clarinets made from boxwood, grenadilla not being available at that time. The Guildhall
experiment proved that, even to the educated listener, a clarinet made from boxwood can

sound as good as one made from grenadilla and that many people cannot tell one from
the other.

There was much discussion after this experiment. One of the clarinettists in the audience
was shocked to have given a very poor assessment of a player he much admired. It was
interesting too, to note that once the identities of the players were known, and the quality
of the recordings taken into account (one, a rather bright recording from the 1930s,
another a dull recording from the late 60s) opinions began to shift. The most generous
assessment remained with the boxwood basset clarinet but the modern German and the
Viennese modern basset clarinet versions were reassessed as being much better than
had initially been felt (the quality of the recording in the case of the German performance
was lacking in clarity) and the modern English was considered less good than at first
22



hearing. The reasons for the shift were not altogether clear, but it seemed that subtleties

in the playing became more important, as did depth of tone and clarity of attack.

Allowances were also made for recording quality.

The audience response was later analysed in more detail, comparing the lists of words

used to describe each player compiled from the questionnaires handed in.

If we take the first example which was the opening melody from the slow movement of the

concerto, we have the following lists for each player:-

Slow Movement Melody
Player 1 (1930s English)

Tone Response

edgy smooth

reedy satisfactory

stolid

rough

sour

austere Mark: 52%( overall)
plain (Both examples, tone & response)
piercing

strident

thin (x2)

Player 3 (modern English, French clarinet)
Tone Response

sour distinct
ringing (x2) uneven
plangent
clean
woody
thin

hard (x2)
dense
heavy
sharp (x2)
metallic

Mark: 61%

Player 5 (German)

Tone Response
stodgy heavy

dark

watery
clean
creamy (x2)
distant

dirty
compact
soft

woolly
warm

Mark: 53%

Player 2 (modern English)

Tone Response
smooth (x2) smooth (x3)
woolly (x2)

flat

clean

pure

dull Mark: 68%
creamy (x3)

Player 4 (Viennese, basset clarinet)
Tone Response

natural
fizzy
complex
good
creamy
sharp
breathy

hard
sour

Mark: 71%

Period Instrument (boxwood basset)
Tone Response

natural
flutey
rich (x2)
gritty
lively
reedy
colourful
crisp
clean
nasal

Mark: 75%
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3rd Movement Fast Section

Player 2 (modern English) Player 3 (modern English, French clarinet)
Tone Response Tone Response
wooden sluggish reedy heavy
even good strident striking
woody clean shallow clean
heavy rough edged
solid bright
woody harsh
pure squawky
Player 4 (Viennese basset clarinet) Player 5 (German)
Tone Response Tone Response
lively good creamy clean
rounded breathy smooth good
light fuzzy flutey fuzzy
breathy (x2) even woody good
smooth (x2) uninteresting distant (x2) heavy

dirty heavy

watery

Player 6 (period boxwood basset)

Tone Response
reedy bubbly
smooth good

light prompt

flutey nice

thin clean
colourful (x2)

lively (x2)

shallow

Marks for the tone and response in both examples were added together then averaged,
weighted and turned into a percentage for easier comparison. Bracketed numbers e.g.
(x2) indicate the number of times a word was used to describe the sound.

Not all the forms returned had an entry for every test, which is why some of the lists are
short. The outright favourite was the period boxwood basset, achieving 75%. This was a
fine recording and, in addition to the qualities of tone and response being considered, the
performance was musical and well shaped. Curiously, the marks awarded to the other
players did not seem to accord as well with the comments. Player 2 (modern English)
scored a high 68%. From the comments attributed to this performance one might
conclude that popular taste in clarinet playing favours a rather bland, colourless style of
playing, yet this recording was beaten by the period boxwood instrument whose lively
character, tone colour and articulation could not have been more different.

Only the slow movement was available as an example for the first player, so the marks
were doubled here in order to make a fair comparison with the others. This player was a

highly respected and famous clarinettist, one of the most recorded players of all time, yet
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it seemed that no-one could find a kind word for this performance. The style and
interpretation of classical music has changed a great deal since then and this may have
had an influence. Other than that, the comments were surprisingly consistent with just an

occasional contradiction, and gave a fair account of the quality of the playing.

Further discussion following the experiment revealed some antipathy towards the modern
English playing whose total marks put it in second place. The general consensus of
opinion seemed to be that the German and Viennese playing both merited high acclaim,
but that the period boxwood performance remained the firm favourite.

Conclusions of the Listening Tests

The information obtained was interesting, if not altogether conclusive. It demonstrated the
difficulties inherent in describing sound, but showed nevertheless that a consensus can be
arrived at. The awarding of marks was more problematic. The marks did not give a fair
assessment of the order of merit of the middle group of players, and did not accord with
the opinions expressed in discussion.

These tests did show the effect a player's own prejudice and conservatism can have on
his judgement, particularly if there is prior knowledge of the set-up, the player or the style
under consideration. This had worrying implications with regard to the effectiveness of
professional clarinettists on a panel to judge tone and response. This had also been a
problem for Kriiger® in his research.

3 See Chapter 2, p 15
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Tone Quality in Spectral Graphs
Roland Synthesised Clarinet Tone

During a recording session in which | was playing, | was asked to listen to a pre-recorded
synthesised clarinet playing a melodic line over an orchestral accompaniment. My brief
was to play this line again so that it could be recorded live and substituted for the
synthesised version. The quality of the artificial sound was so impressive that | requested
a sample for analysis. The sound had been generated by a Roland keyboard synthesiser
and was either a sampled sound, a totally synthesised sound or a combination of both. In
order to compare the timbre of this synthesised tone with real clarinet tone | made a live
DAT recording of the entire scale of the clarinet. The notes, complete with onset transient,
were then transferred to the computer to enable me to carry out a more thorough
investigation and wave analysis using FFTs.

It was noticeable that the onset transients of the Roland synthesised tone were faster in
the low register than the fastest transients measured in live playing during the experiments
with different lay profiles. Live transients were usually approximately twice the length of
the synthesised sound. The middle register was similar in both the live and the
synthesised sound.

Low C(Bb) 62ms to full amplitude
Middie register G(F) 52ms

High register E(D) 32ms

Fastest for live playing:

Low register 70ms - 250ms

Middle register 34ms

Transient lengths can be much longer in live playing, especially in the low register where
an attack transient can be around 150ms before a steady state regime is established. The
short transient length throughout the synthesised sound would explain the crisp
articulation, but also probably contributed to it being easily recognised as artificial,
articulation in live playing rarely being as consistent throughout the range of the
instrument. The main criticism of this sound was that it was unnaturally clean and lacked

the inflections and imperfections of the live player.

Reverberation had been added to the synthesised version at the recording session. The
steady state tone was less impressive without this treatment but was still warm and fruity.
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Analysis Set-up (Graphs 1 - 3)
Sample direct to computer hard drive from Roland synthesiser via floppy disk
Sample looped in SoundForge software

Spectrum analysis with Pico ADC 100 and Picoscope software (0 - SkHz band)
Sampling rate better than 40kHz

Graph 1

Amplitude (mvs) Roland Synthesized Clarinet Tone - Low Register Bb(233Hz)
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Graph 2
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Graph 3
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The first noticeable characteristic of each of the graphs is the low cut-off frequency in all
modes. The absence of high frequency activity helps to explain the mellowness of the
sound. This low cut-off and lack of very high frequency components is a feature of many
spectral graphs of German clarinet tone. However, in the low register spectrum, the 3rd
harmonic is particularly powerful, with strong 5th, 7th, and 9th components. In Germanic
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tone, the middle and upper harmonics are usually less prominent in relation to the
fundamental, and decrease in amplitude in a stepwise manner. The Roland tone did not
really sound Germanic, but rather a full bodied French, American or pre-war English. The
tone might have been better balanced if the 3rd harmonic had been a little weaker,
although this may have resulted in less vibrancy with the tone sounding less authentic and
more like an organ stop. The formant, indicated by the grey line forming an envelope
around the spectrum, is a text book shape, except for the peak at the 3rd harmonic. The
fact that the spectra alter significantly in the 2nd and 3rd registers suggests that the sound
was based on sampled live playing with filtering and signal conditioning applied.

Mouthpiece Survey

In the mouthpiece survey, a Vandoren B45¢ was used as a control to check the set-up for
each of the tests and to ensure that the reeds consistently produced good tone and
dynamic range. Vandoren consider this mouthpiece to be one of their best and it is used
widely by professionals and amateurs alike. It was therefore adopted as both control and
benchmark when comparing the playing properties of other makes and models. The
spectra resulting from an analysis of the recordings were also compared to the control and
this was of benefit when comparing the harmonic content and formant shapes of all the
mouthpieces. This analysis was instrumental in identifying which part of the spectrum
would benefit from attenuation or reinforcement, but the discovery as to which region of
the mouthpiece affected which part of the harmonic structure was not made until later in
the research.

Comparison Of Basic German & French Tone

In the listening tests the preferred clarinet was a boxwood instrument. This is interesting,
in that this is a material commonly used in classical clarinets, not modern ones. However
the instrument is in many respects a forerunner of the German Oehler system instrument
(although the lower half right hand tone hole venting is closer to the Boehm) and in the
tests it was also found that one of the players much admired was a Viennese clarinettist
using a modern Oehler system basset clarinet. Clearly in these tests, tone associated with
the German or Viennese sound was preferred. But many players feel that there are
positive aspects of both Boehm and Oehler clarinets and that a combination of the vocal
qualities of a good French instrument and the dark resonance of a German one would
result in the ideal instrument. Attempts have been made to achieve just this combination,
with varying degrees of success, the Schmidt Reform Boehm clarinet being one good
example.
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It was hoped that, as one of the eventual benefits of this research, similar modification to
the tone may be made more easily, through alteration to the design of the mouthpiece. To
this end, it was first necessary to identify the specific differences between French and
German clarinet tone. If these could be quantified and the precise effects of design on the
tone understood, then modifications to designs could be attempted to see if it might be
possible to effect a gradual tonal transition from one style to the other.

In order to quantify the difference between the French and German timbres, the spectral
analysis (FFTs) of a typical French set-up were compared to the spectral analysis
produced by a fine quality German set-up. Nick Bucknall, who has been playing German
System instruments for many years, recorded a complete scale through all three registers,
on his Oehler system instrument (an Uebel modified by Ludwig Warschewski in the
1930s). This maker, not well known outside Germany and Sweden, is widely respected by
German players. The mouthpiece was by Hans Zinner with a lay by Berger, and German
faced reeds were used (narrower and thicker). The French set-up was played by myself,
using a Buffet R13 clarinet with a Vandoren B45- mouthpiece and a French reed. Both
recordings were made direct to disk in the same acoustic, with the players in identical
positions and at the same distance from the microphone(1.5m). Allowances for variation in
dynamic level were necessary. However, the fact that the strength of the fundamentals
was similar in all the results, with one or two FFTs almost identical, indicated that the
recording set-up and dynamic level of the playing was within acceptable limits and that the
results would be of significance.

The results of the graphs showed distinct differences between the two instruments, apart
from the throat A and F which were curiously similar.

Graph 4
Amplitude (mvs)
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Grs Graph 5
Ampl Amplitude (mvs)
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It may be that the similarity owed more to the tone-hole size and undercut affecting the
cut-off frequency than the overall differences in design between both instruments’ bore,
tone-hole pattern, mouthpiece and reed.

Graph 6
Ampl Amplitude (mvs)
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The formants changed as the notes progressed up through the registers, and were

different in each clarinet. The formants were distinct resonant frequencies or a composite

amplitude shape of the harmonics induced by the design of clarinet and mouthpiece

combined. Later in the research it became possible to achieve the same formant shape by
alteration to the mouthpiece alone.

Reviewing this experiment at a later date, | began by listening to the two recordings and
was struck by how similar the tone was between the two set-ups, despite the fact that the
spectral graphs had shown clear differences. This probably stemmed from the fact that my
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own notion of clarinet sound veers towards the Germanic and this influences my choice of
reed and the way | blow the instrument. It was encouraging that the analysis could
differentiate between subtle differences in tone colour.

In July 1998, the Swiss clarinettist Hans Rudolf Stalder gave a master class at the Royal
Academy of Music. Stalder used a French Prestige Buffet R13 clarinet and a French
Vandoren B40 mouthpiece, but he produced a light German tone. | discussed this with
him and he explained that, in his opinion, a player has a concept of the sound that he
wishes to produce in his head, and that, with skill, it is possible to produce this on almost
any set-up. He went on to say that in the Tonehalle Orchestra in Zurich, one of the two
principal clarinettists uses a Boehm instrument and the other an Oehler, yet they play
together in the orchestra without any difficulty. Their concept of tone is similar and their
playing compatible.

My own set-up, although not perfect, achieves a fair mix of tonal characteristics from both
German and French schools. The clarinet is by Louis, an instrument after the Martell
maker but manufactured in Chelsea, London in the early twenties, and a mouthpiece of an

old English style but with some modifications.

In the experiment to compare French and German tone, | did not use the Louis set-up, as
this would have been atypical. Yet, even with the more usual French Boehm Buffet used,
the differences heard in the recordings were less pronounced than expected. it was clear
from listening to the two recordings, and from Herr Stalder's comments regarding the
Swiss players, that the timbres from the two schools of playing could be made similar
when desired. This belied the belief of some of the craftsmen at Wurlitzer®, who were
adamantly opposed to the idea that tone could be modified in the ways just described,
asserting that this would be an impossibility.

Certainly there are other properties possessed by an instru