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ABSTRACT

This thesis is the result of a study made of the
influence of the saxophone mouthpiece chamber design upon
tone quality, intonation, and other playing characteristics.
Its aim is to furnish information which will be helpful to
teachers and performers in choosing an appropriate mouth-
piece for a particular desired tone quality. The research
is limited to investigation of alto saxophone mouthpieces.

Tests were conducted on twelve different designs.
Measurements of each design were correlated with objective
and subjective test results in order to fso]ate the effects
of individual design parameters. Tone quality tests made
use of spectrum analysis of selected tones from the range
of the instrument. A Stroboconn tuner was used in making
frequency measurements. 7The use of mechanical embouchures
was avoided in order to duplicate actual playing conditions
and to benefit from subjective reactions of the players
taking part in the testing.

The major conclusions are concerned with the rela-
tive brightness of tone quality and the evenness of tone
quality throughout the playing range of the instrument.

The design factors responsible fur these characteristics



are identified. Other premises are formed on intonation,
mouthpiece resistance,; dynamic range, and carrying power.
Findings from the spectrum analysis indicate some naw
considerations for tone quality theory in the form of
undamped and "accessory" harmonics which are not accounted

for in presently held theories.
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INTRODUCTIOR

The saxophone was invented by Adolphe Sax
(1814-1894) in or about the year 1840. Sax exhibited
great insight in the area of acoustic design and with
this knowledge he built, with conscious intent, a new
instrument. In his patent application of 1846, Sax des-
cribed the design of the saxophone mouthpiece. From Sax's
careful attention to its description, it is clear that the
-mouthpiece was considered an integral part of the new
instrument. It was designed to properly match the interior
shape of the instrument body. |

Since its invention, certain modifications in the
saxophone's design have resulted in slight improvements
while others have been detrimental to the original intent
of Adolphe Sax. Changes in metal alloys and in the dimen-
sions of the instrument's bore have resulted in modification
of the tene quality and playing characteristics. A few
improvements of the key mechanism have been made but it
remains basically the mechanism which Sax designed. Largely
due to demands for movre volume and a more brilliant sound

which could be heard above the screaming brass of large jazz

-t



bands, changes were made in the design of that part of the
instrument which was most important in determining its
tone quality--the mouthpiece. At present, the mouthpieces
which are furnished with new instruments, as well as the
array of different models on the market, are a far cry
from the original design of Adolphe Sax. Many of the
extreme changes in interior design result in a compromise
in musical results. It has been the author's experience
that these changes produce more volume and a more bril-
liant sound, but along with tnem comes less uniformity of
tone quality throughout the range and an increase in
intonation problems.

There is much confusion and ignorance among players
and teachers of the saxophone concerning this vital subject.
Sé}ecticn of the proper wouthpiece seems to be based upon
the "latest model" or the model which a particular performer
uses rather than upon a musical evaluation of the results
in tone qua]itx and playing chavacteristics which a parti-
cular design produces. Most books of saxophone instruction
give little factual information on specific dimensions
of the mouthpiece and often suggest that a "medium chamber
and medium lay" will be most satisfactory for the student

saxophonist. They fail to give any hint about what a



"medium chamber" is, so that virtually no help has been
given in selecting a mouthpiece design.

The situation in the concert hall is equally
discouraging. In a typical concert band, the brilliant,
reedy sound of the saxophone section can usually be heard
through, instead of blending with, the other woodwinds.
Even though it has usually been reduced to a section of
onily four players, its reedy quality can still be heard
when the saxophones are doubling the horns (one typical
way that composers and arrangers try to hide them).

There is often no effort made towards uniformity of tone
quality through the use of similar mouthpiece chambers
by all members of the saxophone section.

One would expect a little better result in the
orchestral use of the saxophone. When the saxophone is
used in the orchestra, usually a fine performer is avail-
able. However, occasionally the saxophone pliayer uses a
jazz type mouthpiece when a classical tone is required
and an inappropriate tone results.

It.is the purpose of this dissertation to furnish
some knowledge on saxophone mouthpiece design which will
aid the performer in selection of a design for his use
which will most efficiently help to produce the tone dua]ity

and playing characteristics which he desires. To this end



a series of tests was conducted to determine the extent
to which the mouthpiece interior design was responsible
for differences in tone quality, intonation problems, and
related characteristics such as mouthpiece resistance,
dynamic range, and carrying power. Chapter Il describes
in detail the experiments carried out. The study was

1imitgd to tests using alto saxophone mouthpieces.



THE HISTORICAL DEVELOPMENT OF THE SAXOPHONE MOUTHPIECE

In the patent letter, which Adolphe Sax filed in

1846 for his new instrument, is the sketch of the mouth-
1
piece which is seen in Fig. 1.

Fig. 1. Sax's Original Mouthpiece.

T\—‘

—>

This is the mouthpiece for an instrument of the bass
range. Sax goes on in the patent letter to state that
the mouthpieces for the other sizes of saxophones are to

be of the same proportions, although, if one wishes, they

1The sketch from the original patent is repro-
duced in a letter from Sigurd Rascher to purchasers of
the Sigqurd Rascher Mouthpiece manufactured by the Buescher
Division of H. and A. Selmer, Incorporated.

o



could be a 1itle smailer or larger.2 In his treatise
on instrumentation (1844), George Kastner writes of the
interior shape which Sax intended for the saxophone
mouthpiece. His deseription stresses that its interior
was very large and holleowed out.3

From the foregoing descriptions it seems clear
that, although the saxophone mouthpiece was similar to
that of the elarinet in its use of a single reed, it
was different inside. The elarinet mouthpiece is charac-
terized by straight side walls and a narrowing to a
throat-Yike constriction.

Sax was not just improving an existing instrument,
but with the insight of a gifted instrument maker's
experience he built a new instrument. From his creative
observations in the field of instrument acoustics he had

been able to make many improvements in existing woodwind

—

2Adolphe Sax, Letter of Patent for Saxophone,
as quoted in Leon Kochnitzky, Adolphe Sax and His Saxophone
{2nd ed.; New York: Belgian Government Informatjon Center,
1964), p. 44.

3george Kastner, Supplement au Traité D'Instru-
mentation, as quoted in Lee Patrick, "The Saxophone,"
Instrumentalist, XXII (November, 1967), p. 74.




4 He sensed a weak area in the tone

and brass instruments.
quality spectrum of the orchestral and band instruments

of his time for which he intended to design a new instru- -
ment. It was probably not just trial and error that led
him to combine a parabolic conical bore with the flexible,

easily controlled single-reed mouthpiece.5

His specifi-

cations on the interior shape of the mouthpiece must be

assumed to be equally weil thought out and in support of

his intent for an instrument which cumbined the flexibility

of the stringed instruments, the power of the brass instru-

ments, and the color of the woodwind instruments of his day.6
Hector Berlioz, a contemporary of Sax, writes of

the impression which he gained from first hearing the

saxophone in 1842.

4Ado]phe Sax extended the range of the sopgano
clarinet downward by a half-step to the present e He
built a new bass clarinet radically different from the
one then in use. In the field of brass instruments he
designed a whole set of valved instruments whose ranges
filled the gap which ‘existed between the tubas and the
cornets and trumpets. Kochnitzky, pp. 11, 13, 24.

5The sides of the conical bore of the original
saxophone were not perfectly straight but had a slight
parabolic curvature. Hector Berlioz, Treatise on
Instrumentation (rev. and enl. by R. Strauss, 1904.
Trans. by T. Front; New York: Edwin Kalinus, 1948), p. 399.

6S1gurd M. Rascher, "The Rational Saxophone,"
Woodwind Magazine, II (May, 1950), 66.




Its sound is of such rare quality that,
to my knowledge. there is not a bass instrument
in use nowadays that could be compared to the
Sa<ophone. It is full, soft, vibrating, extremely
powerful, and easy to lower in intensity. As
far as I am concerned, I find it very super1or
to the lower tones of the ophicleide, in accuracy
as well as in the so11d1ty of the sound. But the
character of the sound is absolutely new, and does
not resemble any of the timbres heard up till now
in our orchestras, with the sole exception of the
bass-clarinet's lower E and F. Owing to its reed,
it can increase or diminish the intensity of its
sounds. The notes of the higher compass vibrate
so intensively that they may be applied with
success to melodic expression.

This first instrument to be publicly demonstrated was
a bass saxophone in the key of Q.B Later, in his Treatise

on Instrumentation, Berlioz refers to the whole family

of saxophones:

These newly gained orchestral voices have rare
and valuable qualities. In the high range they
are soft vet penetratlng, in the low range they
are full and r1ch, and in the middle range they
are very expressive. On the whole it is a timbre
quite its own, vaquely similar to that of the
violoncello, the clarinet and the Lngl1sh horn
with a half-metallic admixture which gives it an
altogether peculiar expression.

The body of the instrument is a parabolic
cone of brass with a system of keys. Agile,
suited just as well for rapid passages as for soft
melodies and for religious and dreamy effects,

"Hector Berlioz, "Adolphe Sax's Musical Instru-
ments," Journal des Debats (June 12, 1842), as quoted in
Kochnitzky, p. 13.

81bid.
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saxophones can be used in any kind of music;
but they are particuiariy suited to siow and
tender compositions.

The high tones of Tow saxophones have a
plaintive and sorrowful character; their low
tones, however, have a sublime and, as it were,
priestly calm. A1l saxophones, especially the

“-m s amd A2 | I
baritone and bass, can swell and diminish their

sound; this permits entirely new and quite
peculiar sound effects in the extremely Tow
range, which bear some resemblance to the tones
of the "expressive organ". The sound of the
high saxophones is much moBe penetrating than
that of the clarinets in B® and C without having
the sharp and often piercing tone of the small
clarinet in Eb. The same can be said of the
soprano saxophone.$

The first.mouthpieces were most iikely made of
wood. Sax had already constructed a metal clarinet
mouthpiece as an improvement over the wooden ones then
in use to add brilliance to the tone (remember that the
clarinet in 1850 was not as bright as today%) and to
alleviate the problems of warping caused by temperature

10

and humidity. He apparently preferred not to use this

material for his new instrument. Since ebonite11 was first

used for the clarinet mouthpiece as early as 1851,]2 it is

Berlioz, Treatise on Instrumentation, p. 399.

]OKochnitzky, p. 13.

]]Esanite is a type of hard rubber.

12yatter L. Wehner, "The Effect of ‘Interior Shape
and Size of Clarinet Mouthpieces on Intonation and Tone
Quality,” (unpublished Doctoral Dissertation, University
of Kansas, 1961), p. 25.
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probable that saxcphone mouthpieces were made chiefly of

either wood or ebonite up to the twentieth century,

The Saxophone Guide gives some clues as to the mouthpieces

in use at the time of its publication. 1In a photograph,
he shows five hard rubber mouthpieces. A1l of these mouth-
pieces are of the same general interior shape. The one
which he considers to have the "most pleasing” results
in tone was a stock mouthpiece manufactured by the Martin
Company. He also discusses a couple of "extreme types"
(hardly extreme at all by today's standards) as not
generally satisfactory. Ross mentions materials used at
that time:. They include rubber, ebonite, glass, porcelain,
metal, and a rubber mouthpiece with a metal facing.]3
In a book written in 1938, mention is made of the
similarity of clarinet and saxophone mouthpieces, but
with the added observation that they are of different shape
and size of interior chamber‘.]4

Until the middle of the 1930s, saxophone mouth-

pieces seem to have been mainly of one general design with

]3A. A. Ross, The Saxophone Guide (Boston: The
Boston Music Co., 1928}, pp. 17-20.

]4Harry W. Schwartz, The Story of Musical Instru-
ments (Garden City, New York: Garden City Publishing Co.,
Inc., 1938), p. 147.







