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PREFACE

In music education today there is a trend toward a greater 

understanding of the fundamentals of music. Investigations have been 

undertaken to determine exactly what a musical tone is made of and 

why individuals respond to it in certain ways. In all fields these 

endeavors have led to an objective view of what has been primarily a 

subjective area.  

A knowledge of why something happens or of a relationship 

between factors in a situation is always of ultimate value in teaching 

situations. In this light many studies have been done concerning 

musical tone analysis, and particularly, clarinet tone analysis.  

The clarinet has been the center of tone analysis for some 

thirty-five years, perhaps because it is an acoustical enigma, or 

perhaps because there are more clarinetists interested in analyzing 

their instrument. In any case, analyses have been performed dealing 

with characteristic partial spectrums, design of the bore in relation 

to the tone, effect of the reed on tone, effect of the player on tone, 

and comparisons of tones produced by clarinets made of various 

substances.  

This paper deals with the latter of these topics: comparisons 

of tones produced by clarinets made of various substances. The object
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of this research is not to prove or disprove a similarity or difference 

in sound but to identify any relative similarities and differences found 

in the tonal spectrums by the method of testing presented in this study.
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CHAPTER I

STATEMENT OF THE PROBLEM 

The Purpose 

The purpose of this study was to compare the acoustical 

structures of tones produced by clarinets constructed of different 

materials.  

Sub-Problems 

Analysis of the problem statement led to subordinate 

questions, or sub-problems, which may be stated as follows: 

1. How will the clarinets be selected for testing? 

2. How will the comparison of tonal spectrums be made? 

3. What are the similarities and differences apparent in 

tonal spectrums? 

Definition of Terms 

1. The term "acoustical structures refers to the series 

and relative strength of the- partials present in each tone studied.  

2. The term comparee " refers to the search for similarities 

and differences in tonal structures.
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3. The term "materials" refers to the substances in use 

by manufacturers for the production of clarinet bodies. The two 

most-used materials for this purpose were grenadilla wood and 

ebonite, the latter being also known under a patented name as "Resonite".  

4. The term "tonal spectrum" is synonymous with the 

term "acoustical structure" previously defined.  

Delimitations 

1. For this project five performers on the two instruments 

were used to produce the necessary tones for analysis. The number 

of performers used was determined by the relativity of the study and 

the availability of clarinetists. Relativity refers to the performances 

on the instruments being in relation to each other under these prescribed 

circumstances. No attempt, for example, was made to establish the 

pattern of a "good" or a "bad" tone.  

2. Each performer used his own mouthpiece, ligature, and 

reed during testing to reduce adjustment to a different set of 

circumstances: in particular, the reed strength, mouthpiece tip opening 

and lay, and other factors to which he was unaccustomed.  

3. Metal clarinet were not included in this study because 

of their general abandonment in use.  

4. Only one type of spectrum analyzer was used for tonal 

analysis.
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5. All results of testing were relative to each other under 

the prescribed circumstances of the study.  

Basic Hypothesis 

There was no basic hypothesis for this study.  

Basic Assumption 

The basic assumption of this research was that a representative 

spectrum for each tone studied could be compiled for each instrument 

with five performances by clarinetists of professional capabilities.  

Plan of This Report 

Chapter Two, "Related Research and Background", is divided 

into three sections: (1) early studies from 1938 to 1960, (2) recent 

studies from 1960 to 1968, and (3) conclusions from the related research 

and background for the study. Each of the studies is summarized as to 

purpose, equipment used, special conditions, and conclusions resulting 

from the research. No effort is made to comment on the procedures or 

results until the final section of the chapter where comparisons are made 

and a list is compiled of the findings that seemed to be consistent in all 

the studies. The relationship of these studies to the present project is 

briefly discussed.  

Chapter Three, "Design of the Study", undertakes the task 

of explanation of the methodology of the project. A description of the
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equipment used, conditions of the study, clarinets tested, and method 

of testing is included.  

Chapter Four, "Results of Testing", presents the representative 

spectrums for each instrument tested. A short discussion of the, 

similarities and differences in results is included.  

Chapter Five, "Summary", is a statement of the results of 

the study and a comparison to those results of earlier studies which 

were summarized in Chapter Two.



CHAPTER II

RELATED RESEARCH AND BACKGROUND 

Many aspects of clarinet acoustics have been explored in 

the past thirty-five years. A sampling of these aspects shows that 

research has been done in areas of simple partial analysis of the 

clarinet tone, resonance frequencies, the effect of wall material on 

tone, and analyses of tones produced by clarinets constructed of various 

materials.  

Results of analyses are varied. At one end of the gamut the 

statement is made that each tone of the clarinet, regardless of 

instrument or player, has a specific partial consistency (10), while 

at the opposite end is the statement that "characteristic" clarinet 

tone spectrums are not valid, but are "characteristic" only of one 

individual playing one instrument (11).  

A short summary of the major studies which have been 

completed concerning the acoustics of the clarinet is presented in 

this chapter. Relationship to the problem undertaken will be pointed 

out. Stress will be placed on the following: (1) the purpose of the 

study as stated by the author, (2) the equipment used for the
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experiments, (3) special considerations, if any, and (4) conclusions 

from the study as stated by the author. The studies will be listed in 

chronological order. For a complete bibliographical entry for each 

project hereafter, see page 45.  

Early Studies (1938-1960) 

Many investigations into the tone of the clarinet were undertaken 

from 1938 to 1960. This period of research laid the foundation and set 

the principles for the later studies in this particular area. In the 

following pages is a summary of the major early research projects.  

An Analytical Study of the Timbre of the Clarinet 

Gibson's study at the Eastman School of Music in 1938 (6), 

deals with development of a practical technique for timbre analysis 

which would be of value not only in studying the timbre of the clarinet, 

but would also serve as a foundation for further studies in the analysis 

of instrumental and vocal tone (6, p. 2). The paper includes a 

description of the technique developed by Gibson for timbre analysis 

and the results of a study of the timbre of the clarinet which has been 

accomplished by the use of this technique.  

The equipment used for analysis included a heterodyne 

analyzer and an oscillograph. The results were recorded photographically.  

Figure 1 is a diagram of the plan followed in the study.
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Fig. 1--Plan of the equipment used in Gibson's study 

Placement of the microphone and all surrounding variable 

factors was kept as consistent as possible. Range of analysis was 

zero to 10, 000 cycles, and recording began at the high frequency end 

of the scale and continued to zero. The process was then reversed 

from zero to 10,000 cycles. This procedure was done manually with 

as constant a speed as the operator could maintain.  

Seven performers were used and the range observed was 

written ci to c3*. Tests were also made concerning the same instrument 

with different players, the same player on two different instruments, 

a comparison of wood and metal clarinet tones, and a comparison of 

the tones of clarinets pitched in A and B flat.  

*In this paper, all notes indicate the written pitch and octave 

notation will be as follows: "c1i" indicates middle c and each octave 

above is notated consecutively, e. g. "c2", "c3". Below "c1 ", pitches 

are written as small letters, e.g. "e" being the lowest note in the 

clarinet range.
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Gibson draws several general significant points from his 

research: 

(1) Complexity of the tone varies inversely with the fundamental 

frequency; 

(2) Amplitude of the fundamental of the tone rises from ci to 

bi, and drops back at c2, then increases steadily to c3; 

(3) The second partial is practically non-existent in the 

chalumeau register" however, beginning with bi it is increasingly 

present; 

(4) The third partial constitutes a large proportion of the total 

intensity of each tone and reaches its greatest amplitude from c2 to e2; 

(5) The fourth partial reaches its greatest amplitude from 

g2 to a sharp 2, being especially prominent in the note a2; 

(6) The fifth partial reaches its greatest amplitude in the tones 

of the lower chalumeau register and decreases to near extinction at 

the note c3; 

(7) The sixth partial is weak throughout the entire scale except 

for d2 (Gibson mentions that the pitch d2 is well-known as an inferior 

note on the clarinet); 

(8) The seventh partial is the largest in amplitude below ci; 

(9) Of the partials from eight up, the even are still generally 

below the level of the odd numbers, but with less and less distinction;
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(10) Greater amplitude of partials excepting the fundamental 

produces more intensity in the sound; 

(11) Two performers on the same instrument showed less 

difference than ordinarily exists between individual performances; and 

(12) The instrument has a definite effect on the tone produced 

(6, pp. 27-31).  

In the study of the partial structure of tones produced by 

wood and metal clarinets, Gibson states that the distribution of 

partials is so similar that no consistent conclusions could be drawn 

(6, p. 52). He accounts the differences existing to differences in bore 

and taper of the cylinder and not to the material making up the body 

of the clarinet (6, p. 47).  

The findings of this particular study may be summarized as 

follows: 

(1) The odd partials predominate throughout the entire 

frequency range, but difference between values of the adjacent odd 

and even partials is consistently less in the higher partials; 

(2) The second partial is for all practical effect non-existent 

in the chalumeau register; 

(3) Complexity of tone varies inversely with the frequency; 

(4) Each tone of the scale has a characteristic distribution 

which will be followed closely enough in a majority of cases to enable
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the trained observer to deduce from the distribution just what tone 

of the instrument is observed; 

(5) Much of the individuality of the tone of a fine performer 

may be attributed to the instrumental equipment employed rather than 

to differences in embouchure; 

(6) The softest tone is consistently the purest, and the 

strongest consistently the most complex; 

(7) The complexity of the tone varies inversely with the size 

of -the bore; and 

(8) The distribution of partials in metal and wood clarinets 

is so similar that no consistent conclusions could be drawn.  

The Harmonic Structure of the Clarinet Tone 

Voxman, 1940 (16), investigated three theories explaining 

the characteristic harmonic structure of the clarinet tone: (1) the 

absence or repression of even-numbered partials, (2) the relative 

pitch theory of harmonic structure, and (3) the formant theory of 

harmonic structure (14). See Appendices D and E for definitions.  

Equipment for the study included an oscillographic recording 

system, an acoustically well-constructed room, one test subject, 

and a wooden full-Boehm B flat clarinet made by Selmer.  

In part I of the project, the tones of the chromatic scale were
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recorded at three intensity levels approximating soft, moderately 

loud, and loud. These levels were subjectively judged.  

General findings of part I of the study were the following: 

(1) The acoustical spectrum for a tone of given pitch is definitely 

a function of the intensity level employed in production. The louder 

the tone played, the more extended is the series of over-tones and 

the greater their intensity relative to the fundamental. The averages 

indicate that this is more consistently true for the first three registers 

than for the highest.3 

(2) In general, only about ten partials are very significant.  

Of these the first is the most prominent, followed in order of strength 

by the third, fifth, second, seventh, and fourth; 

(3) The relative intensities of the even-numbered partials 

are only lightly affected by intensity variations, but do show a progressive 

increase with frequency, 

(4) There is no marked evidence for the existence of a formant 

in the tones analyzed. The present study lends no support to this 

theory. There is no significant concentration of energy in any one region 

of the scale. The concentration of energy seems rather to shift with the 

frequency of the fundamental.  

(5) For a given dynamic level the relative energy in the 

fundamental increases with frequency. Both the spread and the intensity
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of the overtones decrease as the upper playing limit of the instrument 

is approached., 

(6) The physical analyses are in accord with the description of 

the clarinet that is commonly given by musicians.  

Voxman compares the subjective judgment with the objective 

analysis in the following manner: 

The "rich, full, and rather reedy tone" of the chalumeau 

results from a characteristic complexity of tone--a 

fundamental surcharged with strong odd-numbered partials.  

The dullness of the break register may be ascribed to 

the smaller mass of air in vibration rather than to the 

relatively purer tone. In the clarion register a stronger 

fundamental and increasingly strong even-numbered 

partials yield a tone of an expressive beauty and clarity.  

The highest register consists of almost pure tones.  

Here the second partial is the strongest overtone (16, p. 4).  

For part II certain factors were changed in the methodology.  

A power-level indicator visible to two performers was used to control 

intensity level. A more sensitive oscillograph was made available 

and a highly non-reverberative room was used.  

Findings for part II which verified part I were as follows: 

(1) There was no evidence of a fixed formant as a determinant 

of clarinet tone quality.  

(2) There was no consistent concentration of energy in any 

certain partials.  

(3) Both odd and even-numbered partials exist, but the odd 

numbered partials predominate throughout. As in the previous study
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this predominance decreases with an increase of fundamental frequency, 

(4) The acoustic spectrum for a tone of given frequency is 

definitely a function of the intensity level used in production. The 

louder the tone played, the more extended is the series of overtones 

and the greater their intensity relative to the fundamental, 

(5) For a given dynamic level the relative energy in the 

fundamental increases with frequency.  

The results in part II differed from Part I in the following 

observations: 

(1) A greater number of significant partials was found and 

the intensity of the fundamental relative to the total intensity was 

smaller; 

(2) Stronger even-numbered partials were found throughout 

the range of the instrument (16, p. 9).  

Voxman notes an interesting phenomenon concerning the 

distance of the bell to the microphone: 

All analyses of tones of instruments possessing a 

bell as does the clarinet, cornet, etc.., must be 

interpreted only as analyses under stated conditions 

of position relative to a microphone. In the previous 

study the bell of the clarinet was of sufficient distance 

from the microphone to allow a blend of tone from the 

bell and tone from the side holes to be recorded. The 

side holes of an instrument like the clarinet or flute 

exert a tremendous filtering effect on the tone emitted 

by the bell. This fact can easily be ascertained by listening 

with a stethoscope at the various tone holes of the lower
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part of the instrument and at the bell when a note 

fingered with the upper part of the instrument is 

blown. In part II the bell of the clarinet was 
approximately one foot from the microphone. Low 
frequencies were greatly reduced and the result 

was an amplification of high-frequency components 
at the expense of the low frequencies (16, p. 9).  

Conclusions from this project were stated as follows: 

(1) The characteristic tone of the clarinet is best exemplified 

in the chalumeau register; the data presented show that in this 

register the greatest dominance of odd over even-numbered partials 

exists; 

(2) The clarinet in its upper register most nearly approaches 

the tone quality of the violin or flute; the findings disclose the least 

dominance of odd over even-numbered partials in this register; 

(3) No verification of either the fixed formant theory or the 

relative pitch theory of harmonic structure was found; 

(4) The acoustical spectrum of a clarinet tone is a function of 

the intensity levels with frequency constant and, to a less degree, of 

pitch with dynamic level constant (16, p. 10).  

An Experimental Study of the Tone Quality 
of the Boehm Clarinet 

The report by McGinnis, Hawkins, and Sher, 1943 (10), offers 

a description of clarinet action and a consideration of the tone quality 

at the bell of the instrument in the three conventional registers. Special
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consideration is given to the harmonic structure of the tones and its 

variation throughout the pitch range.  

The equipment used for analysis was a mechanical harmonic 

analyzer which could be used up to the thirtieth harmonic, a cathode

ray oscillograph, and photographic equipment. Dynamic level was 

controlled by a General Radio Sound Level Meter. The microphone 

was placed about three inches from the bell and on a line with its 

axis (10, p. 230).  

The tones were played by McGinnis on his own instrument at 

sound levels of 78, 84, and 92 decibels. No mention is made of the 

bore, manufacturer, or type of material making up the clarinet body.  

A more intense tone was found to have more harmonic content, 

and a less intense tone to have almost a pure sine curve indicating 

a lack of partials (10, p. 234). It was also discovered that harmonic 

content is not the same along the side of the tube and on the axis 

outside the bell. There also seemed to be strong evidence of acoustic 

filtering due to the open tone holes (10, p. 235). Another general 

consideration was that important variations in quality result from 

changes in reed or embouchure. This factor was controlled as closely 

as possible.  

The following factors were stated as complicating the judgment 

of the ear in response to the clarinet tones:
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(1) minor importance of the contributions of most of the har

monics in the weak and trace classes, 

(2) possible masking effects, 

(3) subjective difference tones which may assume importance 

where strong, consecutive partials appear, and 

(4) variation in threshold intensity with frequency (10, p. 235).  

McGinnis observed certain acoustical characteristics for the 

tones of each clarinet register. The chalumeau register was found 

to have the following properties: 

(1) The fundamental has, on the average, one-third of the 

total intensity and is not absent in any tone. The hollow quality of this 

register results from relatively strong odd partials, often with a 

spread of several harmonics between them.  

(2) The lower odd harmonics (one, three, five, and seven) 

are usually present and of considerable importance. The ninth 

occasionally replaces one of this group.  

(3) The lower even harmonics (two, four, six, and sometimes 

eight) are generally unimportant. Of these the eighth is most important, 

especially in the so-called throat tones, the highest pitches in this 

register.  

(4) In the higher harmonics, above the ninth, the even partials
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may appear as often and as prominently as the odd partials; 

(5) Of the total intensity, about 78 percent is in the odd 

harmonics; 

(6) Decreasing the intensity from forte to pianissimo results 

in simplification of the harmonic structure of the tones, until, finally 

only the fundamental and one or two very weak, low harmonics remain.  

The clarion register was found to be characterized by the 

following: 

(1) The fundamental averages slightly more than one-third 

of the total intensity; 

(2) In the note bi, the fundamental is the strongest of any tone 

in the entire pitch range of the clarinet; 

(3) The second harmonic is stronger and the fourth is much 

stronger than in the low register; thus the hollow harmonic structure 

is less effective than in the low register and the hollow, reedy quality 

of the tone is noticeable less in evidence; 

(4) Almost all the intensity, about 96 percent, is contained 

in the first six harmonics; no harmonics above the tenth are of appre

ciable importance; 

(5) Changing the intensity from forte to mezzoforte causes 

little change in the waveform; 

(6) Playing the tones pianissimo results in simpler patterns.
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Observations of the high register revealed the following 

phenomena: 

(1) The fundamental is much weaker than in both the other 

registers; 

(2) The second harmonic is by far the strongest, and only in 

this register is this the case; 

(3) Almost all the intensity, about 99 percent, is contained 

in the first six harmonics; no harmonics above the seventh are of 

appreciable importance in any tone; 

(4) There is no hollow harmonic structure, and the hollow 

reedy quality which particularly characterizes the clarinet has been 

lost; 

(5) The effect of variations in wave form with intensity is 

similar to that of the middle register (10, pp. 236-237).  

In the chalumeau register the third partial was found to be the 

most intense with 18.3 percent of the total energy. The unique quality 

of this register is due to the absence or weakness of the second, fourth, 

and sixth harmonics, and to the relative strength of the first, third, 

fifth, and seventh (10, p. 237).  

McGinnis explains the reed and theory of action in the following 

manner:
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As the reed begins to close the aperture, a 

condensation has started down the tube. By the time 

the condensation has reached the bell or the first open 

hole, the reed has closed the aperture. The condensation 

is now reflected from the open end as a rarefaction.  

But this rarefaction, due to its nature, cannot open the 

reed upon reaching the mouthpiece, and hence is relected 

as a rarefaction for a second trip down the tube. Mean

while the reed is still in its closed position. When the 

rarefaction reaches the open end, it will now be reflected 

as a condensation. As this condensation approaches the 

mouthpiece, it will gradually cause the reed to open.  

Thus we see that the reed has made one complete cycle 

while the initial sound disturbance has traveled four 

lengths of the tube. This process will now repeat itself.  

It is important to note that the reed is in its closed 

position for at least half of the entire period. The 
aperture, after once being closed, can be opened only 

when a reflective pulse of condensation increases the 

air pressure under the reed to a value which is 

sufficient, with the aid of the reed's elastic forces, 

to move it outward against the air pressure in the 

mouth. Thus the large acoustic impedance at the 

mouthpiece has been the cause for the action to 

resemble that of a closed pipe, for the sound has 

traveled four times the tube length for one cycle of 
the generator (10, pp. 229-230).  

McGinnis, Hawkins, and Sher were the first to do a major 

study and publish their results. The findings of this study have been 

the target for many following research projects.  

Analyses of the Tones of Wooden and 
Metal Clarinets 

Parker's study, 1947 (12), is concerned with three particular 

aspects, the first of which was prompted by the statement by Richardson 

in 1929 that greater or less damping of the tone results from the
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influence of the tube, depending upon the rigidity of the tube, and that 

the tube enhances notes in certain regions of the scale, depending 

upon the tendency of the tube to have marked natural frequencies (14).  

The second aspect of this study deals with the statement by Redfield, 

1934, that the respiratory tract effects clarinet tone (13). Thirdly, 

Parker investigates the function of the clarinet reed. An attempt 

is made to discover whether or not the reed is beating (12, p. 415).  

The test equipment consisted of a harmonic analyzer, towers 

for use in placing the clarinets and the microphone outside in the open 

air for elimination of the room reverberation factor, an artificial 

embouchure, and artificial respiratory tracts of wood and brass. A 

wire voicer was used to bring the reed up to pitch. Wood and metal 

Selmer clarinets were used but no indication of the dimensions of 

either instrument was made.  

Several analyses were performed in which the blowing 

pressure alone was varied. Increasing the pressure resulted in a 

longer series of harmonics for low notes. The tests indicated that 

large differences in the relative strengths of the various components 

may be attributed to this factor (12, p. 417).  

The use of a directional microphone showed the primary source 

of sound of the fundamental frequency was the open hole on the side 

nearest the reed (12, p. 418).
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Parker seems to be in agreement with McGinnis concerning 

the following observations: 

(1) Analyses vary from one tone to the next, even in the same 

register; 

(2) Definite acoustic filtering action due to open tone holes 

is observed; 

(3) The number of significant harmonics in the low tones 

increases with increasing blowing pressure (12, p. 418).  

Parker states that clarinet tone is a function of some or all 

of the following variables: 

(1) the player's respiratory tract, 

(2) the length of the vibrating reed and the pressure on it, 

(3) the blowing pressure, and 

(4) the pipe or resonating tube (12, p. 416).  

In order to vestigate these factors, the following system was devised: 

A mechanical system was devised by which 
all other factors could be kept reasonably constant 
while one was varied. Several reservoirs, or 
"artificia- respiratory tracts", were made in a 
variety of shapes and sizes and of wood and brass.  
A clarinet mouthpiece and a wire voicing arrangement 
were attached to a support. The support was inter
changeable on the reservoirs; and the voicer made 
it convenient to change the length of, as well as the 
pressure on, the vibrating reed. The blowing 
pressure was supplied by an organ blower, equipped 
with regulating wind chest and water manometer.
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Finally, with everything else constant, it was easy 

to change from a wooden to a metal resonating tube 
and to change notes. Analyses were obtained out 
of doors. At frequent intervals the tones were 
compared with those of an experienced musician.  
Impartial observers agreed that the mechanical 
system gave tones having definite clarinet quality 
(12, p. 416).  

Conclusions from the study were that the respiratory tract 

and the wood or metal of which certain instruments are made have 

no appreciable effect upon the steady-state spectra. Factors which 

have important effects include the pressure on the reed and the 

position at which pressure is exerted, the blowing pressure, and the 

position of the note in the register. Observation of a vibrating reed 

under stroboscopic light verified the conclusion that the reed is a 

beating reed (12, p. 415).  

A Spectrum Analysis of Clarinet Tones 

Miller (11) designed this study to analyze the harmonic structure 

of clarinet tones through the use of an audio wave frequency sweep 

spectrum analyzer. Subjects used in the experiment were clarinet 

students taken from the University of Wisconsin Summer Band Clinic 

of 1954. Analysis was done by means of an analyzer with a basic 

super-heterodyne type circuit. As each tone was produced, it was fed 

to the analyzer and the resulting partial spectrum recorded by an 

oscilloscope camera.
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The partial spectrums indicated the series and relative 

amplitude of the partials present in the tone. The partial spectrums 

were then analyzed from the film and recorded in chart form. These 

charts indicate the partials present on the film and note the position 

and amplitude of the two strongest partials.  

The relationships or patterns of partial spectrums in the 

analysis of the tones of subjects were few in number and in no instance 

true in every case. There was not consistent agreement in the placement 

of the formant range even though the same clarinet was used. The 

primaries of the tones investigated were found on partials varying 

from the first to the ninth. In the clarion register the patterns are 

more nearly alike than in any other register. However, the partials 

of primary and secondary importance as judged by intensity varied 

in their location within every note tested. There occurred some 

similarity of patterns but no two were identical in partials present and 

the amplitude of these partials.  

The overall pattern presented by the partial spectrums was 

from relatively complex spectrums in the chalumeau register, to 

spectrums containing relatively few partiAls in the altissimo register.  

With the majority of the subjects this decrease in number of partials 

present when going from low to high was a relatively gentle taper.  

There was a general lack of even-numbered partials (especially
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lower ones) in the chalumeau register. Often the subjects producing 

relatively complex spectrums had strongest partials on ones other 

than the first. The opposite was true with those subjects with relatively 

simple spectrums throughout their testing.  

As a result of the findings of this study, Miller drew the 

following conclusions: 

(1) The formant theory does not sufficiently explain the 

distribution and amplitude of the partials of the clarinet spectrum 

(11, p. 99); 

(2) The harmonic theory does not sufficiently explain the 

distribution and amplitude of the partials of the clarinet spectrum 

(11, p. 100); 

(3) The relationship of the formant theory and the harmonic 

theory (or other influencing factors), as explanations of the quality 

of the clarinet tone, is not clear enough to identify the cause of the 

harmonic structure of the spectrums (11, p. 101); 

(4) The use of the sam e reed, mouthpiece, and instrument by 

different subjects does not result in identical or closely similar spectrum 

patterns throughout the entire clarinet range (11, p. 101); 

(5) The examples of so-called "characteristic" clarinet tone 

spectrums in some previous research projects are not compatible 

with the findings of this study; they are "characteristic" only of
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that subject using a particular clarinet and playing a particular note 

(11, p. 102).  

An Acoustical Analysis of Tones Produced by 
Clarinets Constructed of Various Materials 

Lanier, 1960 (9), presents this analysis to determine if there 

are differences in timbre great enough to be seen in the wave form 

traced on the oscilloscope or registered by the harmonic analyzer 

(9, p. 16). The analysis was limited to the first eight partials of 

two tones produced by three ebonite, three metal, and three wood B flat 

clarinets. The tones chosen for analysis were ci and gi (9, p. 16).  

Analysis was made with a harmonic analyzer which created 

difficulty because of the following factors: (1) the shortduration 

of the tone produced, (2) the slight fluctuations in volume of the 

tone, (3) the possible alteration of pitch caused by the involuntary 

changing of position and pressure of the lips, and (4) the player's 

efforts to produce a good tone. To eliminate these individual variables, 

an artificial embouchure was constructed (9, p. 16).  

The mechanical embouchure was designed in the following 

manner: 

A mechanical embouchure was constructed 

from a brass cylindrical tube one-sixteenth of an 
inch thick with an outside diameter of two and one
half inches and a length of four and one-half inches.
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A plate was constructed so that it could be easily 
fastened to the front of the tube by screws. In the 
center of this plate a hole was cut to allow th 
round corked end of a clarinet mouthpiece to extend 
far enough to permit the fitting of the barrel joint 
of the clarinet. The mouthpiece employed in the 
embouchure was turned (cut on the lathe) to allow 
for the thickness of the brass plate. A clamp was 
then adjusted around the mouthpiece immediately 
beyond the ligature to hold the mouthpiece firmly 
and to serve as a base for the screws used to anchor 
it to the brass plate. A plate was soldered to the 
opposite end of the tube to form an airtight chamber 
(9, p. 17).  

Correct pressure on the reed was obtained by anchoring 

a rubber pad to a movable metal rod. This arrangement was made 

adjustable by a screw type adjustment anchored to the outer wall 

of the chamber.  

The air pressure was regulated as follows: 

Compressed air was passed through a low-pressure 
pneumatic regulator to supply a controllable air 
pressure into the chamber. This regulator permitted 
the regulation of air pressure from zero to five 
pounds accurately to within .7 of an ounce variance.  
Additional control was attained by passing the air from 
the regulator through a large airtight container before 
passing it into the embouchure (9, p. 17).  

Photographs of the wave form produced on the oscilloscope 

were made as well as the reading from the analyzer. A General 

Radio Sound Level Meter was used for constant volume level.  

Results showed that both metal and ebonite clarinets produced 

tones consisting of fewer partials than wood. Because of their greater
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number of partials, wood clarinets were judged to be better resonators.  

Tones of wood clarinets showed stronger third and fifth partials as well 

as a greater number of partials (9, p. 22).  

Lanier concludes with the statement that the material enclosing 

a vibrating column of air is of importance to tonal richness. Type and 

thickness of material will tend to reinforce or subdue certain partials 

of the tone (9, p. 22).  

Recent Studies (1960-1968) 

In the period from 1960 to 1968 Backus has done four important 

major studies concerning the clarinet. In the following pages, summaries 

and conclusions of his efforts are presented.  

Vibrations of the Reed and the 
Air Column in the Clarinet 

This paper by Backus, 1961 (4), presents the first results 

of some experimental investigations regarding the behavior of the 

clarinet reed and its relationship to the vibrations of the air column 

of the instrument (4, p. 806). As in other studies, the artificial 

embouchure is used to eliminate the human variable. The embouchure 

used by Backus is quite interesting as is shown in Figure 2.  

The phototube was used for a study of the properties of the beating 

reed.
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ADJUSTNG--_CLARINT 
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PHOTOTU 7 / REED 
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MOUTHPIECE/ 

MICROPHONE LIGATURE 
INSERTION AIR PRESSUR 

Fig. 2--Apparatus for artificially blowing the clarinet 
and observing the reed motion (4, p. 806).  

Methodology for the study was described as follows: 

In the present investigation, the motion of 
the reed was studied by means of a photoelectric 
method. Light from a source placed->opposite the 

bell of the clarinet passes down the bore of 
the instrument, through the aperture between 

the reed and the mouthpiece, and into a photo
multiplier tube. The output of this tube is 

observed on an oscilloscope, whose deflection 
is thus proportional to the area of the reed 
aperture (4, p. 806).  

It was found that for loud tones the aperture is completely 

closed for about one-half cycle and completely open for the other 

half. For softer tones the aperture does not close completely and 

the reed motion becomes nearly sinusoidal (4, p. 806). A small 

condenser microphone inserted in the clarinet mouthpiece allowed 

simultaneous observations of the reed vibrations and air column 

vibrations to be made. It was found that during that part of its
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motion that the reed is not in contact with the mouthpiece it follows 

quite faithfully the variations in mouthpiece air pressure. The sound 

pressure level in the mouthpiece reaches 166 decibels for loud tones: 

this value checks well with the pressure required for blowing the 

instrument (4, p. 808). The increased loudness of the clarinet on 

harder blowing is due primarily to the increased production of 

harmonics (4, p. 806).  

Backus agrees with Parker (12, p. 417) that the size and 

shape of the blowing chamber or respiratory tract are of no 

importance in tone production (4, p. 809).  

Small Vibration Theory of the Clarinet 

The purpose of the study conducted by Backus in 1963 (3) was 

to outline a theory of the interaction of the reed and the air column 

in the clarinet for the case where the amplitudes of the vibrations 

are small (3, p. 305). The results of the theory would be used to 

explain the following known facts: 

(1) the slight but important control the player has over the 

frequency of his instrument, and 

(2) the existence of a threshold blowing pressure.  

Backus makes the observation that the playing frequency of a 

woodwind instrument depends primarily on the length of the vibrating 

air column as determined by the finger holes and by the velocity of
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sound inside the instrument. The player, however, can alter the 

frequency slightly by varying the pressure of the lip on the reed, 

increased pressure raising the frequency, and conversely (3, p. 305).  

Figure 3 shows the artificial embouchure which Backus 

constructed for use in this particular study. It should be noted that 

an allowance is made for damping the reed. Very few attempts have 

been made to produce this particular effect.  

LIGATURE MOUTHPIECE 

WINDOW 
MICROPHONE 

TRAVELING 
MiCROSCOPE 

L AY 

REED TOH~ 

"DAMPING 

Fig. 3--Side view of tip of mouthpiece showing artificial 
embouchure and reed-damping mechanism (3, p. 309).  

Findings in the study were the following: 

(1) Playing frequencies are below the resonance frequencies 

by half a semitone (3, p. 306); 

(2) The rise in frequency with greater lip pressure on the 

reed is due to the resulting smaller reed opening, and not due to 

any change in the resonance frequency of the reed itself (3, p. 312);
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(3) The threshold blowing pressure is directly proportional 

to the reed opening and reed stiffness, and is modified somewhat 

by the efficiency of the instrument (3, p. 312).  

An abstract drawn from this study very nearly describes in 

complete form the method, philosophy, and, results of the study.  

A theory of the clarinet is developed based 

on the experimental observation that for weak tones 

the reed and air-column vibrations are nearly 

sinusoidal. The clarinet is assumed to be a cylin

drical air column open at one end and closed at the 

other by a diaphragm containing a slit of variable 
width, corresponding to the aperture between reed' 

and mouthpiece. A velocity potential appropriate to 

a tube with wall friction is assumed. The impedance 

of the slit as a function of opening and pressure across 

it is evaluated experimentally and checked against 

theory. The volume flow through the slit is 

calculated from the velocity potential and equated 

to the flow calculated from the slit impedance. The 

flow and impedance both depend on the pressure, 

which in turn is again calculated from the velocity 

potential. Expressions for the operating frequency 
and threshold blowing pressure are obtained by 

assuming the flow to consist of a small alternating 
component superimposed on a steady component.  

The frequency is found to be below the resonance 

of the system considered as a tube closed at the 
reed end, the shift varying nearly linearly with the 

slit opening and depending on the reed damping.  

The threshold blowing pressure is found to be 

proportional to the opening and to the reed stiffness.  

Operating frequencies and pressures for the artificially 

blown clarinet were measured experimentally and 

found to be in very good agreement with values 

calculated from the theory (3, p. 305).



32

Effect of Wall Material on the Steady-State 

Tone Quality of Woodwind Instruments 

Backus, 1964 (1), investigates the two ways in which the effect 

of the walls of a woodwind instrument can occur concerning its tone: 

(1) Vibration of the reed and air column may be transmitted 

to the clarinet body, producing in it a response depending on its 

shape and material. These body vibrations will then radiate sound 

that can alter the quality of the radiated air-column vibrations 

(2) Since the materials of the clarinet body are not perfectly 

rigid, it might be expected that the air column resonances would be 

altered by amounts depending on the elasticity of the wall material 

These alterations would change the harmonic structure of the air

column vibration and hence affect the tone (1, pp. 1181-1182).  

Equipment used in the study included a Panoramic Analyzer 

model LP-1a, a General Radio Type 1551-c Sound Level Meter, 

an artificial embouchure, and a set of clarinets consisting of two wood 

and two plastic. Also included in the experiments were one brass tube 

and one plastic tube (1, p. 1882).  

A clarinet blown with an artificial embouchure was 

connected to one end of a large pipe with absorbing material at the 

other end so that the sound usually radiated was absorbed instead 

(See Fig. 4). Under these conditions, the sound radiated from the
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vibrating body was measured and found to be forty-eight decibels below 

the sound normally produced by the instrument at the same location 

(1, p. 1881).  

MOUTHPIECE 
MICROPHONE 

SOUND LEVEL MICROPHONE 

0 

CLARINET ALUMINUM URETHANE 
TUBE FOAM 

EMBOUCHURE 

Fig. 4--Experimental arrangement for measuring sound 
radiated from vibrating clarinet body (1, p. 1881).  

Acceleration levels measured on the body with a vibration 

meter were correlated with the sound radiated by the body, both 

for the artificially blown clarinet and for clarinets set into 

vibration with an attachment energized by a complex signal. The 

figures obtained were used to check other woodwind instruments.  

Results showed that the body sound should be at least thirty-seven 

decibels below the -normal sound for all instruments measured (1, p. 1881).  

The effect of non-rigid walls was checked by comparing tubes 

of brass and soft plastic blown on the embouchure, measuring the 

harmonic structure of the internal standing wave produced and the 

frequencies and efficiencies of the resonance modes. The differences 

were small. It was concluded that the vibrations of the walls of a
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woodwind instrument do not affect its steady tone either by radiating 

sound themselves or by affecting the harmonic structure of the 

internal standing wave (1, p. 1882).  

Three conclusions were reached by Backus: 

(1) The reed is the source of body vibrations; transmission 

of vibrations to the mouthpiece and consequently to the body of the 

horn did not occur at a level which could significantly affect the 

tone; 

(2) The wall material of a woodwind instrument has no effect 

on tone quality as shown by this study; 

(3) Differences in tone may be sound radiated from the player's 

face and interaction of the player's head and chest cavities with the 

rest of the vibrating system (1, p. 1887).  

Resonance Frequencies of the Clarinet 

The latest study by Backus, 1968 (2), presents the results 

of an investigation of resonance frequencies of the clarinet and their 

relationship to the harmonic structure of the internal standing wave 

of the instrument (2, p. 1273).  

Figure 5 shows a block diagram of equipment for automatically 

plotting resonance curves for the clarinet under external pressure 

excitation together with the positions of the harmonics of the lowest 

resonance (2, p. 1273).
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Fig. 5--Block diagram of equipment for automatically plotting 

resonance curves for the clarinet under external pressure excitation 

(2, p. 1273).  

Figure 6 shows a block diagram of equipment used to plot the 

harmonic structure of the mouthpiece pressure produced by sounding 

the clarinet.  

Backus employs a Stroboconn to measure pitch differences.  

Also noteworthy is the observation that a pre-amplifier is used to boost 

signals going from the microphone into the Panoramic Analyzer.
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Fig. 6--Block diagram of equipment to plot the harmonic 
structure of the mouthpiece pressure produced by sounding the 
clarinet (2, p. 1275).  

Resonances can be determined by an external excitation 

method (2, p. 1273). In order to measure resonances a microphone 

was sealed into a hole drilled through the wall of the mouthpiece, and 

the reed was closed down tightly against the mouthpiece lay. A 

driver energized by an oscillator and amplifier was mounted close 

to the open end of the clarinetIand set its air column into vibration.  

A second microphone mounted close to the open end of the clarinet 

measured the pressure amplitude of the excitation. The oscillator 

frequency was varied through the desired range and resonances were 

found by locating those frequencies for which the ratio of mouthpiece 

pressure to excitation pressure is at a maximum (2, p. 1273).
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Rationale for measurement of the harmonic structure of the 

internal standing wave was freedom from the difficulties of interference 

effects and unpredictable room resonances (2, p. 1273).  

Conclusions reached in the study included the following: 

(1) The full-length clarinet has a number of resonances, of 

which the first three have frequencies matching reasonably well the 

first three odd harmonics of the internal standing wave (2, p. 1280); 

(2) In testing a Selmer "Bundy" clarinet made of wood, it was 

found that the resonance frequencies lie below the harmonic frequencies 

of the lowest resonance by amounts that increase with harmonic 

number (2, p. 1277); 

(3) The absence of a second harmonic in the standing wave 

does not mean that there will be no second harmonic in the radiated 

sound; harmonics may perhaps be produced due to nonlinear effects 

at the tone holes (2, p. 1278); 

(4) From the notes d2 to g2, the even harmonics are about as 

important as the odd ones; in particular, the second harmonic, which 

is completely lacking in the lower register, is quite prominent in this 

register (2, p. 1279); 

(5) The harmonic structure of a given tone depends 

considerably on reed adjustments (2, p. 1279);
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(6) Tests on three Selmer "Bundy" clarinets, two wood and 

one plastic, of identical dimensions, and two Leblanc clarinets showed 

that the resonance curves as well as harmonic structure curves were 

remarkably similar (2, p. 1279); 

(7) The seventh harmonic showed the largest variation among 

the instruments (2, p. 1280); 

(8) When resonance and harmonic frequencies do not match, 

even harmonics result; this is particularly true when the resonance 

frequency lies closer to an even harmonic frequency (2, p. 1281); 

(9) The resonance curves for a given note on clarinets of 

different manufacture appear to be very much alike, whether wood or 

plastic (2, p. 1281).  

Background and Summary 

The clarinet has become the object of several scientific 

investigations. These investigations, however, did not begin until 

the twentieth century, some two hundred years after J. C. Denner's 

improvement on the chalumeau which he called a clarinet (8, p. 14).  

Efforts were made during this early period of the clarinet's 

existence to improve upon dimensions, mouthpieces, and the number 

of keys. Evidence that these early instruments produced various 

types of sounds is found in several sources. Mattheson remarks in
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Das neu-eroffnete Orchester that "The so-called chalameaux may be 

allowed to voice their somewhat howling symphony of an evening, 

perhaps in June or July and from a distance, but never in January 

at a serenade on the water [sic]" (8, p. 15). On the other hand, 

Dittersdorf uses the instrument in a Divertimento Notturno for violin, 

chalumeau, and two violas (8, p. 15). Surely the same instrument 

would not have been used by Dittersdorf had it the tone described by 

Mattheson. The point of this example is that clarinets have continually 

been made of different materials and with different dimensions.  

A good survey of materials used for clarinet bodies is 

presented by Kroll: 

Early clarinets were mainly of light-coloured 
boxwood (Buxus), sometimes pear or maplewood, or 
even of ivory. The brown cocus wood (Brya ebenus) 
was in vogue for a long time but is today used mainly 
for mouthpieces and bells because of its light weight.  
The most common material now is grenadilla, usually 
Dalbergia melanoxylon, which is naturally of a dark 
colour, often dyed black, though there is an occasional 
brown clarinet with gilded mechanism. Grenadilla 
is very heavy but impervious to moisture and changes 
in temperature. Clarinets of metal or ebonite for 

outdoor bands are quite unaffected by climatic conditions 

(8, p. 30).  

He also states the following concerning the tone of these various 

instruments: 

The material of a clarinet has much less 
influence on the tone than is usually imagined, 

because, despite a belief held by many clarinetists,
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the tube itself hardly vibrates at all, only the air 
column inside. The condition of the inner wall 
(smooth or rough), however, plays a considerable 
part (8, p. 30).  

Development of better techniques and a more thorough 

knowledge of the effect of bore size, cylinder shape, and tone 

hole cutting led critics to acknowledge the improvement in tone of 

the clarinet. This improvement seemed to come about rather quickly.  

In 1795, J. E. Altenburg wrote in his book Versuch einer Anleitung 

zur heroisch-Musikalischen Trompeter-und Pauker-Kunst, "The strident 

and piercing sound of this instrument is most useful in the military 

music of the infantry, and it sounds much better from afar than close 

to" (8, p. 24). Only sixty years later in Magazin musikalischer 

Tonwerkzeuge, H.W. von Gontershausen wrote, "In solemn hymn as in 

festive procession, in the concert as in the opera, and even in the military 

band, it plays the most brilliant part in that it usually represents the 

principal voice. It is the breadwinner of the itinerant musician and 

sweetens the lowly life of the solitary shepherd" (8, p. 23).  

The contemporary clarinet, with all its faults, represents 

many innovations. Gibson surveys the size of the cylindrical bore of 

the twentieth century clarinet: 

The soprano clarinet is currently available 
in the United States in basic cylindrical sizes (at 

the smallest point of the cylinder) of between 14.5 mm.  
(.571") and 15 mm. (.5901). Anthony Baines mentions
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clarinets with bores as large as 15.5 mm. (.610"), 

but it must be assumed that this figure refers to 
the bore at its largest and least characteristic point, 

the top of the barrel, or thereabouts. This writer 
has never measured a professionally tolerable B flat 
clarinet which had a cylindrical diameter of more than 
15 mm. in its smallest portion (7, p. 2).  

Gibson also projects the dimensions of the clarinet of the 

twenty- first century. Characteristics may be as follows: 

(1) a cylinder of between 14.6and 14.7 mm. (.575" to .579"), 

(2) a reversed cone effectively compromising the long straight

walled cone and the stair-stepped cylinder now most frequently used, 

(3) very minimal fraising of tone holes, excepting an unfraised 

c sharp-g sharp-high f vent placed as far down the tube as the center 

joint will allow, 

(4) a revival of the extended liner of the barrel joint for improved 

adjustability of pitch, and 

(5) a somewhat extended lower joint, with an uncovered e-b 

vent providing better control of these pitches (as in the Loree extended 

model oboe bell with additional venting on the low B flat (7, pp. 7-8).  

Acoustically, the clarinet is considered to act as a tube which 

is closed on one end and open at the other. Having the property of 

stopped organ pipes, the instrument produces fundamental notes one 

octave lower than conical tubes of the same length (8, p. 11).  

Because the clarinet overblows a twelfth, in order to fill out the twelfth
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chromatically, it requires at least eighteen tone holes, while an 

instrument which overblows an octave could manage with only eleven 

(8, p. 12).  

The principle of clarinet tone production is a coupled system 

with two vibrating components. The reed is strongly damped in its 

vibration because it is made of a wood and the player's lower lip 

further restrains movement. On the other hand, the vibrations of 

the air column inside the instrument, which varies in length according 

to the opening of holes and keys, are only slightly alterable by the 

reed and therefore determine the coupling frequency, i.e., the 

resulting tone is governed almost exclusively by the length of the 

air column and not by the very high natural frequency of the reed 

itself (8, p. 12).  

The tone of the clarinet, acoustically speaking, is 

theoretically composed only of odd partials. This phenomenon results 

from the cylindrical formation of the tube in which the air column 

vibrates. The tube, however, is not purely cylindrical (7, p. 2).  

Whether it is this factor or one of several other possibilities that 

produces the even partials which have been recorded in clarinet tone 

has been a matter for a good deal of research as well as speculation.  

Also under conjecture is the problem of whether or not body material 

makes any difference in the tone produced. The majority of clarinetists
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say that it does, and the majority of acousticians say that it does not.  

Perhaps Stubbins has the answer when he states, "Make an instrument 

of a very dense and heavy material, but somehow make it weightless, 

and the response of the player and his judgment would be quite 

different than otherwise" (15, p. 316). Benade agrees with Parker 

that the tone color of clarinets is independent of their wall material 

(5, p. 144). Backus states that the tone radiated does not necessarily 

have the same consistency as does the harmonic structure of the 

internal standing wave (2, p. 1278).  

A summary of research done in the field of clarinet tone 

acoustics shows the following statements to be in agreement in the 

majority of cases: 

(1) An acceptable clarinet tone is dominated by the presence 

of odd partials although in the higher registers even partials may play 

a stronger part in timbre; 

(2) Each of the characteristic ranges of the clarinet has 

definite acoustical properties concerning partial arrangement; 

(3) The respiratory tract has no effect on tone; 

(4) A louder tone is more intense with a greater number of 

partials; conversely a soft tone is almost devoid of any except the 

first two or three partials; 

(5) The reed has a great effect on the acoustic structure of
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tones produced; 

(6) Bore size, tone hole fraising, and tube shape are all 

important factors in tone; 

(7) The reed is a beating reed with a frequency much higher 

than the tone produced; 

(8) The material of which the tube is made makes no appreciable 

difference in tone produced: 

(9) Playing frequencies are below resonance frequencies by 

half a semitone; 

(10) The condition of the walls of the tube is a factor in tone.  

Still the difference remains and the question is not completely 

answered. A hint that there actually is a difference acoustically is 

given previously by Backus in his statement that radiated tone may 

not necessarily be of the same structure as that of the internal standing 

wave. It is hoped that this study will reveal new findings, substantiate 

old ones or at least reinforce some of the above statements.  

The major efforts in the area of clarinet tone acoustics have 

been presented. It may be seen that with improvement in equipment, 

certain things have been proven and/or disproven as stated by earlier 

studies. The techniques and equipment used in these projects have been 

studied and from them has been drawn the approach to the problem 

statement of this paper.
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CHAPTER III

DESIGN OF THE STUDY 

In order to obtain the most meaningful results from the analyses 

in this project an attempt was made to obtain the most up-to-date 

and efficient equipment . In the following pages is a discussion of 

the equipment used in the study, a description of the clarinets tested, 

rationale for the selection of performers, and the procedure used for 

testing.  

Equipment used in the Study 

The instrument used for tone analysis in this study was the 

Panoramic Sonic Analyzer, Model LP-1aZ, a device for determining 

the frequency-energy distribution of a signal or group of signals in 

the 20 Hz* to 22,500 Hz range. It is basically a super-heterodyne 

receiver which is automatically and repetitively tuned through-a desired 

frequency band, with the output displayed as vertical deflections of 

a cathode-ray tube beam along a calibrated horizontal axis of a cathode

ray tube screen. The horizontal sweep of the cathode-ray tube is 

*Hz, abbreviation for Hertz, is the contemporary nomenclature 
for cycles per second, e. g. 500 Hz is 500 cycles per second; KiloHz 
therefore represents thousands of cycles per second.
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related to the frequency sweep rate of the receiver, thus giving a 

visual indication of the frequencies and relative strengths of the 

signals present at the input.  

The simplified block diagram of Figure 7 shows only the basic 

stages necessary to illustrate the operation of spectrum analyzers in 

general.  

INPUT VARIABLE 

SIGNA: MIX ER BANDWID TH DE TE CTOR VRIAL 

AMPLIFIERS 

SWE PT SWEEP 
LOCAL GENERATOR C RT 

O S C IL L A T O R 
f 

_ i 

Fig. 7--Simplified block diagram, Spectrum Analyzer 

The output of the sweep generator sweeps the local oscillator 

between two chosen frequency limits. The signal from the swept local 

oscillator combines with the incoming signals in the mixer stage.  

The variable bandwidth intermediate-frequency amplifier is tuned 

to a given frequency, and will pass only signals of that frequency.

When the sum (or the difference, depending on design considerations) 

of the oscillator frequency and the incoming signal frequency is
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equal to the intermediate frequency, an output will appear at the 

intermediate-frequency stage. As the swept oscillator moves across 

its frequency range, it progressively heterodynes, in order of 

frequency with those signals present within the chosen limits, to 

produce the required intermediate-frequency. After passing through 

the intermediate-frequency amplifier the signals are detected and 

then amplified by the vertical amplifier to provide drive for the 

vertical plates of the cathode-ray tube, thereby causing vertical 

deflections of the cathode-ray beam.  

The same waveform that sweeps the local oscillator drives 

the horizontal plates of the cathode-ray tube, so that the movement 

of the spot across the screen bears a definite relationship to the 

swept local oscillator frequency. Therefore, each discrete frequency 

corresponds to a particular point along the horizontal axis of the 

cathode-ray tube screen.  

A laboratory instrument such as the Model LP-1aZ contains 

many more stages than those illustrated in Figure 7 to perform the 

specific functions required in actual use. The Model LP-laZ consists 

of a calibrated input attenuator, a phase splitter, a sweeping 

oscillator, a balanced modulator, variable-selectivity intermediate

frequency amplifiers, a detector, a vertical amplifier, a chathode

ray tube indicator, and associated sweep and selectivity-control circuits, 

and power supply.
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The Model LP-1aZ functions were increased by the addition 

of a Model C-2 Auxiliary unit. This addition allows slower scan rates, 

a greater number of sweep widths, greater selectivity, and more 

refined resolution of the spectrum analysis. This unit operates only 

on the linear scale.  

The Model 1560-P5 microphone, manufactured by General 

Radio, was used for transfer of tone directly to the input stage of 

the sonic analyzer. The microphone is a piezoelectric ceramic 

unit, whose characteristics closely approach those of a condensor 

microphone used as laboratory standard. The frequency response 

is shown in Figure 8 below.

Fig. 8--Typical random 
microphone.

response of Type 1560-P5

Data were recorded by means of a Hewlett-Packard Model 

197A oscilloscope camera. This camera has a 75 mm., f/1.9 

high transmission lens with aperture ranges from f/1.9 to f/16.
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The shutter is electronically operated and timed with complete 

solid-state circuitry. Shutter speeds are 1/30, 1/15, 1/8, 1/4, 

1/2, 1, 2, and 4 seconds. The camera back is a Polaroid which uses 

type 107 film.  

In order to keep a constant intensity level of tones produced 

on the clarinets, a General Radio Type 1551-C Sound Level Meter 

was incorporated into the analysis system. The microphone was 

installed into the connector on the Sound Level Meter and sound was 

fed through the meter and directly into the analyzer. In this manner 

it was possible to measure exactly the amplitude of the tone being 

produced. The C-Weighting was used on the meter to approximate 

the human hearing as closely as possible. The sound level meter 

has a sound-level range from twenty-four to 150 decibels and a 

frequency response of amplifiers and circuit from twenty Hz to 

twenty KiloHz.  

Selection of Clarinets 

Several factors influence the tone of the clarinet. It has been 

proven that bore size, tone hole cutting, and overall dimensions 

affect the tone quality in measurable amounts. With these variables 

in mind it was decided that clarinets of identical dimensions should 

be used for testing. The H & A Selmer Company was contacted and asked
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to loan two clarinets of identical bore size, length, tone hole location, 

and size for use in the study. Refer to Appendix A for letters of 

transmittal and a statement by the manufacturer to the effect that the 

instruments were of identical dimensions.  

Two "Bundy" clarinets were sent for testing. These instruments 

were new and had not been played previously. The wood clarinet, 

serial number 84136, was measured and found to have a bore size 

of .586 of an inch. The "Resonite " clarinet, serial number 560030, 

was measured and found to have a bore size of .586 of an inch also.  

After inspection, the bore surfaces were found to be of different textures, 

with the wood being rougher. It is well known that the condition of the 

bore affects the tone (2). The task of smoothing or polishing the bore 

was undertaken and the clarinets were then judged to be of almost 

identical dimensions. Both bores were between . 586 and . 587 of an inch, 

and all other factors were as close as possible.  

Selection of Performers 

An artificial embouchure was not considered for use in this 

study for two reasons: 

(1) Although the artificial embouchure is considered the 

most objective approach to tone analysis there are still variables 

which are a part of this method. The moistness of the reed has a
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damping effect on vibration and therefore without this factor, perhaps 

the resultant tone is not as objective as thought. The direction of 

the air introduced into the embouchure is also a variable. A broad 

stream of air will tend to darken the sound, while a narrow, concentrated 

stream will produce a set pitch and a certain amount of brightness in 

the tone; 

(2) The human variable should not be eliminated from this 

study. If it is possible to play instruments made of different 

materials with the same tone quality, then this penomenon should be 

noted. No actual proof, however, has been provided in the area of 

the effect of the player's physiological make-up on the tone produced.  

Parker and others state that the esophagus and respiratory tract have 

no effect on tone (5). Even so, there are still many parts of the body 

which interact while playing an instrument which have not been tested 

for their effect on tone.  

Ideally, every major clarinetist should be a performer on each 

of the test inst ruments and the results tabulated. For this study, 

however, five performers who were judged to be of professional 

capabilities were selected to do the testing. For statistics on each 

performer see Appendix C. The quantity of five was chosen for two 

reasons:

(1) availability of clarinetists, and
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(2) relativity of the study did not demand a large number of 

test subjects.  

Method of Testing 

All tests were made in the same environment with all factors 

controlled as best as possible. Each performer was given an 

opportunity to play the instruments briefly immediately preceding the 

tone analysis. He was then asked to sit in a fixed position with the 

bell of the clarinet twenty-four inches from and on a line with the 

microphone, which was pointed up from a horizontal plane at a 

forty-five degree angle. The distance of twenty-four inches was chosen 

to minimize the critical factor of movement of the clarinet on the 

partial structure of the tone. At a closer distance to the microphone 

it was found that movement of an inch in any direction greatly affected 

the partial analysis. In placing the microphone away from the instrument 

room resonance becomes more important. However, no attempt was 

made to measure resonance as all results were relative and were 

recorded under the same circumstances.  

Each performer was asked to play the tones with as good 

a sound as possible or as he usually played his own instrument. It 

was hoped that by using the performer's own mouthpiece, ligature, 

and reed, that each would be more accustomed to resistance, embouchure
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set, and other factors involved in playing. Although the mouthpiece 

and reed do have appreciable effects on tone, all the performers were 

judged as having a characteristic clarinet tone on their own instruments 

which should carry over to the test instruments. Types of mouthpieces, 

ligatures, and reeds used are shown in Table I below: 

TABLE I 

MOUTHPIECES, LIGATURES, AND REEDS USED BY THE 
FIVE PERFORMERS IN THE STUDY 

Perf.  
No. Mouthpiece Ligature Reed 

Cicero 
1 Kaspar 114 Bonade Hand Made 

Ann Arbor 
2 Kaspar 114 Bonade Vandoren MH 

Cicero 
3 Kaspar 114 Bonade Vandoren MH 

Cicero 
4 Kaspar 114 Lurie Vandoren MH 

Cicero 
5 Kaspar 113 Lurie Vandoren MHt

In order to control intensity level each performer was asked 

to read the Sound Level Meter dial and hold the tone steady at 

approximately ninety-two decibels with the C-Weight setting on the 

meter. Each was given at least two seconds to stabilize intensity 

level before the tone analysis was photographed by the oscilloscope 

camera. The variable of intensity level is extremely critical, as
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noted by McGinnis and others (4).  

The tones were analyzed in one second sweeps by the analyzer, 

the scan being from right to left, or 5000 Hz to zero on the linear scale 

and twenty KiloHz to forty Hz on the logarithmic scale. A one-second 

exposure was taken by the camera and recorded on Polaroid type 107 

film. Each picture was immediately developed and marked as to 

performer, clarinet, and note analyzed.  

The tones analyzed are shown as written pitches in Figure 9 

below: 

Fig. 9--Tones analyzed in the study 

Rationale for selection of these particular tones was that a 

representative cross-section of the clarinet range must be obtained.  

To analyze and photograph each tone in the chromatic scale for two 

instruments by five performers on each instrument would have been 

expensive, time-consuming, and unnecessary. If any differences 

would be apparent, these representations should show them (3).
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Instruments were alternated with each being swabbed after 

playing. Alternation was performed to reduce rapid rise in 

temperature of the instruments, which appears to have an effect on 

tone (1). The testing schedule was set up as follows: 

TABLE II 

TESTING SCHEDULE FOR THE CLARINETS

No.. Resonite Wood

By having each performer space his tone series, it was hoped that 

he would start each instrument in the same manner, i.e., not being 

warmed-up or having a tired embouchure. In general the tones were 

not held longer than eight seconds.  

The tones e, ci, gi, bi, and g2 were analyzed on the linear 

frequency scale for ease of reading. A sweep width from zero to 5000 Hz was

*Roman numerals indicate order of testing.

1 I* VI 

2 VII H 

3 III VIII 

4 Ix IV 

5 V x
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used with a logarithmic amplitude scale. Rationale for use of the 

linear frequency scale was to space the partials for closer analysis and 

to facilitate translation because of the greater number of partials present 

in the aforementioned pitches. The logarithmic amplitude scale (decibel) 

was used to determine relativity of partials to each other. For the 

tone c3, the logarithmic frequency scale was used in order to capture the 

higher frequencies of the upper partials. This tone also consists of fewer 

partials (4).  

Summary 

The design of the study was intended to minimize variance of 

control conditions. The clarinets which were selected for testing were 

of identical dimensions as stated by the manufacturer and made of 

different materials: one "Resonite" and one grenadilla wood. Tones 

were produced on the instruments by five performers of professional 

capabilities who were allowed to use their own mouthpiece, ligature, 

and reed. The notes studied were e, ci, gi, bi, g2, and c3 which 

represented each range of the clarinet. Analysis was done by means 

of a sonic analyzer and at a sound level of approximately ninety-two 

decibels with an intensity variation of + three decibels. The tones 

were analyzed and representative graphs were constructed. Chapter 

four is a discussion of the results.
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CHAPTER IV 

RESULTS OF TESTING 

Analyses of the tones of clarinets constructed of wood and 

"Resonite" (hereafter simply referred to as resonite, without 

capitalization and/or quotation marks) were made in an attempt to 

identify any similarities or differences in the partial spectrums.  

Analysis was simplified by the use of a spectrum analyzer with 

a cathode-ray tube. The screen of the tube was marked as shown 

in Figure 10.  
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Fig. 10--Screen of the sonic analyzer 
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Frequencies of partials were read on the horizontal scales 

at the top and bottom of the screen. For the tones e, ci, gi, bi, and 

g2, the linear frequency scale was used for analysis. Frequency markers 

are the vertical lines protruding above the graph and each represents 

ten percent of the total bandwidth setting of the analyzer. In this 

particular case, the analyzer was set for 5000 Hz linear scan, therefore 

each marker represented 500 Hz. For readings on the logarithmic 

scale, the frequencies are read on the scale at the bottom of the 

screen (log sweep frequency) when the machine is set for logarithmic 

analysis.  

Amplitude may be read on the vertical scales on either side 

of the screen. For this analysis the equipment was set for decibel 

readings (logarithmic amplitude) on the left side of the screen. The 

partials were then read in relation to each other.  

Figure 11 shows a fundamental tone with three overtones or 

harmonics present. When speaking in terms of partials, the fundamental 

is recognized as the first partial. The small pip at the left of the screen 

is known as the zero frequency pip and functions as a marker for zero 

Hz when calibrating the instrument. Anything to the left of this pip is 

to be disregarded as it is a "mirror" or reflection of the pips to the 

right. The disturbance at the far right end of the scale was caused 

by voltage fluctuation and has no effect on the functioning of the analyzer.



62

[ig. 11--Linear scale representation

The reading on the 5000 Hz linear scale for Figure 11 would 

be as follows: 

(1) first partial at about 450 Hz and approximately ten decibels 

above the next strongest partial, 

(2) second partial at approximately 950 Hz and fifteen decibels 

below the fundamental, 

(3) third partial at approximately 1300 Hz and three decibels 

above the second partial, and 

(4) fourth partial at approximately 1800 Hz and about five 

decibels down from the third partial.  

Figure 12 would be analyzed in the following manner on the 

logarithmic scale: 500 Hz pure tone or fundamental at least thirty-five
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decibels above any othbr partials which may be present further down 

in intensity.  

ME M 

II*IA 

F 1g. 12--Logarithmic scale representation 

In some cases during testing certain peculiarities were noted.

The calibration of the analyzer drifted a slight amount from time to 

time as the equipment warmed up. This factor was controlled by 

mathematically calculating the frequencies at which partials -,hould 

appear if present and adding the amount of drift. In this manner., it 

was possible to account for all partials even though they might not have 

shown in the photographs. These missing partials were averaged as 

a zero intensity level when computing t'he mean representation for each 

tone. Also, in almost all photographs, ghosts of previous sweeps by
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the analyzer of the tone being analyzed appeared as double exposures.  

These were sweeps one or two times previous to the one photographed 

and were of the same tone with the differences in partial intensity resulting 

from the player's adjustment to the Sound-Level Meter. In cases 

where two different traces showed incongruent intensity levels, the 

mean of the two was taken as the level for data processing.  

Representative spectrums were derived by averaging the 

intensity level of each partial by each performer for the tones chosen 

for analysis. A table devised for each tone on both instruments to 

record the data is shown in Figure 13.  

Partial 

1 2 3 4 5 6 7 8 9 10 11 12

E 

0.  

CL

Fig. 13--Table used for determining representative spectrums 

Each decibel marker on the cathode-ray tube screen was given an 

arbitrary number for arithmetic purposes and data were recorded in

~~~~~~~~~~ ~~ ~~~~-~~~-~~~~ ~ ~~~-~~~~~~ ~ -~~ ~~ ~~~~~~
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the proper column as to performer and partial number. After totaling, 

division of each sum by five was performed to obtain the mean intensity 

level for that particular partial. These averages were formulated 

into a representative partial spectrum for each tone tested with the 

resonite and wood clarinets.  

Comparison of Spectrums 

In the following pages, compArative representations for each 

tone by the wood and resonite clarinets will be graphed and annotated.  

Only the first twelve partials will be represented in the charts. No 

attempt will be made to- show the frequency of each partial. For the 

original spectrums, see Appendix B.  

Figures 14A and 14B show the computed partial spectrums for 

the note "e" as played by the resonite and wood clarinets.
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Fig. 14A--Spectrum for "el" with resonite clarinet
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Fig. 14B--Spectrum for "e" with wood clarinet 

In comparing the spectrums for the tone "e", it was noted that 

in both cases the first, third, fifth, and seventh partials predominate 

over the even partials by a minimum of ten decibels. The wood 

clarinet showed stronger second and fourth partials while the first, 

third, fifth, and seventh were of approximately the same intensity 

level for both instruments. The largest difference recorded for these 

tones was in the fourth partial where the resonite clarinet showed 

an intensity level fifteen decibels lower than the wood clarinet.  

The other major difference in spectrums was in the partials 

from eight through twelve. The wood clarinet consistently showed 

stronger even partials and weaker odd partials excepting the twelfth 

which was almost identical with the resonite clarinets. The largest
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difference in this group showed in the eighth partial where the resonite 

was ten decibels below the wood.  

In general, this representation shows the resonite clarinet 

to have a more characteristic spectrum for this particular note than 

the wood clarinet. As McGinnis and others have stated, the odd partials 

predominate in the chalumeau register and the spectrum for the 

resonite clarinet agrees with this statement (2).  

Predominance of odd partials characterizes the spectrums for 

the tone "c1" as played with the two clarinets. Figures 15A and 15B 

show the computed representations for these tones.
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Fig. 15A--Spectrum for "ci" with resonite clarinet
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Fig. 15B--Spectrum for "c1 with wood clarinet 

Although the even partials are present in the tones of both clarinets, 

they range from fifteen to thirty-five decibels below the fundamental.  

Relative amplitude of the first, third, fifth, seventh, and ninth partials 

to each other is almost identical in both spectrums. The resonite 

clarinet showed less second partial but only by approximately five 

decibels which is negligible in terms of the relativity of this study.  

The eighth and tenth partials were higher in intensity in the wood 

clarinet while the resonite showed stronger eleventh and twelfth partials.  

Noteworthy is the observation that the resonite clarinet showed 

the sixth, eighth, tenth, and twelfth partials all to be approximately 

twenty to twenty-two decibels below the fundamental,. In both clarinets 

the odd partials decreased in amplitude by approximately the same amount
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as the higher even partials gained intensity. Had the analysis been 

carried out to the twentieth partial, a cross of the lines of intensity 

of the odd and even partials may have occurred with the even numbers 

dominating in the higher frequencies.  

Again, the resonite had the more characteristic tone with 

the dominance of odd over even partials. The wood clarinet had this 

characteristic except for the stronger eighth and tenth partials.  

The growing strength of even partials in the tone seemed to 

be evident in the spectrums for the note "gl1 " as shown in Figures 

16A and 16B.
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Fig. 16A--Spectrum for "gi" with resonite clarinet
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Fig. 16B--Spectrum for "gi" with wood clarinet 

Although the first, third, fifth, and seventh partials are at least 

ten to fifteen decibels stronger than the even partials, the second, 

fourth, and sixth play an important role in the timbre. Both clarinets 

showed a remarkable similarity in partial strength in numbers one 

through six.  

The seventh partial in the tone of the resonite.-clarinet is 

about eight decibels stronger than that of the wood clarinet. Partials 

eight through twelve showed a remarkable similarity as did numbers 

one through six. Numbers eight, nine, and ten in both clarinets 

showed an intensity level of approximately seventeen decibels below 

the fundamental.  

This note was the most consistent of those tested in the study.
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The analyzer showed less fluctuation in embouchure and breath support 

than for any of the other tones. In general, the spectrums for both 

clarinets for the note "g1i" were very similar.  

Figures 17A and 17B show the graphs for the note "bi".
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Fig. 17A--Spectrum for "b1" with resonite clarinet
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17B--Spectrum for "bi" with wood clarinet
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The only tone which revealed a major difference in the spectrums 

for the two clArinets was "b1". The fundamental was fifteen decibels 

above the third partial which was next in prominence for both instruments.  

The first, second, sixth, seventh, and eighth partials were approximately 

the same level for both instruments. The resonite clarinet showed 

the third, fourth, and fifth partials to be below those of the wood 

clarinet, but in small amounts.  

The major difference in the tones lies in the eleventh and 

twelfth partials. The resonite clarinet's tone showed no trace of either 

partial while the wood clarinet produced partials which were forty 

decibels and twenty decibels respectively below the fundamental.  

The eighth and ninth partials appeared to be stronger in the tone of 

the wood clarinet but not to the amount which would be of note.  

Both instruments showed similar intensity levels for the sixth, 

seventh, and eighth partials, or about twenty-five decibels below the 

fundamentals for the tones.  

The even partials began to play an even more important role in 

the tone in both cases; however, the first and third partials still held 

the dominant parts.  

Figures 18A and 18B show the almost identical partial spectrums 

for the note "g2". The only difference shows in the intensity level of 

the sixth partial with the wood clarinet's tone being five decibels above
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that of the resonite. This amount is negligible in the relativity of this 

study.
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Fig.o 18A--Spectrum for "g2"' with resonite clarinet 
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Fig. 18B--Spectrum for "g2" with wood clarinet
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The dominant partials are the first and third with the fourth, 

fifth, and eighth being twenty decibels below the fundamental and of 

equal intensity. The second partial is relatively st rong in this tone, 

being less than ten decibels below the third partial.  

Most noticeable, perhaps, is the reduction in intensity of the 

previously strong seventh partial. This particular partial seemed to 

have the greatest amount of fluctuation as has been noted by Backus 

and others (1).  

Figures 19A and 19B show the spectrums for the tones of both 

clarinets playing "c3". This highest note tested appeared to consist 

of only six partials. A more sensitive setting on the analyzer, however, 

would have undoubtedly discovered more partials.
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Fig. 19A--Spectrum for "fc3"' with resonite clarinet
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Fig. 19B--Spectrum for "c3" with wood clarinet 

The importance of these lesser partials would have been doubtful 

since the logarithmic frequency scale was used for this analysis and 

any partials appearing would have been at least forty decibels below 

the fundamental..  

The similarity in spectrums is quite marked with only a slight 

variation in the intensity levels of the third and fourth partials. This 

difference showed not more than three or four decibels, however, and was 

judged to be of doubtful value.  

The seventh partial disappeared completely in this tone and 

the fourth and sixth partials are equally eight to ten decibels above 

the previously dominant fifth partial.  

In this case, for the first time in the study, the second partial
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was second in intensiy only to the fundamental. The dominance of the 

even partials, excepting the fundamental, agrees with McGinnis in his 

study when he states that the higher tones consist of even partials 

with stronger intensity than the odd partials (2).  

Summary 

The results of the study showed marked resemblance between 

representative spectrums for both clarinets. In two instances, however, 

slight variation in the graphs was observed. The note "e" as produced 

by the wood clarinet showed a marked difference in the intensity level 

of the fourth partial. Whether this difference may be attributed to the 

body material, or to some slight but significant dimensional variation 

was not determined. Since this note is a bell note, it may be assumed 

that slight differences in bore and particularly bell shape and position 

may account for the variation in tonal spectrums. Also, the note "bl" 

showed eleventh and twelfth partials in the tone of the wood clarinet which 

were not present in the tone of the resonite clarinet. The same reasoning 

for this phenomenon may be applied as it was for the difference in the 

note "e"l. Generally, the results were that the spectrums for both 

instruments were, acoustically speaking, remarkably similar.
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CHAPTER V

SUMMARY 

The purpose of this study was to compare the acoustical 

structures of tones produced by clarinets constructed of different 

materials. Analysis of the problem led to subordinate questions, 

or sub-problems, which were the following: 

(1) How would the clarinets be selected for testing? 

(2) How would the comparison of tonal spectrums be made? 

(3) What were the similarities and differences apparent in the 

tonal spectrums? 

The clarinets which were selected for testing were of identical 

dimensions as stated by the manufacturer, and were made of different 

materials, being of resonite and grenadilla wood respectively. Tones 

were produced on the instruments by five performers of professional 

capabilities who were allowed to use their own mouthpiece, ligature, and 

reed. The notes studied were e, ci, gi, bi, g2, and c3, which represented 

each range of the clarinet. Analysis was done by means of a sonic analyzer 

and at a sound level of approximately 92 decibels with an intensity variation 

of-.. 3 decibels. A representative analysis of each tone played with the 

resonite clarinet was derived by calculating the mean intensity for each
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partial, up to the twelfth, and graphing the results. The same 

procedure was followed for the wood clarinet. These representative 

graphs were then compared to determine the similarities and differences 

in acoustical structures.  

Conclusions may be drawn from a study in many different ways.  

Since the purpose of this study was not to prove a hypothesis, it would 

therefore seem logical at this point to compare the findings to those 

of previous studies. In the following statements, which are concerned 

with the results of previous studies, an attempt will be made to validate 

current results by reinforcing those of other major efforts in this 

particular area.  

Only those statements which are pertinent to the purpose of 

this paper will be listed below. For a complete summary of observations 

which appear to concur in most of the earlier research projects, see 

page 43.  

(1) It has been found previously that an acceptable clarinet 

tone is dominated by the presence of odd-numbered partials, although 

in the higher registers even-numbered partials may play a stronger 

part in timbre (3). In this study, as shown in Appendix B as well as 

in the representative graphs in Chapter IV, the odd partials dominated 

the tones of both clarinets except in the case of c3, which agrees 

completely with the results of previous projects.



80

(2) Each of the characteristic ranges of the clarinet has 

definite acoustical properties concerning partial arrangement (1).  

The results of this project agree with this statement. As each range 

was tested, a definite characteristic pattern could be seen for the 

resultant partial structure (See Appendix B or Chapter IV).  

(3) Earlier studies have agreed that a louder tone is more 

intense with a greater number of partials. Conversely, a soft tone 

is almost devoid of any except the first two or three partials (1).  

Prior to beginning analysis for this project, preliminary tests were 

made to determine an optimum level for analysis. It was found that 

the louder tones, ninety decibels or more, were more suited for testing 

because of the presence of a greater number of partials (See page 55).  

(4) Gibson and others state that bore size, tone hole fraising, 

and tube condition and shape are all important factors in tone (2).  

In order to minimize these variables, clarinets of closely identical 

dimensions were obtained for testing. It was found that the wood clarinet 

had a rougher bore surface than the "Resonite'" clarinet. Preliminary 

tests were made with the bore surfaces in different conditions. The 

bore surface of the wood clarinet was then polished and analysis was 

again made of the tones of both clarinets. It was evident from the 

marked adjustment of the partialrspectrum,. for the wood clarinet that 

this element was a factor which could have had an effect on the outcome
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of this study.  

(5) In almost every previous study it has been stated that the 

material of which the clarinet body is made makes no appreciable 

difference in the tone produced (4). The results of this study concur 

with this statement. In two instances, however, slight variation in the 

representative spectrums was observed. The note "e" as produced by 

the wood clarinet showed a marked difference in the intensity level 

of the fourth partial. Whether this difference may be attributed to the 

body material, or to some slight but significant dimensional variation 

was not determined. Since this note is a bell note, it may be assumed 

that slight differences in bore and bell shape and position may account 

for the variation in tonal spectrums. Also, the note "b1" showed 

eleventh and twelfth partials in the tone of the wood clarinet which were 

not present in the tone of the resonite clarinet. The same reasoning 

for this phenomenon may be applied as it was for the difference in 

the note "e". Generally, the results were that the spectrums for both 

instruments were, acoustically speaking, remarkably similar.  

The previous statements have also been conclusions of other 

studies. As shown above, the findings of the present study concur in 

almost every respect.  

A recommendation drawn from this study is for further research 

to be done concerning the psycho-acoustical and psychological effects
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of the instrument upon the performer. To be objective, as a clarinetist, 

about the effect of body material on tone is very difficult. The ear 

seems to be more accurate than analysis equipment of the highest 

degree. No clarinets made of synthetitcmaterials are in use today 

in professional situations. Perhaps the subjective scope of this aspect 

of clarinet playing is to be approached from a different view (other than 

objective analysis). In any case, the answer to the question of whether 

or not there is really any difference in the tones of clarinets made of 

different materials is apparently left unsolved because of the 

contradiction in subjective and objective viewpoints.  

All studies done in the field of musical objectivity, if it may 

be called that, are valuable for various reasons. Application of 

research in musical acoustics to music education is of prime importance 

to the teacher. A fuller understanding of actions, interactions, and 

reactions is invaluable in a teaching situation. Several studies have 

been undertaken to incorporate analytical equipment into the teaching 

environment (5). This area leaves much room for further investigations 

into the possibility of greater advances in the teaching and total 

understanding of music.
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Department of Music 
North Texas State University 
Denton, Texas 76201 
June 10, 1969 

Mr. Phil Holcomb 
Assistant Dealer Service Manager 
Educational Division 
H & A Selmer 
Box 310 
Elkhart, Indiana 

Mr. Holcomb: 

As you may know, at North Texas State University many studies are being 
conducted concerning the acoustics of clarinet tones. We have at our dis
posal several types of sound analysis equipment as well as the expert 
guidance of persons such as Dr. Lee Gibson, who has done a great amount 
of research in this particular field.  

As a graduate research project, I have undertaken a study which involves 
the comparison of tones of clarinets constructed of different materials.  
Realizing that similar studies have been done, I feel that with newer equip
ment and improved techniques of analyzing tone quality, more definite con
clusions may be reached.  

In order to proceed with this project I need the following: 

1. Two clarinets of identical dimensions (or as close as possible) 
a. One clarinet of resonite 
b. One clarinet of grenadilla wood 

2. A statement by the manufacturer to the effect that the clarinets 
are identical in dimension (or as close as possible) 

As would be expected, the clarinets (for which we would take the responsibility) 
would be well cared for and returned to you in excellent condition. You would 
also receive due credit in this study.  

It is extremely urgent that this project be completed no later than July 15, 1969.  
Likewise, it is extremely urgent that we hear from you on this matter by 
June 15.  

Respectfully,
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H.&A.*SELMER,INC. BOX 310 ELKHART, INDIANA 46514 AREA 219 264-4141 

SELMER, SIGNET, BUNDY, BACH, BUESCHER AND LESHER BAND INSTRUMENTS

Mr. R. Wayne Bennett 
Department of Music 
North Texas State University 
Denton, Texas 76201

June 19, 1969

Dear Mr. Bennett: 

Thank you for your recent letter requesting our prod

uct participation for your studies concerning the 

acoustics of clarinet tones. It is our privilege to 

be of service.  

Under separate mail you have been sent one No.1310 

Bundy Grenadilla Wood Clarinet outfit and one No.1400 

Bundy Resonite Clarinet outfit. These were mailed on 

June 16.  

These two instruments are the same dimensions--bore, 

length, tone hole locations and size. We do hope these 

arrive in time for your studies.  

If there is anything else that we might do to be of 

service, please let us know.

Cordially yours, 

PJHolcomb:h Ass't Promotion Manager 
Bue s cher-Bach-Lesher 

A."
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PHOTOGRAPHS OF TONAL SPECTRUMS
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APPENDIX C 

STATISTICS ON PERFORMERS
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PERFORMER NUMBER 1

Name Oscar Lee Gibson 

Age 52 

Present Position Clarinet Professor at North Texas State University 

Playing Experience Eastman Symphony, Ft. Worth Symnphony 

Mouthpiece used During Testing Cicero Kaspar 

Reed used for testing Hand made 

Clarinet usually played Buffet
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PERFORMER NUMBER 2

Name Richard A. Shanley 

Age 29 

Present Position Graduate Assistant in Clarinet at North Texas State 

Playing Experience El Paso and Fort Worth Symphonies 

Mouthpiece used during testing Frank L. Kaspar 

Reed used during testing Vandoren 31/2 - 4 

Clarinet Usually Played Buffet
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PERFORMER NUMBER 3

Name Wayne Bennett 

Age 22 

Present Position Graduate Assistant in Clarinet at North Texas State 

Playing Experience Soloist - University Band and Symphony 

Mouthpiece used during testing Cicero Kaspar 

Reed used during testing Vandoren 3 1/2 to 4 

Clarinet usually played Buffet
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PERFORMER NUMBER 4

Name Jno L. Hunt 

Age 22 

Present Position Clarinet Tutor at North Texas State University 

Playing Experience Cedar Rapids Symphony, University Symphony 

Mouthpiece used during testing Cicero Kaspar 

Reed used during testing Vandoren 3 1/2 

Clarinet usually played Buffet
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PERFORMER NUMBER 5

Name W. Jack Newton 

Age 36 

Present Position Clarinet Instructor at Appalachian State Univ.  

Playing Experience Faculty Ensemble, Some Professional Experience 

Mouthpiece used during testing Kaspar 

Reed used during testing Vandoren 3 1/2 

Clarinet Usually Played Buffet
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APPENDIX D

FORMANT THEORY 

The Formant Theory of timbre states that each instrument 

has a fixed frequency region or regions in which harmonics are 

prominent, regardless of the frequency of the fundamental. This 

region is called a formant.
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APPENDIX E

HARMONIC THEORY 

The Harmonic Theory states that each instrument has a spectrum, 

characterized by a particular harmonic structure which ideally would 

be the same for each note of the instrument.
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