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The purpose of this study was to compare major theories

of laryngeal vibration. The basic hypothesis of the study

was that the differences and similarities between the major

theories of laryngeal vibration could be made evident and

clear through a comparative study. It was assumed that there

are two or more theories of laryngeal vibration and that all

the major theories of laryngeal vibration from 1945 to the

present have been described in written form in English.

Before the comparison could begin it was necessary to

determine the major theories of laryngeal vibration. To

obtain the information needed materials were collected from

all available books articles, dissertations, theses, and

reports dealing with the larynx, laryngeal functions, and

phonation.

The collected data was analyzed, and it was determined

that the myoelastic-aerodynamic theory, with eighty-three

authors in its support, was the most widely accepted theory

of laryngeal vibration. The next most widely accepted

theories were the aerodynamic theory with twenty-five

proponents, the myoelastic theory with thirteen proponents,

and the neurochronaxic theory with thirteen proponents. The
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vortex theory and the sinus tone production theory were

each propounded by one author. The "puff" theory had no

written support since 1945. Analogies between the voice

and instruments were usually used as illustrations of one

of the other theories of laryngeal vibration, rather than as

theories themselves.

It was concluded that the myoelastic-aerodynamic, the

aerodynamic, the myoelastic, and the neurochronaxic theories

are the major theories of laryngeal vibration. These four

theories were then compared to determine similarities and

differences.

As a result of this study, the following similarities

have been established among the four major theories of

laryngeal vibration:

1. The larynx is the "organ of voice" in human beings.

2. The point of inception of vocal tone is the

vibratory activity of the vocal folds.

3. The vibrations produced at the larynx are in the form

of a periodic oscillating sound wave resulting from the rapid

rhythmic motion back and forth of the vocal folds.

4. The vocal folds generate the fundamental pitch and

harmonic overtones.

5. The resonating cavities are important to phonation.

6. Frequency increases as the pitch becomes higher.

7. Frequency decreases as the pitch becomes lower.
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8. Length, tension, and mass of the vocal folds vary

as pitch varies.

9. The brain must give the "command" to sing or speak

before the phonatory process can begin.

The following differences have been established:

1. The neurochronaxic theory does not consider air

pressure to be necessary for laryngeal vibration.

2. The myoelastic-aerodynamic, the aerodynamic, and

the myoelastic theories consider air pressure necessary.

3. Of primary importance to the myoelastic-aerodynamic

theory are the interdependent factors of muscular elasticity,

tension, length, and mass, and air flow, including its effects.

4. Of primary importance to the aerodynamic theory is

air flow and its effects, including the Bernoulli effect.

5. Of primary importance to the myoelastic theory are

the muscular aspects of phonation.

6. Of primary importance to the neurochronaxic theory

is the chronaxy of the recurrent nerve with the neural

impulses causing laryngeal vibration.



PREFACE

"In no other field of pedagogy does there seem to be

so much confusion and lack of definitive thinking as to

what constitutes fundamental principles, as in the teaching

of singing."' Although many colleges have included a

course in vocal pedagogy as part of their curriculum "there

seems to be little or no uniformity in the requirements .,2

Of course, vocal pedagogy is a relatively new subject, and

"it has not, as yet, come of age." It is still in the

"formative process. "3

An important element of vocal pedagogy is scientific

knowledge concerning the voice. Scientific knowledge may

not"radically change a voice," but if the concept is clear,

it will help the student acquire assurance, "which is truly

a necessity" for good singing.4 "A student should not be

overburdened with scientific knowledge, but for the same to

be withheld is unfair, if the teacher possesses the informa-

5tion." But, what if the teacher does not possess the

lAllan Rogers Lindquest, "An Axiom for Vocal Pedagogy,"
The NATS Bulletin, XI (May, 1955), 3.

2Weldon Whitlock, "Modern Vocal Pedagogy," The NATS
Bulletin, XXVI (December, 1969), 11.

3 Ibid.

4 Anna Wollman, "Empirical Method Versus the Scientific,"
The NATS Bulletin, IX (March/April, 1953), 20.

5 Ibid.
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information? Are voice teachers aware of scientific know-

ledge regarding the voice and its function?

Michael Sells states:

I would like to submit that the main
problem of vocal pedagogy today is the lack
of desire on the part of a large number of
voice teachers to equip themselves with more
than a superficial knowledge of the voice and
its function. Consequently, we ignore many
of the useful results of voice research . . . .
I certainly do not wish to imply . . . that
all voice teachers should rush to the labora-
tory to do research, but we should at least,
as a body, encourage scientific researgh and
avail ourselves of its useful results.

The art of teaching voice and the scientific laws

governing the art of singing "go hand in hand. "7 In fact,

"it is now generally agreed that the teaching of all axt

is based upon science." "The art of the singer depends

upon a knowledge of fundamental principles whose formulation

9
is the work of the vocal scientist." In recent years voice

science and vocal pedagogy as well as the closely related

sciences of physiology, laryngology, acoustics, and

psychology have been "greatly clarified by research and

6Michael Sells, "Modern Vocal Pedagogy: An Alterna-
tive," The NATS Bulletin, XXVII (October, 1970), 35, 50.

7 Richard De Young, "Vocal Pedagogy, Scientific or
Empirical," The NATS Bulletin, X (May, 1954), 18.

8 Victor Alexander Fields, Training the Singing Voice
(New York, 1947), p. 8.

9 Ibid., p. 9.
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experience."10 "Not all of us are or ever care to become

active voice scientists, but we all must be willing to

keep up with the useful results of serious research."1

The voice teacher's awareness and knowledge of scientific

laws, theories, and research results concerning the voice

make him a more reliable authority that a student can

follow with confidence.

No study has been completed which compares concepts

and theories pertaining to the voice and vocal pedagogy

since Fields' Training the Singing Voice, published in 1947,

which covered concepts over a fifteen year period ending in

1945. He analyzed 463 views of phonation listing many

opposing ideas. Fields states, "Even the fact that voice

originates in the larynx is in dispute."12 In recent years

technological advances and research involving laryngeal

functions have added to available scientific information

about the voice. In addition, many thoughts and opinions

regarding the voice have been published since the Fields'

book. A comparative study of iajor theories of laryngeal

vibration will make available recent ideas (from 1945 to

the present). Similarities and differences can thus be

10 De Young, "Vocal Pedagogy, Scientific or Empirical,"
p. 18.

11 Sells, "Modern Vocal Pedagogy: An Alternative,"
p. 50.

12 Fields, Training the Singing Voice, p. 122.
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readily seen. It is hoped the study will provide a better

understanding of laryngeal vibration which will be useful

to persons of the voice teaching profession.

vi
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CHAPTER I

STATEMENT OF THE PROBLEM

Problem Statement

The purpose of this study was to compare major theories

of laryngeal vibration.

Sub-Problems

Analysis of the problem statement led to several sub-

problems, stated as follows:

1. What theories of laryngeal vibration can be con-

sidered as major and accepted present-day theories?

2. In which ways are these major theories alike or

similar with regard to aerodynamic views, myoelastic

concepts, neurochronaxic ideas, and vortex opinions?

3. In which ways are these theories different or

dissimilar with regard to aerodynamic views, myoelastic

concepts, neurochronaxic ideas, and vortex opinions?

Definition of Terms

There are several key terms used in this report that

need definition:

1. The term laryngeal vibration refers to the oscilla-

tion, the rapid rhythmic motion back and forth, of the vocal

folds, or vocal cords, of the larynx in the act of phonation.

1
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2. The term major theories refers to principal

leading premises and assertions that serve as bases of

general ideas, principles, and formulas offered to explain

phenomena, rendered more or less plausible by evidence in

the facts or by the exactness and relevancy of the reason-

ing, including:

a. The term aerodynamic views, which refers to

scientific principles "having to do with air in motion,

and its mechanical effects."1

b. The term myoelastic concepts, which refers to

the aspects of laryngeal function "having to do with

the elasticity of muscles."2

c. The term neurochronaxic ideas,which, for the

purpose of this study, refers to theories that "motor

impulses from the central nervous system cause rhythmic

contractions of the thyroarytenoid muscles producing

3the vibrations requisite for any given tone."

d. The term vortex opinions, which refers to the

theories that the vocal folds produce eddy (vortex)

4
currents of air, "one eddy at each complete vibration."

lWilliam Vennard, Singing, the Mechanism and the Technic
(New York, 1967), p. 244.

2 Ibid., p. 240.

3 Ralph Appelman, The Science of Vocal Pedagogy (Bloom-
ington, Indiana, 1967), pp. 61-62.

4 Victor Alexander Fields, Training the Singing Voice
(New York, 1947), p. 102.
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e. The term analogies between the voice and

instruments, which, for the purpose of this study,

refers to explanation of laryngeal vibration by com-

parison of laryngeal function with the function of a

specific group of instruments such as the string, the

wind, the reed, or the brass instruments.

3. The term accepted present-day theories for the

purpose of this study refers to those ideas offered from

1945 to the present explaining laryngeal vibration which

are generally considered as plausible by contemporary author-

ities who have written their views.

Delimitations

The research was delimited as follows:

1. The study included only a comparison of major and

accepted present-day theories of laryngeal vibration de-

scribed in written form in English.

2. Theories of closely related factors such as tone,

resonance, and vocal registration were not included in this

study.

Basic Hypothesis

The basic hypothesis of this study was that the dif-

ferences and similarities between the various theories of

laryngeal vibration could be made evident and clear through

a comparative study.
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Basic Assumptions

The following assumptions were basic to the study:

1. One basic assumption of this study was that there

are two or more theories of laryngeal vibration.

2. Another basic assumption of this study was that all

major theories of laryngeal vibration have been described

in written form.

Methodology

The materials for this study were collected by means

of library research from all available books, articles,

dissertations, theses, and reports dealing with the larynx,

laryngeal functions, and phonation. The major effort of

the research was to collect data on all theories of laryngeal

vibration described in written form in English from 1945 to

the present. The literature thus included not only works

in the field of vocal pedagogy, but also in the fields of

voice science, phonology, linguistics, biolinguistics,

anatomy, physiology, and laryngology. The collected data

was analyzed to determine which theories were major and

accepted. The major theories of laryngeal vibration were

then compared to establish both similarities and differences.

Plan of This Report

Chapter I is concerned with the statement of the prob-

lem. Categories involved are the problem statement,
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sub-problems, definition of terms, delimitations, basic

hypothesis, basic assumptions, methodology, and plan of

this report.

Background for the study is the subject of Chapter II.

The first section pertains to the evolution of the larynx.

The second section deals with the origin of speech and song

in man. The third section relates theories of phonation

from antiquity to Manuel Garcia's invention of the laryngo-

scope. The invention of the laryngoscope is discussed in

the fourth section, and the fifth section deals with theories

of phonation from the invention of the laryngoscope to 1945.

Methods by which research concerning voice production has

been conducted since the invention of the laryngoscope are

discussed in the final section.

Theories of laryngeal vibration which have been

described in written form from 1945 to the present are

treated in Chapter III. Special areas for consideration

include neurochronaxic ideas, myoelastic concepts, aero-

dynamic theories, myoelastic-aerodynamic aspects, vortex

opinions, "puff" theories, sinus tone production theories,

and analogies between the voice and instruments. From the

data presented a conclusion is drawn as to which theories

are major and accepted theories of laryngeal vibration.

A comparison of the major theories of laryngeal vibra-

tion is presented in Chapter IV. Ways in which the theories
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are alike, or similar, as well as ways in which they are

different, or dissimilar, are discussed.

Chapter V contains a summary of this report and

conclusions resulting from the study.



CHAPTER II

BACKGROUND FOR THE STUDY

Several related topics are important to an understand-

ing of this study These topics are the evolution of the

larynx, the origin of speech and song in man, theories of

phonation from the ancient Greeks to Manuel Garcia's inven-

tion of the laryngoscope, theories from the time of this

important invention to 1945, and methods by which research

involving laryngeal functions has been conducted from the

invention of the laryngoscope to the present day.

The anatomy and physiology of the larynx will not be

included as part of the background. Diehl, Dickson, Gray,

Negus, Pressman, and Sobotta are among the principal

authorities on this subject. Some of their major works are

mentioned in the bibliography.

The Evolution of the Larynx

The larynx, often called the organ of voice, is a muscu-

locartilaginous valve with a mucous membrane lining which

connects the top-most ring cartilage of the trachea with the

pharynx at the upper forepart of the neck, forming the

inferior part of the anterior wall of the pharynx. It

produces a projection at the mid-line of the neck called the

7
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Adam's apple. The vertical extent of the larynx corresponds

to the fourth, fifth, and sixth cervical vertebra.

Science recognizes the larynx as an organ used firstly

to aid man in breathing, eating, and working.3 In addition

to its biological functions, the larynx is also "the source

of sound in many animals," particularly mammals..4

The processes of respiration, phonation, resonance, and

articulation in man make use of the tract which includes all

of the physiological airway and parts of the physiological

foodway. This tract, which consists of a series of cavities,

includes the nose, the mouth, the nasopharynx, the oropharynx,

the laryngopharynx, the larynx, the trachea, the bronchi, and

the lungs. The other cavities used in eating do not directly

concern this study. 5

Phylogenetically, the larynx developed as a protective

sphincteric valve against the invasion of food, water, or

lVictor A. Fields, The Singer's Glossary (Boston, 1952),
p. 32.

2Henry Gray, Anatomy of the Human Body, 28th ed. (Phila-
delphia, 1968), p. 1125.

3 Peter B. Denes and Elliot N. Pinson, The Speech Chain
(Baltimore, 1963), p. 41.

4Victor E. Negus, The Comparative Anatomy and Physiology
of the Larynx (New York, 1962), p. 131.

5 Lyman S. Judson and Andrew T. Weaver, Voice Science
(New York, 1965), p. xix.
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6,7
foreign particles into the lungs. When life began to

emerge from an aquatic, or "hydrosphere," environment to

dry land, a change in respiration was necessary.8 Fish,

breathing with gills, could only leave the water for short

periods of time. Certain species evolved modifications

which allowed a longer stay to be made on dry land. For

example, the climbing perch (Anabas scandens) has a respira-

tory "diverticulum" lying above its gills which allows the

fish to leave water and travel by means of its fins in search
9

of food. In the floor of the fish's pharynx is a valvular

orifice which is surrounded by a circular band of muscle.

This muscular sphincter remains closed when the fish is in

water. When out of the water the sphincter relaxes and

allows the fish to force air into the lung by a gulping and

10
swallowing movement.

In the South American lung fish, also called the Amazon

mud fish (Lepidosiren), there is a similar sphincteric valve

which "resembles the crico-pharyngeal sphincter at the mouth

6 Charles Diehl, Introduction to the Anatomy and Physi-
ology of the Speech Mechanisms (Springfield, Ill., 1968),
p. 104.

7Donald H. Ecroyd, Voice and Articulation (Glenview, Ill.,
1966), p. 3.

8 Judson and Weaver, Voice Science, p. xix.

9Negus, Anatomy and Physiology of the Larynx, p. 1.
10 Ibid., p. 5.
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of the esophagus" in man. This protective valve is a

primitive larynx, and its purpose, like the larynx of man,

is to prevent the entrance of water or other harmful sub-

stances into the lungs. This simple primitive larynx was

not developed for sound production, but it would, by the

mechanism of constricting the airway, be entirely capable

of producing sound by the same principles that apply when

sound results from air escaping through the constricted neck

of a balloon.12 Stages in the evolution of the human larynx

can be seen in comparison with these primitive fish larynges.

"A reconstruction of the human embryo of 5 mm. shows a slit

in the pharyngeal floor, much like that of the lung fish."1 3

The next evolutionary stage of the larynx is illustrated

by the development of simple fibres, derived from the muscu-

lature of the pharyngeal floor, to pull the margins of the

glottis open. An example is the larynx of the African mud

fish (Protopterus) .14

The next modification is the development of lateral

cartilages for the attachment of the muscles, whereby the

pull on the margins of the glottis is facilitated. A ,

1 1 Negus, Anatomy and Physiology of the Larynx, p. 5.

12 Joel Pressman and George Kelemen, "Physiology of the
Larynx," Physiological Reviews, XXXV (July1 1955),, 508.

13 Negus, Anatomy and Physiology of the Larynx, p. 6.

14Ibid., pp. 6, 8.
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primitive type of this development is seen in the axolotl

(Amblystoma), a type of salamander, where there is a

cartilage on each side of the glottis, to which some of the

dilator fibres attach. In newts (Molge) there is a further

development, as the lateral cartilages are divided into two

segments, each side corresponding to an arytenoid and half

15
of a cricoid in higher animals,

The next stage is the formation of a second cartilage,

in the form of an incomplete ring. This is fused to the

cricoid cartilage, but in higher species it represents the

thyroid cartilage. A fused crico-thyroid ring of this type

is seen in the larynx of an alligator (Crocodilia). In the

larynx of higher mammals a separation of the cricoid and

thyroid cartilages occurs, and a joint appears between them

which facilitates opening and closing of the glottis.1 6

The evolution of the larynx from its first appearance

in fish up to the stage of its more elaborate structure in

mammals is illustrated in Figure 1 (from Negus).

In each evolutionary stage, then, the primary function

of the larynx, including that of man, is to ensure that

nothing except air enters the pulmonary airway. 1 7 , 1 8

1 5 Ibid., p. 9. 1 6 Ibid., p. 9.

17Arthur W. Ham and Thomas S. Leeson, Histology, 4th ed.
(Philadelphia, 1961), p. 668.

1 8William A. Zerffi, "Laryngology and Voice Production,"
Annals of Otoloqy, Rhinology and Laryngology, LXI (September,
1952), 642.
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Fig. 1--The evolution of the larynx.19 (Interrupted
lines--sphincteric muscle and dilator muscle.)

In man this primary function is accomplished by (1) move-

ments of the larynx, as during swallowing, to prevent harmful

substances from entering the airway; 2 0 (2) expulsion by means

of coughing of harmful substances from the respiratory tract

to prevent damage to the pulmonary apparatus.21,22 In

19 Negus, Anatomy and Physiology of the Larynx, p. 10.
2 0D. Ralph Appelman, The Science of Vocal Pedagogy

(Bloomington, Indiana, 1967), p. 41.

2 1Nathaniel M. Levin, ed., Voice and Speech Disorders:
Medical Aspects (Springfield, Ill., 1962), p. 22.

2 2Clarence Meader and John Muyskens, Handbook of Bio-
linguistics (Baltimore, 1950) , p. 243.

12
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addition to this basic function, the larynx has, in the

course of evolution, acquired other functions of consider-

able importance.

Because the larynx acts as a valve between the lungs

and the mouth, its opening or closing controls the flow of

air into and out of the lungs. When shut it isolates the

23
lungs from the mouth. The object of this second function

is circulatory.24 In brief, the circulatory function cor-

relates "the amount of air entering and leaving the lungs

with the volume of blood flowing through the pulmonary

capillaries," and thus it determines "the amount of carbon

dioxide (C02 ) washed out of the blood, with the object of

keeping the percentage of carbon dioxide in the arterial

blood constant," thereby maintaining a constancy of reaction.2 5

It is a result of the degree the vocal folds open or close

during breathing. The less the opening, the less air enters

the lungs, and the greater is the volume of blood flowing

through the lungs due to diminished pressure on the great

veins of the neck, the right side of the heart, and the

pulmonary capillaries during inspiration. The reverse happens
26

when the glottis is opened widely. Like the primary function

23 Denes and Pinson, The Speech Chain, p. 42.
2 4 Pressman and Kelemen, "Physiology of the Larynx," p. 508.

25Victor R. Negus, The Mechanism of the Larynx (London,
1929), p. 458.

26 Ibid.
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of the larynx, this circulatory function is an important

biological function.

Another function of the larynx is the regulation of

intrathoracic pressure of means of fixation of the thorax.

To accomplish this function the vocal folds close and prevent

further entrance of air into the lungs, thus locking in the
27

air already there. When the vocal folds are brought

together by the intrinsic musculature of the larynx, their

margins are more and more firmly pressed together as the

outside air pressure progressively exceeds that of the air

in the lungs. 28 The human glottis is capable of withstand-

ing considerable air pressures, and this resisting power

tends to cause the ribs to remain depressed and assists

them in serving as fixed points on which certain muscles may

29
act. For example, this action allows greater use of the

arms, including the execution of many actions of precision

30
with the arms. In addition, the arms are able to exert

greater force when they are given rigid support by the air

locked in the chest cavity. Normally, man unconsciously holds

27 Ibid.

28 Roe-Merrill S. Heffner, General Phonetics (Madison,
Wisconsin, 1949), p. 23.

2 9Negus, The Mechanism of the Larynx, p. 459.

30 George A. Miller, Language and Communication (New
York, 1951), p. 13.
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his breath when doing heavy work with his arms such as

31
lifting. Laryngoscopic examination of a man compressing

a spring balance shows that the vocal folds close "with a

snap" at the commencement of the effort. The ventricular

folds are not brought together except during "very violent

efforts."32 Without this valvular control of the laryngeal

opening, humans would have very little power above the hips.

Man could not lift himself, or any other object of consider-

33
able weight, with his arms. Removal of the larynx because

of disease is accompanied by a diminution of the muscular

power of the arms.3 4 In addition, this mechanism is

essential for normal elimination from the alimentary canal.

It also plays an important role in normal childbirth.35 Due

to these various usages it can be seen that, for man, the

regulation of intrathoracic pressure is an important function

of the larynx,

Considered phylogenetically, the fourth function of the

larynx, phonation, or production of sound, is a late develop-

ment and appears to be the most recently acquired laryngeal

3 1 Friedrich Brodnitz, Keep Your Voice Healthy (New York,
1953), p. 42.

32 Negus, Anatomy and Physiology of the Larynx, p. 108.

3 3 Heffner, General Phonetics, p. 23.

34
Negus, Anatomy and Physiology of the Larynx, p. 108.

35 Heffner, General Phonetics, p. 23.
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function.36,37 As previously stated, the simple larynx is

nothing more than a safety valve, a simple muscular sphinc-

ter in the air passageway. It is not primarily an organ of

voice. As this sphincteric mechanism evolved it divided

into two, forming the vocal folds, or real vocal cords, and

the ventricular folds, or false vocal cords. With this

division the "singing mechanism" of man "came into exis-

tence."38,39

It should be pointed out that the sounds that emanate

from the larynx are not the sounds heard emanating from

the mouth. The sounds at the larynx are feeble, and without

resonance, color, or quality. Modification in the cavities

of the respiratory tract takes place before they become the

40,41
vocalized sound which is heard. Unlike the tone of a

tuning fork, the tone produced at the glottis is not a pure

tone, or fundamental. It consists of a fundamental pitch

plus overtones, or harmonic partials. Both components are

36 Negus, The Mechanism of the Larynx, p. 459.

3 7 Ham and Leeson, Histology, p. 668.

38 Erederick Husler and Yvonne Rodd-Marling, Singing: The
Physical Nature of the Vocal Organ (New York, 1965), p. 31.

3 9 Diehl, Anatomy and Physiology of the peech Mechanisms,
p. 104.

40Willi Apel, "Voice," rev. by 0. Averino, Harvard Dic-
tionary of Music, 2nd ed. (Cambridge, Mass., 1969), p. 918.

4 1 Clarence R. Thorpe, Teach Yourself To Sing (London,
1964), p. 21.
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modified by upper respiratory structures. 42,43The resonat-

ing cavities act selectively, encouraging some overtones,

discouraging others. In addition, the resonating cavities

may also add inharmonic partials to the sound, frequencies

generated in the cavities themselves, which may not exist

in the original laryngeal tones at all.4 4 Variations of

the overtones identify sound as coming from one singer as

compared with another, and contribute, in part, to produc-

tion of a pleasant or an unpleasant voice. For instance,

if very high overtones are augmented, or encouraged, the

sound produced may be shrill or harsh. The human larynx is,

therefore, a tone-producing mechanism furnishing the "raw

material" of sound which is then modified by various resonat-

ing chambers. 4 5

However, despite its elaborate structure in man, the

primary function of the larynx, including the vocal folds

and ventricular folds, is to aid man in survival.4 6 More-

over, no part of the human body is used exclusively or even

42 Kenneth N. Westerman, Emergent Voice (Ann Arbor, Michigan,
1947), p. 113).

4 3 Harvey Fletcher, Speech and Hearing in Communication,
2nd. ed. (New York, 1953), pp. 20, 49.

4 4 William Vennard, Singing, the Mechanism and the Technic
(New York, 1967), p. 82.

4 5 Pressman and Kelemen, "Physiology of the Larynx," p.
538.

4 6 Appelman, The Science of Vocal Pedagogy, p. 41.
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primarily for phonation. Speaking and singing are made

possible by highly specialized and coordinated efforts of

the larynx and other parts of the respiratory and digestive

tracts which were not created originally for this purpose.47'48

Because those parts of the body that make up the speech

mechanism all have other more vital functions, speech and

song are therefore "overlaid" or "superimposed" functions

of the larynx. 49,50The fact that animals such as bears,

badgers, and lorises, with vocal folds "similar to those of

man," make use of their larynx in breathing and eating even

though they make little or no use of voice further illustrates

that, when dealing with human speech and song, a study is

being made of a function superimposed upon mechanisms not

developed especially for speech production.51 Moreover, it

has been pointed out that even in the primitive state of the

larynx, such as in the South American lung fish, in which

there is no need for sound production, the mechanism for its

production exists. In the course of evolution the function

4 7 Friedrich Brodnitz, "The Voice of the Speaker and
Singer," Voice and Speech Disorders: Medical Aspects, edited
by N. M. Levin (Springfield, Illinois, 1962), p. 429.

48 Ruth B. Manser and Leonard Finlan, The Speaking Voice
(New York, 1950), p. 31.

4 9 Vennard, Singing, the Mechanism and the Technic, p. 37.

50 Zerffi, "Laryngology and Voice Production," p, 642.

51 Negus, The Mechanism of the Larynx, p. 245.
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of sound production came to serve a useful purpose, and

the speech mechanisms became more elaborate and highly
52

specialized. Nevertheless, at times these mechanisms may

have all they can do to operate properly without assuming

"extra" functions. They always revert to their basic func-

tions "when the biological situation demands." For example,

when his body needs oxygen the singer must pause long enough

to breathe. However, in general the overlaid function of

speech is fulfilled surprisingly well.53 It is true that

all the characteristics of the larynx can be accounted for

in man "by reasons other than those connected with phonation."5 4

But, to say that the larynx of man did not evolve primarily

for voice production "is not to imply that the larynx is not

an essential organ of speech."55 In the course of evolution

the sphincteric mechanism of the larynx ultimately came to

serve a number of other useful purposes besides the basic

function of protection, probably the most obvious being the

overlaid function of phonation.

"The conclusion has been arrived at that in the posses-

sion of the versatile type of larynx with which he is endowed,

5 2 Pressman and Kelemen, "Physiology of the Larynx,"
pp. 508, 539.

53 Judson and Weaver, Voice Science, p. xix.

54
Negus, Anatomy and Physiology of the Larynx, p. 154.

55 Judson and Weaver, Voice Science, p. 36.
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together with the various resonators and stops, well adapted

to the modification of sound, Man is in a unique position of

superiority for the utilization of speech and song."56 Thus,

the laryngeal organs have passed from a primarily biological

state to a biosocial state and serve both purposes in the

life of man.57 His intelligence has enabled man to make full

use of these organs, and the "elaboration of speech" has in

turn advanced man's intelligence beyond that of any other

species. 58

The Origin of Speech and Song in Man

It is interesting to speculate why and how man developed

speech and song and lower animals did not. One obvious

factor is intelligence.59 In the course of evolution man

rose from the slouching attitude of early ancestors, and his

posture became truly erect. This change was accompanied by

a descent of the larynx, with it thus lying at a lower level

in the neck than had the larynx of his ancestors. The length

of the pharyngeal cavity was increased by this descent which

expanded its resonating properties. In addition, the jaws

56 Negus, Anatomy and Physiology of the Larynx, p. 154,

57 Appelman, The Science of Vocal Pedagogy, p. 43.

5 8 Negus, Anatomy and Physiology of the Larynx, p. 154.

5 9 Ecroyd, Voice and Articulation, p. 3.
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diminished in length and breadth. It was not until these

changes took place that man had the easy powers of phonation

possessed today. The acquisition of these changes gave rise

to rapid progress intellectually, since easier powers of

speech, and thus communication, allowed him to transmit and

receive ideas, which in turn increased intelligence.60 it

should be noted, too, that man's sensitive cerebrum and its

covering, the cortex, are different from the brain structure

of lower animals. Therefore man is capable of speech

anatomically, physiologically, and intellectually.6 1

Another reason man developed speech is probably related

to the fact that he has always required a society of some

sort in order to stay alive. Since earliest times, men have

been forced to live in groups for their protection. This

urge to band together is closely linked to man's strong will

to communicate. Thus, speech, which was only an anatomical

possibility, at first, has become an important function and

a part of life.6 2

Human beings have had the power of speech as far back

as written history can trace it. However, it seems probable

that the real starting point of speech and language may never

60 Negus, Anatomy and Physiology of the Larynx, pp. 190-191.

6 lEcroyd, Voice and Articulation, p. 3.

6 2 Ibid.
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be discovered. Speech came long before writing, so of

ancient speech there is no record.6 3  "If there is one

thing on which all linguists are fully agreed, it is that

the problem of the origin of human speech is still unsolved."6 4

However, several theories are current among linguists today

as to the origin of speech, "but with the distinct under-

standing that they are as yet unproved and, in the nature of

things, probably unprovable."6 5 Linguist Max MUller has

given the theories the names by which they are most commonly

known. According to Diamond there is probably "part of the

truth in most of them."6 6

Perhaps the most familiar is the onomatopoeic "bow-wow"

theory.6 7 The "bow-wow" theory holds that speech arose in

imitation of the natural sound associated with the object or

action involved.6 8  For example, a dog barks and his bark

sounds like "bow-wow" to a human listener. Therefore, he is

designated as "bow-wow."69 Many imitative words can be found

63 Mario Pei, All About Language (New York, 1954), pp. 11,
15.

64 Mario Pei, The Story of Language, rev. ed. (New York,
1965), p. 21.

6 5 Ibid.

66 A. S. Diamond, The History and Origin of Language (New
York, 1959), pp. 8, 259.

67 Pei, The Story of Language, pp. 21-22.

68 G. Revesz, The Origins and Prehistory of Language,
translated by J. Butler (London, 1956), p. 37.

69Diamond, The History and Origin of Language, p. 259.
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in our language today, such as "quack," "croak," "chirp,,"

"baa," "meow," "buzz," "splash," and "guzzle," to name a

few. 70,71

The "ding-dong" theory seeks to explain the correspon-

dence between sound and sense, by as law of nature, a

"mysterious law of harmony," that each object has its own

. . 72peculiar ring. Further, it maintains that there is a mystic

correlation between sound and meaning.73 So, the sight of a

dog would strike the observer much as a "gong is struck," and

he might speak the words "dog runs" as a sound natural to the

event.7 4  Pei states, "Like everything mystical, it is best

discarded in a serious scientific discussion."7 5

The "pooh-pooh" theory is to the effect that speech

originated in ejaculatory cries of the human animal expres-

sing surprise, fear, pleasure, pain, etc.7 6 This theory is

often paired with the "yo-he-ho" theory.7 7

70 Negus, Anatomy and Physiology of the Larynx, p. 127.

7 1John Pierce and Edward David, Jr., Man's World of
Sound (New York, 1958), p. 67.

7 2 Diamond, The History and Origin of Language, p. 264.

73 David K. Berlo, The Process of Communication (New York,
1960), p. 170.

4Diamond, Th~eHistory and Origin of Language, p. 264.

75 Pei, The Story of Language, p. 22.

76 Diamond, The History and Origin of Language, p. 264.

77 Pei, The Story of Language, p. 22.
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A fourth theory, known as the "yo-he-ho" theory,

maintains that speech arose from grunts of physical exer-

tion. The physiological relation between the larynx and

forceful use of the arms is the basis. Because forceful

effort of the arms is accompanied by a closure of the

glottis with temporary stoppage of vocal sound, when the

tense vocal folds are suddenly relaxed there tends to be a

grasp of released breath. The original source of speech,

then, would have been this released breath while participat-

ing in acts of joint or common effort, during which cries

or sounds partly consonantal might be emitted. These sounds

would be a common impulse and might come to be associated

with the particular work performed, thus becoming a symbol

for it.7 9

Another theory commonly advocated is the "gesture"

theory.80 Even today, gestures often precede and lead to

speech.81 According to this theory, speech "originated as

a junior partner to gesture." Speech was incidental to the

action that gesture mimicked. Gradually speech became the

"senior partner" because it had greater variety of expression,

78 Pei, The Story of Language, p. 22.
7 9 Diamond, The History and Originof Language, pp. 8,

258, 264-265.

8 0 Revesz, The Origins and Prehistory of Language, p. 50.
8 1 Miller, Language and Communication, p. 2.
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left the limbs and eyes free for other occupations, and

would carry to a listener in the dark or not looking at

the speaker.8 2

Closely related to the "gesture" theory is the "mouth-

gesture" theory,83 or the "ta-ta" theory,84 This theory was

first advocated by the linguist Paget in his work, Human

Speech (1930) .85 It advocates that gestures which were

made with the hands were unconsciously copied by movements

or positions of the mouth, tongue, or lips, as a sort of

unconscious mouth pantomime. Then man discovered that if,

while copying gestures with his tongue and lips, he blew

out air, the gestures became audible as whispered speech.

Voiced speech resulted similarly. Thus speech resulted as

a refinement of gesture.8 6

As stated earlier the problem of the origin of man's

speech is still unsolved and the theories cited are unproven.

Likewise the origin of song is not known for sure, and its

real starting point may never be discovered. However, as

82 Diamond, The History and Origin of Language, pp. 265,
267.

83
Ibid., p. 269.

84 Pei, The Story ofLanguage, pp. 21-22.

85 Sir Richard Paget, Human Speech (New York, 1930), cited
in Diamond, The History and Origin of Language, p. 269.

8 6 Vennard, Singingq, the Mechanism and the Technic, pp.
161-162.
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with the origin of speech, there are theories as to the

origin of song. There are two generally accepted theories

as to why, in the days before recorded history, man began

to sing.8 7

The first might be called a "utilitarian" theory, That

is, early man began to use various pitches and sustained tone

to help make life easier. He found that sung tones had more

carrying power, or projection, than spoken words. So, for

the transmission of ideas over distances, the sustained

musical sound proved to be considerably more efficient than

other types of sounds. It is possible that early woman might

also have found use for singing. The soothing effects of

sung lullabies on offspring would be a utilitarian use of

88
song.

The second is the "emotion" theory; that is, the apparent

reason for the development of singing was an emotional one.

For example, in excitement and anger the pitch level of the

voice rises. In repose or submission the pitch level tends

to fall. Such variations are evidenced in the emotional

rites and ceremonies of primitive societies. The jubilation

and drive present in such situations were organized and

codified through the centuries into the liturgical chants

which make up the early history of musical culture.89

8 7 Richard Rosewall, Handbook of Singing (Evanston, Ill.,
1961), p. 3.

8 8 Ibid. 8 9 Ibid.
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It is not difficult to see that in both of these ideas,

the utilitarian and the emotional, as well as in the various

theories of the origin of speech that the fundamental aspect

of communication is evident. Communication, which has aided

in advancing man's intelligence beyond any other species, is

accomplished, for the most part, through speech and song.90

As previously noted, because of the superimposed functions

of speech and song, the larynx has passed from a primarily

biological state to a biosocial state in man. Because of

its importance in man's life due to this biosocial state as

the organ of voice, and thus of speech and song, man's curi-

osity throughout the ages has been aroused as to exactly

"how" the vocal mechanism works. 9 2

Theories of Phonation Prior to the
Invention of the Laryngoscope

Before the invention of the laryngoscope man could not

see into the living larynx. For this reason the physical

process of voice production was understood only superficially

93
for a long time. Following is a brief survey of theories

of phonation up until the laryngoscope's invention.

The oldest medical work known is the Nei Ching (Canon

of Medicine) of 2698 B.C. In it is stated:

90 Negus, Anatomy and Physiology of the Larynx, p. 154.

91 Appelman, The Science of Vocal Pedagogy, p. 43.

9 2 Rosewall, Handbook of Singing, p. 4.

93 Apel, "Voice," Harvard Dictionary of Music, p. 918.
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The thorax and abdomen constitute the city
wall, the pericardium the palace of the king.
The stomach is the granary and the throat and
small intestines the post office. Water and
grain enter the oesophagus, and air by the
trachea. . . . The mouth and lips are the fan
for the voice, the tongue the machine, and the
uvula the pass. The larynx divides the air.
The breath coming from the lungs is supposed
to act on the hyoid bone and tongue in speak-
ing.94

The Hippocratic age, that is, the fifth and fourth

centuries B.C. in Greece, was the first period that saw

beginnings of a science related to the modern day sciences

of anatomy and physiology. But in regard to laryngeal

functions, little was known. The Greeks did realize that

air implemented voice, and that the tongue, palate, teeth,

and head cavities are also important in speech. However,

these few facts were not known outside of the Asclepiadae,

a school of Greek physicians on the island of Kos. The

school's anatomical inquiries were limited to slaughter of

animals for food and incidents of war, due to strong preju-

dices of the priests against anatomical studies.95 Hippocrates,

the school's most famous member, remarked in 430 B.C. that he

believed the human voice to be like a whistle, and, for sing-

ing purposes, that it would be necessary to breathe deeply.9 6

94 K. C. Wong and Wu Lien-teh, History of Chinese Medicine,
cited in Judson and Weaver, Voice Science, p. 419.

95 Philip A. Duey, The Bel Canto in Its Golden Age (New
York, 1951), p. 13.

9Regnier Winsel, The Anatomy of Voice (New York 1966),
p. 19.
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Aristotle, beginning his many and diverse scientific

investigations before the death of Hippocrates, did not add

greatly to extant physiological knowledge. He did, however,

ponder long and deeply over the problem of voice production.97

Aristotle understood empirically that the larynx in some way

had a part in voice production, stating in 350 B.C. that the

size and shape of the larynx was a great factor for having a

good voice.9 8 But, in contrast to ideas today, he believed

that changes in the length of the trachea, or windpipe,

controlled pitch changes, similar in action to an organ pipe.9 9

In his De Anima, De Audibilibus, and Problemata, Aristotle

discussed phonation, asking questions and hinting at possible

100answers, but making opinions only of a speculative nature.

Galen (ca. A.D. 130-200), considered the greatest ana-

tomist of antiquity, was the most prolific writer and most

painstaking scientist of the ancient physicians. He wrote a

treatise on the voice of which only fragments are extant.1 0 1

He based his analysis of the human voice upon the larynx of

97 Duey, The Bel Canto, p. 13,
98,

Winsel, The Anatomy of Voice, p. 19.
99 Robert Rushmore, The Singing Voice (New York, 1971),

p. 142.

1 0 0Philip A. Duey, "Science and Voice," Music Journal,
XVI (February, 1958), 29.

1 0 1 Judson and Weaver, Voice Science, p. 419.
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102
pigs. Galen formed definite theories which prevailed

for more than thirteen hundred years.103 He observed a

body, or projection, similar to the "tongue of the flute"

in the hollow of the larynx viewed from above, "tongue"

referring to the double reed of an aulos, the early Greek

flute. Galen named this "tongue" the "glottis," a name

used to this day.1 0 4 He said that the pitch and volume of

the voice depended on the width of space between the vocal

cords, or the opening of the glottis, as air passed through;

wide for low pitches, narrow for high pitches.105 Galen

also described and named the larger cartilages of the larynx

as well as divided the muscles of the larynx into two groups,-

classifying them as "'intrinsic" and "extrinsic." 1 0 6

It was not until almost 1500 that further studies origi-

nated in regard to phonation. In 1490 Leonardo de Vinci made

the first known drawings of the larynx as a whole in profile,

as well as the vocal folds, the laryngeal cartilages, the

pharynx, the trachea, and various other details, as part of

10 2 Janwillem Van den Berg, "Myoelastic-Aerodynamic
Theory of Voice Production," Journal of Speech and Hearing
Research, I (September, 1958), 230.

10 3 Winsel, The Anatomy of Voice, p. 19.

104 Sidney Murray, "Scientific Pedagogy One Hundred Years
Before Garcia," The NATS Bulletin, XXV (December, 1968), 29.

10 5 Duey, The Bel Canto, pp. 14-15.

10 6 Judson and Weaver, Voice Science, p. 419.
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107
his studies concerning the vocal organs. Even though

the vocal folds were included in the drawings, da Vinci

did not realize their importance and believed that voice

was created by a column of air vibrating in the windpipe
108

(trachea). He compared the voice to an organ pipe and

concluded that pitch was dependent on the length and diam-

eter of the trachea.109 It is hardly known today that da

Vinci, the world renowned painter, sculptor, architect, and

engineer was also an anatomist, musician, and singer, who

wanted to know how voice occurs.110 He was the first to

give an account of the human voice anatomically, physiological-

ly, psychologically; finishing his summary, the Trattato di

Voce, during 1415 while in the service of Pope Leo X in

illRome. This treatise anticipates modern laryngological studies.

Other studies were also being conducted in Italy during

the 1500's. About 1500 Berengarius of Pavia made the dis-

covery that, instead of being one as thought previously, the
112

arytenoid cartilages were a pair. ' Vesalius (1514-1564) of

10 7 Rushmore, The Singing Voice, p. 142.

10 8Brodnitz, Keep Your Voice Healthy, pp. 22, 25.

1 0 9 Duey, The Bel Canto, p. 16.

1 0 Teodosio Longo, Fundamentals of Speaking and Singing
(New York, 1945), p. 31.

1 1 Annett Royak, "Leonardo da Vinci on the Voice,"
Music Journal, XVI (June/July, 1958), 36.

1 1 2 Duey, The Bel Canto, p. 15.
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Padua made complete dissections of the larynx that are

hardly surpassed today in accuracy and detail.113 With

the aid of around thirty woodcuts he was able to give the

cartilages and muscles of the larynx an extended descrip-

tion. Fallopius (1523-1563) of Padua gave the cricoid

cartilage its name and also described the thyro-arytenoid

and crico-thyroid muscles more extensively than had

Vesalius. 114 The first treatise on a method of vocal

development was written by Giovanni Maffei around 1562.

The treatise deals with a definite theory of voice, the

origin and anatomy of voice, singing, and special exercises

for florid singing. 115 As the Baroque Period was beginning

it was usually singer-composers who wrote about the vocal

art and voice. Lodovico Zacconi, who wrote Prattica di

musica (1592), gave advice to singers as well as discussed,

in general, breathing, intonation, and voice registers.1 1 6

The 1600's in Italy saw increased interest in singing

as well as anatomy and physiology of the larynx. Battista

Codronchi, Caspar Bauhinus (1550-1624), Hieronymus Fabricius

(1537-1619), and Julius Casserius (1545-1616) each produced

11 3 Brodnitz, Keep Your Voice Healthy, p. 22.

1 1 4 Duey, The Bel Canto, p. 15.

1 1 5 Winsel, The Anatomy of Voice, p. 20.

11 6 Murray, "Scientific Pedagogy Before Garcia," p. 29.
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works dealing in specific detail with the larynx.117

Codronchi's work, of a popular nature, leaned heavily on

the views of Galen. Bauhinus' work dealt mostly with

nomenclature of the muscles of the larynx. Fabricius and

Casserius both made extensive studies of the larynx in man

and animals, giving many details not mentioned previously.

Casserius' work, De vocis auditusque organis historiae (1600),

was published with an abundance of carefully drawn engrav-

.118
ings. Fabricius' work, De Larynge Vocis Instrumento (1600),

discussed, of note, the duality of the arytenoid cartilages

and the different fibers of the thyro-arytenoid muscle.

Fabricius' theory of phonation was that the vocal folds

acted as lips in whistling and that pitch depended on the

glottal opening and length of the trachea and larynx.119 He

also compared the voice to the pipes of a mouth organ.1 2 0

Statements by Italian writers on singing during this time do

not go into the actual physical aspects of singing to any

extent. Cerone, in 1613, said that the necessary and natural

instruments of the voice were the lungs and throat. He also

stated that the air which the lungs emit comes up and

"strikes" the uvula, thus forming voice. Berardi (1681)

11 7 Duey, The Bel Canto, p. 15.
1 18 Ibid.

119
Murray, "Scientific Pedagogy Before Garcia," p. 29.

12 0 Negus, The Mechanism of the Larynx, p. 368.
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believed that voice was a striking of breath upon the vocal

passage. Giovanni Bontempi, a castrato and composer, said

in his Historia musica (1695) that voice was produced when

121air, driven out of the lungs, was struck by the glottis.

France, in the 1600's, also had developments in the

scientific study of phonation. Marin Mersenne (1588-1648),

a French priest, philosopher, theorist, mathematician, and

scholar studied the voice scientifically. He wrote Harmonie

universelle (1636), a comprehensive work on music, in which

he rejected the theory of Aristotle and Fabricius that

changes in the length of the trachea change the pitch.

Mersenne said that the laws of acoustics proved it impossible

for the trachea to act as an organ pipe due to the fact that

a vibrating column of air has to be doubled to produce a

sound an octave lower, and, since two octaves or more are

common to the singing voice, such changes were humanly

impossible. He had a vague idea that voice was produced by

the vocal folds' vibrations. However, he was not certain

if they acted as reeds or strings, that is, whether the vocal

folds resisted breath flow, thus causing the folds and air to

vibrate, or whether the vocal folds initiated the vibrations.l12

Pierre Benoit de Jumilhac, in his La science et la pratique

1 2 1Duey, The Bel Canto, p. 126.

12 2 Murray, "Scientific Pedagogy Before Garcia," p. 29.
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_du plainchant (1673)., repeated the views of Aristotle that

phonation is a result of breath pushed from the lungs and

the vibration of this air column. Claude Perrault, in

Essais de physique (1680), used Galen's analogy of the

larynx with the aulos.1 2 3

Germany and England, in the 1600's, also produced

theories of phonation. The German, Seth Calvisius, wrote

in 1612 that voice was formed in the throat and not with

lips or cheeks. Michael Praetorius,in his Syntagma Musicumn

(1619), based his statements on the theories of Galen.

Athanasius Kirchner also referred to Galen (1641). He

believed that the longer the glottal opening, where the

"striling of the air" causes sound, the lower the pitch,

and the shorter the opening, the higher the pitch. In other

words, pitch would vary according to the size of the opening.

Thomas Willis (1621-1675) of Oxford, a brilliant anatomist,

provided a better understanding of the innervation of the

larynx, including the first definite description of the

superior laryngeal nerve, which had been almost totally

neglected until then .1 2 4

Factual knowledge regarding the voice increased and

more theories of phonation were written during the 1700's

in Italy. The great anatomist from Padua, John Baptist

1 2 3 Duey, The Bel Canto, pp. 17, 133, 208.

124I .Ibi~d., pp. 16., 130, 204, 208, 212.
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Morgagni (1682-1771), and Dominic Santorini of Venice worked

together correcting previous anatomical errors and also

filling in details of the larynx.125 The laryngeal cartilages

of Santorini and the ventricle of Morgagni were named for the

two scholars.126 The first musical authority to include

illustrations of the laryngeal cartilages and muscles in a

musical textbook was Zaccaria Tevo in his 11 Musica Testore

(1706). Pablo Nassarre included the lungs, windpipe, larynx,

epiglottis, and uvula as the "natural" instruments forming

sound in Escuela Musica (1723). According to Giovanni

Mancini (1716-1800) breathing caused a "flux of air" in the

throat which in turn formed the voice. The lungs furnished

the air, and the larynx, glottis, uvula, tongue, soft palate,

hard palate, teeth, and lips were the "organs of voice."

Stefano Arteaga said, in 1785, that voice was produced when

air, pushed upward by the lungs, was "thinned out" through

the "slit" of the glottis and then reverberated in the mouth
127

cavity before coming out of the lips.

Knowledge concerning phonation grew in France, too,

during the 1700's. Perrault's pupil, Denis Dodart (1624-1707),

wrote several works about the voice, including Memoires sur
128

la cause de la voix. He proved in 1700 that sound

12 5 1bid., p. 16.

126Gray, Anatomy of the Human Body, pp. 1127, 1132.

12 7 Duey, The Bel Canto, pp. 127-129, 210-211, 214.

12 8 Judson and Weaver, Voice Science, p. 419.
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originates in the larynx.129 However, by analogy to mouth-

whistling, in which he was an artist, Dodart thought pitch

depended on the area, or dimensions, of the glottis and the
130

velocity of air flowing out. In his opinion, the purpose

of the vocal folds and the laryngeal muscles was to vary the

glottal area appropriately.131 Like Galen, he believed low

notes were produced when the glottis was widest and high

notes when the opening was narrow.132

An important contribution to scientific study of the

voice was due to Antoine Ferrein (1693-1769),133 a professor

of anatomy at the Jardin du Rio in Paris and author of "De

la formation de la voix de l'homme," a treatise which

appeared in Academie Royale des Sciences, Annee 1741.134 He

was the first to perform experiments on voice production

135,136
using larynges of animals and cadavers.3In 1741,

using a trachea and a larynx from a cadaver, he proved that

1 2 9 Janwillem Van den Berg and T. S. Tan, "Results of
Experiments with Human Larynxes," Practica Oto-Rhino-
Laryngologica, XXI (1959), 449.

13 0Janwillem Van den Berg, "On the Role of the Laryngeal
Ventricle in Voice Production," Folia Phoniatrica, VII (1955),
58.

1 3 ~Van den Berg, "Myoelastic-Aerodynamic Theory," p. 230.

13 2 Murray, "Scientific Pedagogy Before Garcia," p. 29.

133
Oscar Thompson, "Singing," The International Cyclo-

pedia of Music and Musicians (New York, 1964),, p. 2034.

1 3 4 Duey, The Bel Canto, pp. 17, 206.
1 3 5 Van den Berg, "Myoelastic-Aerodynamic Theory," p. 230.

13 6 Van den Berg and Tan, "Experiments with Human Larynxes,"
p. 425.
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it was necessary for the vocal folds to approximate and

then vibrate before sound was produced. He also showed

that the greater the speed and pressure of the air passing

the vocal folds, the larger would be the volume of sound.

Moreover, he demonstrated that differences in tension of

the edges of the vocal folds caused changes in pitch.1 3 7

Ferrein believed that the vocal folds vibrated in the same

manner as the strings of a violin. He also believed the

stream of air passing the vocal folds has the same effect

as the action of a bow on the strings of a violin.1 3 8

Because of this analogy, he named the vocal folds cordes

vocales, or "vocal cords" or "strings," a term familiar to

this day.139 "These discoveries of Ferrein were widely

accepted, but by no means universally." Physicians,

scientists, and vocal pedagogues advanced both the older

140
and newer theories well into the 1800's.

After Ferrein, several other French writers expounded

their views on phonation before the end of the century.

Carre 's Le Maistre des novices dans l'art du chanter (1744)

deals with phonation in a sketchy manner. He believed the

movement of the cartilages of the throat produced the dif-

ferent sounds of the voice but at the same time referred to

13 7 Murray, "Scientific Pedagogy Before Garcia," p. 30.

8 Brodnitz, Keep Your Voice Healthy, p. 25.

139
Longo, Speaking and Singing, p. 32.

14 0 Murray, "Scientific Pedagogy Before Garcia," p. 30.
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the windpipe as the "most proper organ of the voice. "141

Jean-Baptiste Berard based his views on the ideas and

conclusions of Ferrein. Retiring from professional singing

in 1745, he began an active career as a voice teacher. In

1755 he published his L'art du chant, a work divided into

three main sections, of which the first is concerned mainly

with physiological aspects of voice based on Ferrein 's work.

Berard believed the larynx rose a "degree" for each "degree"

of pitch, with it appearing that a "degree" was the interval

of a whole step, but he said such measurements were not to

be taken in a strict sense. 142 One year later Jean Blanchet

claimed Berard's work was his, and a controversy arose.

Blanchet consequently published a work of his own, LW'art, ou

les principes philosophigues du chant (1756). In it he cited

studies of the ancients such as Aristotle as well as described

Ferrein 's experiments. Blanchet compared the action of the

laryngeal muscles in varying vocal fold tension to the tuning

of a violin string, saying that this caused pitch changes.

Changes in volume were due to the action of expired breath

on the vocal folds similar to the action of a bow on a violin

string.1 4 3  A study by Kempelen (1791) was concerned mainly

1 4 1 Duey, The Bel Canto, pp. 134, 204.

1 42Murray, "Scientific Pedagogy Before Garcia," p. 30.

1 4 3 Duey, The Bel Canto, pp. 135, 203.
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with diction, but it also contained ideas on phonation. 1 4 4

lie believed air from the lungs produced voice when forced

through the glottis. The tongue, teeth, and lips caused

variety of sounds. 1 4 5

German writers also expressed theories of phonation

during the 1700's. Johann Mattheson (1739) presented a

detailed description of the vocal mechanism, but it was

elementary and partly incorrect from the physiological

standpoint. Johann Agricola (1757) seemed to agree with

the older views of Galen and Dodart and at the same time

with the experiments of Ferrein.1 4 6

During the first half of the Nineteenth Century a

number of scientists and scholars studied the physical or

acoustical aspects of phonation and singing, worked to

establish whether or not the voice functioned on the basis

of one of the four main types of instruments, and attempted

147
to see into the throat in order to view the living larynx.

In 1803 Mengozzi said that the larynx was the principal

instrument of voice. He also stated that the lungs, wind-

pipe, larynx, frontal and maxillary sinuses, and nasal

passages all united to form or modify voice.148 Dutrochet,

14 4 Ibid., pp. 136, 208.

14 5 Judson and Weaver, Voice Science, p. 419.

1 4 6 Duey, The Bel Canto, pp. 130-133, 201, 210.

1 4 7 Rushmore, The Singing Voice, p. 143.

14 8 Duey, The Bel Canto, pp. 137, 210.
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in 1806, compared the vocal folds to the lips of a trumpet

player. He believed all of the thyroarytenoid muscle, not

just the edges, vibrated.149 In 1807 Bozzini showed that

it was possible to view dark cavities of the body by
150

illumination with a mirror. Majendie compared the human

voice to a reed instrument in 1816. 151 In Savart's work,

Memoire sur la voix humaine (1825), the human voice was

compared to a hunter's, or a bird-catcher's whistle.1 5 2

In other words, Savart believed voice originated in the

153
same way as sound originated from the whistle. Sounds

are produced by a hunter's whistle in the same way that

sound is produced in mouth whistling, so Savart's theory

was similar to the older theory of Dodart.154 G. MUller

(1837) experimented and tried to obtain the "real" voice

from a cadaver, but succeeded only in obtaining "a feeble

noise. " 155

The physical and acoustical aspects of phonation seem

to have appealed to a constantly wider circle of scientists.

1 4 9 Judson and Weaver, Voice Science, p. 419.

1 5 0 Victor E. Negus and Dennis B. Fry, "Voice,"
Encvclopaedia Britannica, XXIII (Chicago, 1970), 99.

15 1 Negus, The Mechanism of the Larynx, p. 368.

1 5 2 Van den Berg and Tan, "Experiments with Human
Larynxes," p. 450.

15 3 Van den Berg, "Myoelastic-Aerodynamic Theory," p. 230.

154Van den Berg, "Role of the Laryngeal Ventricle," p. 57.

1 5 5 Longo, Speaking and Singing, p. 32.
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Savart (1825), Marx (1823), Willis (1829), Bennati (1830),

Malgaine (1831), and Bell (1832) all brought out works on
156

the subject. In 1837 Sir Charles Wheatstone originated

his "overtone theory" that the vocal pitch contained over-
157

tones as well as the fundamental. Johannes Muller was

the first to make extensive scientific experiments with

models of the human larynx as well as experiments with

excised larynges. MUller believed that the vocal folds,

not the glottal area, determined the pitch of the voice.158

His work, Von der Stimme und Sprache was published in 1840.159

The first to describe the innervation of the cricothyroid

muscle by the superior laryngeal nerve was Longet (1841).160

Liskovius (also spelled Liscovius) also did research with

excised larynges. In Physiologie der menschlichen Stimme

(1846) he made observations on the vibrations of the vocal

folds "at different registers" and stated that the glottal

area determined the pitch, not the vocal folds. 161,162Others

15 6 David C. Taylor, The Psychology of Singing (New York,
1968), pp. 15-17.

1 5 7 Judson and Weaver, Voice Science, p. 420.

15 8 Van den Berg and Tan, "Experiments with Human
Larynxes," pp. 436, 449.

15 9 Judson and Weaver, Voice Science, p. 420.

1 6 0 Godfrey E. Arnold, "Physiology and Pathology of the
Cricothyroid Muscle," Laryngoscope, LXXI (July, 1961), 689.

6Vanden Berg and Tan, "Experiments with Human
Larynxes," pp. 432, 436, 449.

16 2 Judson and Weaver, Voice Science, p. 420.
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tried to see the living larynx in action, notably Bozzini,

Babbington, Bennati, Liston, and Avery, but were unsuccess-

ful. 16 3  It was, however, a vocal pedagogue, Manuel Garcia,

who was to be the first.

The Invention of the Laryngoscope

Up until the middle of the Nineteenth Century, then,

the different attempts to see the living glottis had met

with failure in varying degrees. When Manuel Garcia

attacked the problem he was unaware that others had been at

work on it, and his reason for wishing to overcome the

difficulty and catch a glimpse of the glottis was different
164

from theirs. Garcia, a voice teacher who was interested

in the voice both scientifically and artistically, had

previously written about the physiology of the voice. For

many years he had studied the action of the vocal organs.

He studied medical books, dissected animals and cadavers,

and experimented with specimens of the intact respiratory

165
tract. It was his conviction that a scientific knowledge

of the vocal organs could be the basis of a practical method

of teaching singing. Garcia's Memoire sur le voix humaine,

1 6 3 Irving W. Voorhees, "A Singer's Contribution to
Science (Garcia's Invention of the Laryngoscope)," Music
Journal, XIV (January, 1956), p. 34.

16 4 Sterling McKinlay, Garcia, the Centennarian and His
Times (London, 1908), p. 203.

16 501in Downes, "Anniversary Tale," New York Times,
January 16, 1955, Sec. 2, p. 9.
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presented to the French Institut in 1840, has been regarded

as a cornerstone in subsequent investigations of the voice.

His Traits complete de 'art du chant of seven years later

was another important study of singing.166

Having a curious and scientific mind, Garcia wanted to

see the glottis during phonation. While on a visit to Paris

he was strolling in the garden of the Palais Royal when he

observed the flashing of the sun on the window panes.

Suddenly the idea cane to him of using the means of reflec-

tion, one mirror reflected in another, to see the vocal

cords.167 Garcia went straight to Charriere, a surgical

instrument maker, and asked for a small mirror with a long

handle. For six francs he was supplied with a dentist's

mirror that had been exhibited without success in London at

the Great Exhibition of 1851. Impatient to try the experi-

ment, Garcia ran to his hotel, obtained a hand mirror,

warmed the small mirror in warm water, carefully dried it,

and placed it against his uvula. Then with the hand mirror

he flashed onto its surface a ray of sunlight. By good

fortune he got the right angle the very first try, and he

168saw the glottis, wide open, and a portion of the trachea.

1 6 6 Thompson, "Singing," p. 2034.
16 7 R. Scott Stevenson, "The Birth of Laryngology,"

Hygeia, XXVII (March, 1949), 191.

16 8 McKinlay, Garcia, the Centennarian, pp. 203-204.
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It is reported that he was so dumfounded that he sat down,

aghast, for several minutes. Then he looked again to see

the changes involved in production of various pitches,

Garcia decided he had been right in his theory that the

different positions of the larynx during speaking and

singing had no part in sound formation.1 6 9

There is discrepancy among various authors as to

the year in which Garcia invented the laryngoscope.

Vennard states that Garcia invented the laryngoscope in

1841.170 McKinlay,171,172 Stevenson,173 Field-Hyde,

Murray,175 Rushmore,176 Large,177 Van den Berg,178

16 9 Lee Hardy, "Historical Sketch of the Laryngoscope,"
The NATS Bulletin, XIII (May, 1957), 32.

17 0 Vennard, Singing, the Mechanism and the Technic, p. 210.

17 1 Sterling McKinlay, "The Genius of Manuel Garcia,"
Musical Opinion, LXXII (October, 1948),, 8.

17 2 McKinlay, Garcia, the Centennarian, pp. 200-201.

1 7 3 Stevenson, "The Birth of Laryngology," p. 191.

17 4 Frederick C. Field-Hyde, The Art and Science of Voice
Training (London, 1950), p. 145.

17 5 Murray, "Scientific Pedagogy Before Garcia," p. 29.

17 6 Rushmore, The Singing Voice, p. 142.

17 7 John Large, "Towards An Integrated Physiologic-
Acoustic Theory of Vocal Registers," The NATS Bulletin,
XXVIII (February/March, 1972), 23.

178
Janwillem Van den Berg, "Mechanism of the Larynx

and the Laryngeal Vibrations," Manual of Phonetics, edited
by B. Malmberg (Amsterdam, Holland, 1968), p. 279.
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. 179 180 181,182Simmons, Luchsinger and Arnold, and Brodnitz,

all agree on the year 1854 as the correct date. The authors

Rogers,183 Thompson,184 Fields,185 Voohees,186 Downes,187

Gange,188 Taylor,189 and Duey190 say Garcia invented the

laryngoscope in 1855. Vennard, in conflict with the date

of 1841 listed in his book, gives the date of 1855 in two

articles. 1 9 1 ,1 9 2  One author, Fuchs, gives the year 1865 as

17 90tis D. Simmons, "Neurophysiology and Muscular Func-
tion of the Vocal Mechanism: Implications for Singers and
Teachers of Singing," unpublished doctoral dissertation, School
of Music, University of Kansas, Lawrence, Kansas, 1965, p. 117.

180
Richard Luchsinger and Godfrey Arnold, Voice-gpeech-

Language, translated by G. Arnold and E. Finkbeimer (Belmont,
California, 1965), p. 340.

18 1Brodnitz, Keep Your Voice Healthy, p. 3.

1 8 2 Friedrich Brodnitz, "Scientific Knowledge and Singing,"
New York Times, January 10, 1954, Sec. 2, p. 9.

18 3 Francis Rogers, "Value of Vocal Technique," Etude,
LXIII (January, 1945), 15.

1 8 4 Thompson, "Singing," p. 2034.
1 8 5Victor Alexander Fields, Training the Singing Voice

(New York, 1947), p. 9.
1 8 6Voorhees, "A Singer's Contribution to Science," p. 34.

1 8 7Downes, "Anniversary Tale," p. 9.

18 8 Fraser Gange, "Is the Laryngoscope Necessary?" New
York Times, January 3, 1954, Sec. 2, p. 7.

1 8 9 Taylor, The Psychology of Singing, p. 16.

1 9 0Duey, "Science and Voice," p. 29.

1 9 1 William Vennard and Isshiki Nobuhiko, "Coup de Glotte,
a Misunderstood Expression," The NATS Bulletin, XX (February,
1964), 15.

1 9 2 William Vennard, "A Message from the President," The
NATS Bulletin, XXII (October, 1965), 21.
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the year in which the laryngoscope was invented.1 9 3  Accord-

ing to Mann, 194 McKinlay, 195 and Stevenson196 the actual

invention took place in the autumn of 1854 with Garcia then

describing his invention and his findings in a paper, entitled

Physiological Observations on the Human Voice, which he sub-

mitted to the Royal Society of London in March, 1855. The

paper was read before the society and published that same

year in the Proceedings of the Royal Society, Vol. VII (1855).

This explanation of the events could account for the incon-

sistency of dates among authors as to the year of the

invention.

Manuel Garcia was unquestionably the most famous and

influential voice teacher of the nineteenth century. 97 Due

to his invention of the laryngoscope he has come to be re-

garded as the "father" of vocal science and laryngology. 1 9 8

It has been estimated that the laryngoscope has been of

benefit to 3 percent of the human race, a figure derived

199from a medical viewpoint. In regard to voice production

193
Victor H. Fuchs, The Art of Singing and Voice Tech-

nique (New York, 1964) , p. 64.

194William S. Mann, "Garcia, Manuel," Encyclopaedia
Britannica, IX (Chicago, 1970), 1137.

195McKinlay, Garcia, the Centennarian, pp. 203-205.

1 9 6 Stevenson, "The Birth of Laryngology, " p. 191.
197

Duey, "Science and Voice," p. 29.

1 9 8 Stevenson, "The Birth of Laryngology," p. 198.

19 9 Hardy, "Sketch of the Laryngoscope," p. 32.
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and its study, the laryngoscope has led to the verifica-

tion of some theories, has brought about some new theories,

and doubtless some misconceptions.

Theories of Phonation from the Invention
of the Laryngoscope to 1945

After Garcia's success with his invention physicians

and scientists stopped writing articles saying that it was

impossible to see the living larynx, and some of them,

particularly Ludwig Turck (also spelled Turch) and Johann

Czermak, continued to experiment and to perfect the laryngo-

scope and the technique of laryngoscopy.2 0 0 ,2 0 1

In 1857, Turck, a physician of Vienna, had been look-

ing for a means to illuminate the throat for diagnostic

purposes, and had devised a laryngoscope quite similar to

Garcia 's. He showed it to a friend, who informed him it

was nothing new, and directed him to Garcia's paper.202

Turck continued his experiments for a time and in 1857 used

the instrument for the first time for diagnostic purposes.

However, he gave up the experiments later because of lack of

203sunlight in the winter for illuminating the mirror. Soon

after this Czermak did the obvious thing of using artificial

2 00 Vennard, "Mes sage from the President," p. 21.

2 0 1 Negus and Fry, "Voice," p. 99.

20 2 Hardy, "Sketch of the Laryngoscope," p. 32.

20 3 McKinlay, Garcia, the Centennarian, pp. 206-207.
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light instead of sunlight so that the instrument became

more practical to use. He published his observations in

March, 1858 and, because Turck's first article was not

published until April, 1858, a bitter controversy as to

priority arose between the two. In addition, Czermak

insisted on giving credit for the invention to Garcia instead

of Turck. Turck and Czermak gave rival demonstrations of

laryngoscopy all over Europe, and the famous dispute brought

the laryngoscope to the attention of the entire world of

science.204 Since that time research methods dealing with

phonation have advanced considerably, and scientifically

based theories of phonation have increased.

Before the end of the century several other authors

expressed their views on phonation. Helmholtz, in 1863,

stated that the "puffs" or rushes of air which escaped

through the glottis were what generated the vocal sound.2 05

His most famous work, On the Sensations of Tone, still in

print today, was first published in 1875.206 C. L. Merkel

published an important work on voice physiology, Anatomie

und Physiologie des menschlichen Stimm-und Sprachorgans, in

20 4 Stevenson, "The Birth of Laryngology," p. 196.
2 0 5 Van den Berg, "Myoelastic-Aerodynamic Theory,"

pp. 230, 243.

2 06 Judson and Weaver, Voice Science, p. 420.
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1863.207 Edouard Fournie built and experimented with

laryngeal models, dealing with the results of his research

in Physiologie de la voix et de la parole (1866) .208 In

1878, by using a stroboscope, M. J. Oertel enormously

improved the technique of laryngoscopy and study of the

vocal folds.209 S. J. Langmaid (1881) stated that if you

fix your mind on a note and then think of a higher note,

you will feel movements of the laryngeal and pharyngeal

muscles. For this reason his theory was that muscular

adjustment and not merely increased air flow was involved

in creating pitch changes. 210 In 1883 Emil Behnke, a voice

teacher with a sound knowledge of anatomy, and Lennox Browne,

a distinguished laryngologist, succeeded in obtaining the

first photographs of the glottis while singing. Behnke

believed the vocal folds vibrated throughout their entire

length on low notes and only part of their length on high

notes.21 Also in 1883 Lander, Brunton, and Cash studied

the valvular action of the larynx. F. H. Hooper conducted

experimental research on the tension of the vocal folds (1883)

20 7 Svend Smith, "Remarks on the Physiology of the Vibra-
tions of the Vocal Cords," Folia Phoniatrica, VI (1954), pp.
166, 178.

20 8 Judson and Weaver, Voice Science, p. 420.

209
Negus and Fry, "Voice, " p. 99.

2 1 0 Judson and Weaver, Voice Science, p. 421.

21 1 Rushmore, The Singing Voice, pp. 165-166.
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and studied the effects of stimulation on the action of the

recurrent laryngeal nerves (1888). 212 F. Semon, in 1890,

researched the reflex tonus of the abductor muscles of the

larynx and also positions of the vocal folds in quiet res-

piration as compared with phonation.2 1 3  Thomas R. French,

like Behnke, investigated the action of the larynx by means

of photography (1891).214 F. Donaldson's work, The intrinsic

movement of the vocal cords and the treatment of the singing

215
voice, was published in 1896. Like Oertel, A. Musehold

combined using the stroboscope with the technique of laryn-

goscopy (1897) for studying laryngeal functions.2 1 6 Guillemin

(1897) advanced the "hunter's whistle" theory of phonation

that Savart had proposed in 1825 in which the vocal folds,

it was believed, acted as lips do in mouth whistling.2 1 7

Despite all the research and studies conducted in the 1800's,

at the end of the century the action of the larynx and the

vocal folds was still not completely understood.

During the first half of the present century research

and investigation continued in the area of voice production.

2 1 2 Judson and Weaver, Voice Science, p. 421.

2 1 3Ibid., pp. 421-422.

214Westerman, Emergent Voice, p. 28.

21 5 Judson and Weaver, Voice Science, p. 422.

2 1 6 Negus and Fry, "Voice," p. 99.

21 7 Van den Berg, "Role of the Laryngeal Ventricle,"
p. 57.



52

There were many anatomical and physiological studies before

1925. Of note in regard to laryngeal functions were those

by Moeller and Fischer (1904), Gamble (1905), Loeb (1906),

Berry (1911), Lisser (1911), Mellus (1912), Sluder (1916),

Briscoe (1920), Dilworth (1921) and Ingersoll (1922) .218

Meanwhile, in 1905 Manuel Garcia advanced and supported for

the first time the "pressure-puff" theory of phonation in

Observations on the human voice. J. M. Ingerstoll stated

that the sinuses had no function in phonation (1906) .219 In

opposition, an Englishman, Ernest G. White, in 1909 published

his Science and Singing, in which he presented the theory

that the vocal cords did not produce sound at all, that voice

was produced in the sinuses. Needless to say, this was a

controversial theory.220 In 1911 E. M. Holmes invented the

nasopharyngoscope which was of some assistance in vocal

research. Also using a new research technique, cinematog-

raphy, Chevroton and Vles studied vocal fold action. G. N.

Merry, in 1919, used still another means, the x-ray, to study

voice production.2 2 1 J. Tonndorf (1925) advanced the theory

that only a sucking effect of the vocal folds, an "aero-

dynamic" process, could account for the folds' sustained

21 8 Judson and Weaver, Voice Science, pp. 423-426.

21 9 Ibid., p. 423.

22 0 Rushmore, The Singing Voice, p. 145.

22 1 Judson and Weaver, Voice Science, pp. 423-425.



53

vibration. W. Trendelenberg (1935) compared the vibrating

"system" of the voice with the string and bow "system" of

the violin, basically the theory previously advanced by

Ferrein in 1741.222 After 1925 works of note concerning

the anatomy and physiology of the vocal organs include

those by Gutzmann (1928)., Drennan (1929),, Fletcher (1929),

Negus (1929), Paget (1929), Russell (1931), Lemere (1933),

Tait (1934), Pressman (1938, 1942), Curry (1940), and Drough

(1941). 223 For theories of phonation from 1930 to 1945

Fields' book, Training the Singing Voice, may be consulted.

In it he reviewed and categorized 463 concepts of phonation

from this period.2 2 4

Methods by Which Research Involving
Laryngeal Functions Is Conducted

Much of the progress and knowledge obtained about the

human voice since the invention of the laryngoscope has been

due to advances in technology and research methods. The

laryngoscope has been greatly improved since its invention,

and to it has been added numerous appliances such as the

stroboscope, the cathode-ray oscillograph, the acoustic

spectrometer, and the high-speed level recorder, among others.2 2 5

22 2 Smith, "Vibrations of the Vocal Cords," pp. 171-172, 177.

22 3 Judson and Weaver, Voice Science, pp. 423-426.

22 4 Fields, Training the Singing Voice, p. 100.

22 5 Joseph A. Bollew, "Empiricism and Science in the
Teaching of Vocal Production," Etude, LXXII (November, 1954),
57.
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When the vocal folds are viewed in singing with the

laryngeal mirror there does not seem to be any motion. The

vibrations are too fast for the eye to see them. To make

them visible, an optic trick, called stroboscopy is em-

ployed.226 Between a strong light used for the laryngoscope

and the head mirror that reflects the rays of light a fast

rotating disk is placed with a number of slits which permit

the quick passage of stabs of light. The disk rotates on

the axis of a variable speed motor. If the slits are rotated

at the same speed as the vibrations of the vocal folds, the

folds seem to stand still. But, if the speed of the slits

is varied slightly the impression is given that the folds

are opening and closing in slow motion.227 Each split picks

out a different phase of the fast motion of the folds, and

"the eye of the examiner combines the single phases into

one apparently slow motion, "2 2 8

The first stroboscopes were mechanical, which made

examination difficult. Modern electronic technology has

made possible the construction of electrostroboscopes.2 2 9

In these the voice controls directly the flashes of light.

The voice is picked up by a microphone circuit which steers

2 2 6 Westerman, Emergent Voice, p. vii.

22 7 Carlo Meano, The Human Voice in Speech and Song,
translated by A. Khoury (Springfield, Ill., 1967), pp. 64-66.

22 8 Brodnitz, Keep Your Voice Healthy, p. 133.

22 9 Ibid.
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automatically a flickering source of light at any desired

accelerated or delayed ratio.230 Only a few such instru-

ments exist and are used mostly for purposes of research.2 3 1

Another model, even more complete and precise, is the

laryngeal-synchro-stroboscope. It is a complex apparatus

and not only permits a precise examination of the folds in

vibration, but allows evaluation of the state of the vocal

tissues as to elasticity and tension.2 3 2

X-rays have been used extensively in studying breathing

movements of the jaw, larynx, and diaphragm. To photograph

the vocal folds with x-rays is difficult because the rays

register any resistance by heavier tissue.233 A new

technique of taking x-rays has been introduced, called

tomography, with which it is possible to bring a "plane" at

any desired depth into sharp focus while omitting all

structures in front or behind that plane. The method has

been used to obtain sharply defined x-rays of the vocal

folds without bone shadows of the spine. Excellent tomographic

2 3 0David W. Brewer, editor, Research Potentials in Voice
Physiology (New York, 1964), pp. 55-56.

23 Meano, The Human Voice, pp. 69-70.

2322Ibid. pp. 71-73.

23 3 Brodnitz, Keep Your Voice Healthy, pp. 134-135.
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studies of the vocal folds in singing have been made but

the method is still too complex for general use.
2 3 4 ,2 3 5

With the advent of cinematography the goal of

researchers to make vocal fold vibrations visible seemed to

be within reach. However, for a long time technical diffi-

culties could not be overcome. Finally, in 1940, the Bell

Telephone Laboratories solved the problem by constructing

a camera which could take pictures at the rate of 4,000

exposures per second.2 3 6  The experiments of D. W. Farnsworth

produced a film of the human vocal cords in motion "that is

the fulfillment of a century old dream." Since then high

speed films of the vocal folds have become a highly valuable

research aide.237

With the development of modern electronics sound analysis

equipment advanced considerably. The cathode ray oscillograph

made sound visible. In this research method sound is fed by

way of a microphone into a box with a complicated circuit,

23 4 Robert Mason and Willard Zemlin, "The Phenomenon of
Vocal Vibrato," The NATS Bulletin, XXII (February, 1966), 13.

23 5 Michel Landeau and H, Zuili, "Vocal F~mission and
Tomograms of the Larynx," translated by Leona and William
Vannard, The NATS Bulletin, XIX (February, 1963), 6.

236
Pressman and Kelemen, "Physiology of the Larynx,"

pp. 506-507.

237 Fletcher, Speech and Hearing in Communication, p.
17.



57

the main component of which is a cathode tube. The bottom

of the cathode tube is visible as a dark screen in a window

of the box. The sound, transformed in the cathode tube

into an oscillating beam, becomes visible on the screen as

a luminous wave.238 This wave is not an actual air wave

but the electronic record of the sound. The patterns of

the oscillograph are as characteristic for an instrument or

239
voice as the handwriting of a person.

Another tool in the analysis of vocal sounds is the

recording of the sound spectrum. This is done on "wave

analyzers" which register automatically the number and the

intensity of the overtones and the fundamental. The results

are recorded on ruled paper in the form of vertical lines of

varying height, according to the intensity. The "sound

profiles" show the characteristic sound qualities of a voice

or an instrument. The study of these graphic recordings has

been used to answer many acoustical problems.2 4 0 ,2 4 1

Another useful instrument is the sound spectograph. it

converts speech sounds into visible, continually changing

patterns called spectrograms. The vocal sound enters a

23 8 Brodnitz, Keep Your Voice Healthy, p. 135.

23 9 Kaplan, Anatomy and Physiology of Speech, p, 19.

24 0 Ibid,, pp. 19-20.
241

Brodnitz, Keep Your Voice Healthy, pp. 135-136.
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high-fidelity magnetic tape recorder, and the signal is

stored on tape. The signal is reproduced a large number

of times by playing the tape back. Each time it is played

back, the signal is passed through a continuously changing

bandpass filter. This permits a different range of the

sound spectrum to be scanned at each playback. It has been

said that the patterns from a spectrograph, or spectrograms,

are as distinctive and individual as fingerprints.2 4 2

Electromyography is still another important tool in

the study of the physiology of the larynx. It is the

analysis of the electrical activity associated with muscle

contraction,243 The activity is "detected" by needle or

surface electrodes in electrical contact with the muscle.

Both types of electrodes have severe limitations. The

electromyogram (EMG) gives an indication as to which tasks

require the greatest effort in each particular muscle if a

number of different tasks are performed while the electrodes

are in place. Laryngeal electromyography has been used by

various researchers. 244

242
Harold M. Kaplan, Anatomy and Physiology of Speech,

2nd ed. (New York, 1971), p. 21.

24 3 Raymond B. Fink, Milos Basek, and V. Epanchin, "The
Mechanism of Opening the Human Larynx," Laryngoscope, LXVI
(1956), 410, 425.

244
William Vennard, Minoru Hirano, and John Ohala,

"Laryngeal Synergy in Singing," The NATS Bulletin, XXVII
(October, 1970), 16-17.
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Three other techniques, fluoroscopy, cinefluorography,

and cineradiography, have also been utilized for study of

the voice. Briefly, fluoroscopy is examination of internal

structures by x-rays, using a fluorescent screen covered

with crystals of calcium tungstate. Cinefluorography is

245
moving pictures made by fluoroscopy. Cineradiography

is the making of moving pictures by x-rays'.246

Since the time of Ferrein, who in 1741 was the first

to perform experiments with excised human larynges, our

knowledge of human vocal functions has been much improved

by information gained in this manner.2 4 7  The use of excised

larynges from animals or humans has enabled researchers to

photograph vocal fold activity while such factors as type

and consistency of air current, vocal fold mass, elasticity,

and tension are controlled.248 Much information pertaining

to pitch and intensity regulation has been obtained through

experiments with excised larynges. Of all the methods by

which research involving laryngeal functions is conducted,

this method has been in use the longest.2 4 9

24 5 Kaplan, Anatomy and Physiology of Speech, pp. 475-476.

46 Joseph S. Perkell, Physiology of Speech Production:
Results and Implications of a Quantitative Cineradiographic
Study (Cambridge, Mass., 1969), pp. ix, x.

24 7 Van den Berg and Tan, "Experiments with Human Larynxes,,"
p. 425.

2 4 8 Mason and Zemlin, "Phenomenon of Vocal Vibrato," p. 12.

24 9 Van den berg and Tan, "Experiments with Human Larynxes,"
p. 425.
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Since the turn of the century, the study of voice and

speech has developed as an important branch of science.

However, a complete understanding of the factors that go

into the making of vocal sound has not been reached.



CHAPTER III

THEORIES OF LARYNGEAL VIBRATION

FROM 1945 TO THE PRESENT

Earnest study of the physiology of the vocal organs

and phonation has been carried on since before the time

of Manuel Garcia's invention of the laryngoscope. Since

the turn of the present century constantly improving equip-

ment and research techniques have made it possible to

examine with even greater scrutiny the articulatory motions,

the mechanics and aerodynamics of the respiratory system,

and the activity of the muscles that control the structures

utilized in voice production In considering the physical

principles of laryngeal vibration, both the vocal pedagogue

and the scientist are faced with several basic facts of a

2
physiological or a physical nature. For example, it is

known that the vocal folds must be a certain length, thick-

ness, and tension to create the sound waves characteristic

of different pitches. However, vocal authorities are not

1 Joseph S. Perkell, Phys iology of Speech Production:
Results and Implications of a Quantitative Cineradiographic
Study (Cambridge, Mass., 1969), p. ix.

2 D. Ralph Appelman, The Science of Vocal Pedagogy
(Bloomington, Ind., 1967), p. 61.
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in agreement as to what causes the initial vibration of

the vocal folds..3

As previously noted, theories of phonation from 1930

4
to 1945 were reviewed in Fields' Training the Singing Voice.

Theories of laryngeal vibration described in written form

in English from 1945 to the present are discussed in this

chapter. Areas for consideration include myoelastic-

aerodynamic ideas, aerodynamic views, myoelastic concepts,

neurochronaxic ideas, "puff" theories, vortex opinions,

sinus tone production theories, and analoyies between the

voice and instruments.

The Myoelastic-Aerodynamic Theory
of Laryngeal Vibration

The myoelastic-aerodynamic theory of laryngeal vibra-

tion is based on both aerodynamic and myoelastic elements.

According to William Vennard "we must combine both of these

ideas in our concept of phonation."5 Janwillem Van den Berg,

Director of Research at the Physiological Laboratory, State

University of Groningen (Holland) states:

30tis Davis Simmons, "Neurophysiology and Muscular
Function of the Vocal Mechanism: Implications for Singers
and Teachers of Singing," unpublished doctoral dissertation,
School of Music, University of Kansas, Lawrence, Kansas,
1965, p. 111.

4 Victor Alexander Fields, Training the Singing Voice,
(New York, 1947), pp. 98-128.

5William Vennard, Singing, the Mechanism and the Technic,
rev. ed. (New York, 1967), p. 42.
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The myoelastic-aerodynamic theory . . . postulates
vibratory vocal folds which actuated by the sub-
glottic pressure and the stream of air delivered
by the trachea and lungs. Thus., the fundamental
frequency of the vibrations is thought to depend
on the effective mass and stiffness of the vocal
cords, which are regulated in all fine detail by
the momentaneous innervation of internal and
external laryngeal muscles, and to some extent
by the activity of the bellows and the response
of the resonator. 6

Van den Berg believes the myoelastic-aerodynamic theory is

the best explanation of phonation because laryngeal vibra-

tion depends on a number of interdependent factors. These

factors deal with both elements, not just aerodynamic, and

not just myoelastic, concepts. He states that these inter-

dependent factors are

(1) the effective mass of the vibrating part of
the vocal folds, (2) the effective tension in
the vibrating part of the vocal folds, (3) the
effective area of the glottis during the cycle,
which determines how much Bernoulli effect
there will be, (4) the effective value of the
breath pressure, and (5) the damping of the
vocal folds.7

The "damping" of the vocal folds to which Van den Berg

refers is connected with high frequencies of the voice. When

the vocal folds are vibrating at high pitches they may not

have time to open or close fully in each vibratory cycle.8

6 Janwillem Van den Berg, "On the Myoelastic-Aerodynamic
Theory of Voice Production," The NATS Bulletin, XIV (May,
1958), 7.

7Ibid., p. 10.

8Vennard, Singing, the Mechanism and the Technic, p. 67.
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For example, in the middle falsetto range only the forward

half of the vocal folds has time to open. In the highest

notes a very small portion at the forward end will open and

close again before the rest of the vocal folds can open.

In this stage the folds are tense and show no motion in the

rear.9 It should be pointed out that damping does not occur

in all singers. The exact manner in which "damping" occurs

is, as yet, unsolved.1 0

Another important aspect of this theory is segmental

vibration. The pitch which results when an object vibrates

its full length is called the fundamental. The fundamental

identifies the pitch of the sound. However, for any object

to vibrate only its full length is rare outside of a labora-

tory. Vibrations are usually very complex and are composed

of a number of waves because an object vibrates in halves,

quarters, etc. in addition to vibrating full length. These

vibrations blend into what is called a "tone complex." Thus

most tones, including those due to laryngeal vibration, are

composed not only of the fundamental but also of overtones,

or harmonic partials. In voice production at the glottis

this is accomplished by means of segmental vibration, in

9 Friedrich Brodnitz, Keep Your Voice Healthy (New York,
1953), pp. 34-35.

l0Vennard, Singing, the Mechanism and the Technic, pp.
68-69.

llCharles F. Diehl, Introduction to the Anatomy and
Physiology of the Speech Mechanisms (Springfield, Ill., 1968),
p. 98.
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addition to full length vibration, of the vibrating portion

of the vocal folds.2 As pointed out in Chapter II a

fundamental and its overtones produced by the vocal folds

are then modified by the resonating cavities before becoming

the final product of "voice." Like damping, the manner in

which segmental vibration occurs is not completely understood

13
as yet.

Anatomically, the laryngeal mechanism is one of the

most complex structures in the human body. The aerodynamic-

myoelastic theory, in explanation of this mechanism, is

based on many elements. Thus, intensity depends on the

amplitude of vocal fold vibrations which in turn depend on

the breath pressure and the accuracy with which the vocal

resonators are "tuned" to the fundamental. The basis of

pitch is the frequency of the vocal fold vibrations, which

depends on the interrelated factors of (1) Length, thick-

ness, breadth, stiffness, and damping of the vibrating parts

of the vocal folds, (2) The muscle force tending to close

the vocal folds, (3) Breath pressure, and (4) Time relation-

ships of opening, closing, and shut phases of vocal fold

movement. Quality, or timbre, is dependent on the harmonic

12 Donald Ecroyd, Voice and Articulation (Glenview, Ill.,
1966), p. 45.

1 3Norman A. Punt, The Singer's and Actor's Throat, 2nd.
ed. rev. (London, 1967) , p. 17.
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partials, or overtones, of the fundamental laryngeal pitch.

These harmonic partials are believed to depend on segmental

vibration of the vocal folds as well as amplification of

overtones due to shape, dimensions, and texture of the

resonating cavities .:L4

In sound production all the elements discussed are

constantly changing in relationship to one another. At

times aerodynamic factors may be more important, at other

times myoelastic factors may be the most important. Most

of the time there will be a balance of the two.1 5

Not all the authors reviewed related their views in as

much detail as had the explanation of the theory in this

discussion. However, both the importance of breath and

muscular tension, the bases of this theory, were often

mentioned. To illustrate, a few selected typical statements

follow.

Charles Scott states:

the rate at which the breath passes the
vocal cords . . . will be governed by the
power of the breath and the resistance of the
vocal cords and . . . both of these factors
are interdependent .16

Franklyn Kelsey says:

14 Ibid., p. 25.

1 5William Vennard, Minoru Hirano, and John Ohala, "Chest,
Head, and Falsetto," The NATS Bulletin, XXVII (December, 1970),
37.

16 Charles Kennedy Scott, The Fundamentals of Singing
(London, 1954), p. 72.
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Vocal sound is the product of the continuous
collision of two energies or forces, the first
of which consists of a weight of compressed
air, and the second a muscular tension placed
continuously in opposition to it. The generator
of the first energy is the diaphragm; that of
the second foie is the muscular system of the
larynx . .

Cornelius Reid expresses his viewpoint thus:

Because the vocal cords are elastic, they can be
made to vibrate by directing breath pressure
against them, and it is this action that estab-
lishes pitch . . . . At all times during
phonation there is a proportionate sharing of
tension between the laryngeal muscles . . . .
Pitch cannot be initiated without the breath
and the action of the vocal cords . . . 18

Leonard Gowings believes the following:

In the human voice (1) is the pair of vocal
cords which by tension and vibration produce
vocal tone; (2) is the breath causing the 19
cords to vibrate; (3) the resonators . . .

In addition to Vennard, Van den Berg, and the other

authors who view vocal fold vibration as being based on

muscular tension and elasticity as well as breath pressure

include (this list, although long, is included in the

17 Franklyn Kelsey, The Foundations of Singing (London,
1950), p. 36.

18 Cornelius L. Reid, The Free Voice (New York, 1965),
pp. 13, 43, 210.

1 9Leonard Gowings, "Singing," Music, II (Spring, 1968),
33.
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interest of completeness): Cornwall,20 Katsuki,2 1

Pescia, Parker,2 3 Schmidt,24 Slater,2 5 Waters,2 6

Zerffi,2 7 Apel,2 8 Foot,2 9 Gardner,30 Coryell,3 1 Hargrave,3 2

2 0 Burton Cornwall, "A Natural Approach to Voice," Music
Journal, XXIX (January, 1971), 28.

2 1Yasuji Katsuki, "The Function of the Phonatory Mus-
cles," Japanese Journal of Physiology, I (1950), 35-36.

22 Astolfo Pescia and M. Fellowes, "Singing Means Pro-
duction," Etude, LXVI (December, 1948), 737.

23A, Mercer Parker, "Health of the Singer's Instrument,"
Etude, LXIV (May, 1946), 255.

24Reinhold Schmidt, "Bricks Without Straw," The NATS
Bulletin, X (January/February, 1954), 6.

25 Frank Slater, "The Art of Singing and the Science of
Teaching It," The Southwestern Musician, XVI (February, 1950),
26.

26
Crystal Waters, "Is There a Break in Your Voice?"

Etude, LXVII (April, 1949), 221, 256.
2 7William A. Zerffi, "Mail Pouch: Care of Vocal Cords,"

New York Times, January 1, 1956, Sec. 2, p. 7.
2 8Willi Apel, "Voice," rev. by 0. Averino, Harvard Dic-

tionary of Music, 2nd ed. (Cambridge, Mass., 1969),, p. 918.

2 9 Edwin L. Foot, "The Effect of the Intensity of Auditory
Feedback on the Loudness-Intensity, Quality-Wave Form, and
Intelligibility of the Singer's Voice," unpublished doctoral
dissertation, School of Music, University of Kansas, Lawrence,
Kansas, 1965, p. 30.

30
William H. Gardner, "An Analysis of Twenty-Five Vocal

Methods of the Twentieth Century," unpublished master's thesis,
School of Music, North Texas State University, 1949, pp. 33-34.

3 1 Samuel E. Coryell, "The Male Falsetto," unpublished
master's thesis, School of Music, North Texas State University,
1967, pp. 31-33.

32 William K. Gargrave, "The Genio-hyoid Vocal Inter-
ference," unpublished master's thesis, North Texas State
University, 1960, pp. 46, 49, 51.
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Field-Hyde,33 Miller,34 Rose,35 Cleall,36 Reeves,37

Rushmore,3 8 Heffner,3 9 Gray and Wise,4 0 Macworth-Young,4

Culver,4 2 Anderson,4 3 Adler,4 4 Appelman,4 5 Oncley,4 6

33 Frederick Field-Hyde, The Art and Science of Voice
Training (London, 1950), pp. 143-145, 151-152.

34
R. L. Miller, "Nature of the Vocal Cord Wave," Journal

of the Acoustical Society of America, XXVIII (January, 1956),
159.

3 5Arnold Rose, The Singer and the Voice, 2nd ed. (New
York, 1971), pp. 43-44.

36 Charles Cleall, Voice Production in Choral Technique
(Sevenoaks, England, 1969), p. 41.

3 7 Zoe Reeves, "Science Triumphs over the Lost Cord,"
Hygeia, XXIII (February, 1945), 106.

8 Robert Rushmore, The Singing Voice (New York, 1971),
p. 173.

39
Roe-Merrill S. Heffner, General Phonetics (Madison,

Wisconsin, 1949), pp. 23-24, 86.

4 0 Giles Gray and Claude Wise, The Bases of Speech, 3rd.
ed. (New York, 1959), p. 136.

4 1 Gerald Macworth-Young, What Happens in Singing? (New
York, 1956), pp. 46-50.

42 Charles A. Culver, Musical Acoustics, (New York, 1956),
pp. 226-227.

43 Virgil A. Anderson, Training the Speaking Voice (New
York, 1961), pp. 64-65.

4 4 Kurt Adler, The Art of Accompanying and Coaching
(Minneapolis, Minn., 1965), p. 38.

4 5 D. Ralph Appelman, The Science of Vocal Pedagogy
(Bloomington, Indiana, 1967), p. 62.

46 Paul B. Oncley, "What Acoustics Means to the Teacher
of Singing," The NATS Bulletin, VIII (September/October,
1951), 8.
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Sunderman,4 7 Pressman,48 Desfosses,49 Barrett-Ayres,50

Kagen, 51 Huls , 52 Frisell, 5 3 ,5 4 Emil-Behnke, 55 Bairstow, 5 6

Fletcher,5 7 Gardiner,5 8 Hockett,5 9 Hoops,6 0 Morgan,61

47 Lloyd F. Sunderman, Artistic Singing (Metuchen, N. J.,
1970), p. 67.

4 8 Joel Pressman, "Sphincters of the Larynx," Archives
of Otolaryngology, LIX (February, 1954), 223.

4 9 Beatrice Desfosses, Your Voice and Your Speech, rev.
ed. (New York, 1959), pp. 100-101.

5 0 Reginald Barrett-Ayres, Singing For Fun (London,
1959), pp. 23, 28.

5 1 Sergius Kagen, On Studying Singing (New York, 1950),
p. 41.

52 Helen Steen Huls, The Adolescent Voice (New York,
1957), p. 24.

53 Anthony Frisell, The Tenor Voice (Boston, 1964),
pp. 29, 75.

5 4 Anthony Frisell, The Soprano Voice (Boston, 1966),
pp. 17-18, 78.

5 5Kate Emil-Behnke, The Technique of Singing (London,
1945), pp. 46, 104-105.

5 6Edward C. Bairstow, Singing Learned from Speech
(London, 1946), pp. 9, 13.

5 7Harvey Fletcher, Speech and Hearing in Communication,
2nd. ed. (New York, 1953), pp. 19-20, 49.

58 Julian Gardiner, A Guide to Good Singing and Speech
(London, 1968), pp. 59, 61-62.

5 9 Charles Hockett, A Manual of Phonology (Baltimore,
Md., 1955), p. 27.

60 Richard Hoops, Speech Science (Springfield, Ill.,
1960), pp. 5-6.

6 1 Lucia C. Morgan, Voice and Diction Drillbook (Dubuque,
Iowa, 1951) , pp. 9, 28.
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Mayer,62 Metzger,63 Pierce and David,64 Tomlins,65 Van

Riper and Irwin,66 Winsel, 67Carp, 68Taylor,69 Seltzer,7 0

Manser and Finlan,7 Roma,7 2 Kaplan, 73Fields,74

62 Lyle V. Mayer, Notebook for Voice and Diction (Dubuque,
Iowa, 1953), pp. 110, 124.

63 Zerline M. Metzger, Individual Voice Patterns (New
York, 1966), pp. 24, 44-45,

64 John R. Pierce and Edward David Jr., Man's World of
Sound (New York, 1958), pp. 58, 60-62.

65 William L. Tomlins, Song and Life (Boston, 1945),
pp. 51-52.

66 Charles Van Riper and John V. Irwin, Voice and Arti-
culation (Englewood Cliffs, New Jersey, 1958), pp. 445-446.

6 7 Regnier Winsel, The Anatomy of Voice (New York, 1966),
pp. 36-37, 51.

68 Louis Carp, "The Physiology and Psychology of the
Singing Voice," Music Journal, XIV (October, 1956), 10-11,
50-51.

6 9 Robert M. Taylor, "Acoustics as an Aid to Ease of
Singing," The NATS Bulletin, XII (November, 1955), 19.

70
Albert P. Seltzer, "The Singer's Voice and the Sinuses

of the Nose," Etude, LXIX (May, 1951), 16.

7 1 Ruth B. Manser and Leonard Finlan, The Speaking Voice
(New York, 1950), p. 46.

72 Lisa Roma, The Science and Art of Singing (New York,
1956),pp. 4, 24.

73 Harold Kaplan, Anatomy and Physiology of Speech, 2nd.
ed. (New York, 1971), p. 4.

74 Victor A. Fields, The Singer's Glossary (Boston, 1952),
pp. 17, 42, 11, 64.
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Denes and Pinson,75 Luchsinger and Arnold,76 Timcke, von

Leden, and Moore, Floyd, Negus, and Neil,78 Arnold,79

Smith, Meader and Muyskens,81 and Tarneaud.82 Two

authors, Doscheck and Cates, seem to favor a combination of

the myoelastic-aerodynamic theory and the neurochronaxic

theory.
8 3 ,8 4

The Aerodynamic Theory of
Laryngeal Vibration

The aerodynamic theory of laryngeal vibration is based

on the properties of air, or expired breath, in motion, and

7 5 Peter B. Denes and Elliot N. Pinson, The Speech Chain
(Baltimore, Md., 1963), pp. 39-41.

7 6 Richard Luchsinger and Godfrey Arnold, Voice-peech-
Language, trans. by G. Arnold and E. Finkbeiner (Belmont,
California, 1965), pp. 25-27.

7 7 Rolf Timcke, Hans von Leden, and Paul Moore, "Laryn-
geal Vibrations: Measurements of the Glottic Wave," Archives
of Otolaryngology, LXVIII (July, 1958), 3, 18.

71W. F. Floyd, V. E. Negus, and E. Neil, "Observations
on the Mechanism of Phonation," Acta Oto-Laryngologica, XLVIII,
(July/August, 1957), 16, 25.

7 9 Godfrey E. Arnold, "Physiology and Pathology of the
Cricothyroid Muscle, " Laryngoscope, LXXI (July, 1961), 707-709.

8 0 Svend Smith, "'Remarks on the Physiology of the Vibra-
tions of the Vocal Cords," Folia Phoniatrica, VI (1954).,p.177.

8 1 Clarence Meader and John Muyskens, Handbook of Bio-
linguistics (Baltimore, Md., 1950), pp. 272-273.

8 2 Jean Tarneaud, "A Psychological and Clinical Study of
the Pneumophonic Synergy, " The NATS Bulletin, XIV (February,
1958), 12-15.

8 3 Anthony Doschek, "The Commonality of Speaker Systems
and Musical Instruments," Audio, LII (December, 1968), 23.

84 Millard H. Cates, Guide for Young Singers (Ann Arbor,
Michigan, 1959), p. 5.
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its mechanical effects.85 The aerodynamic theory is now

usually paired with the myoelastic theory as will be

discussed later. However, since not all the authors

reviewed mentioned both elements, the two aspects will

first be discussed separately. The aerodynamic theory

"does not deny muscular factors, but neither does it depend

upon them--it is completely aerodynamic, throwing emphasis

upon breath flow." 8 6

An important element of the aerodynamic theory is the

Bernoulli Effect.8 7 ,8 8  The Bernoulli Effect can be

demonstrated by holding a sheet of paper against your chin

(see Figure 2, A) and then blowing. The paper will rise

(see Figure 2, B). The underlying principle is that when

Fig. 2--Demonstration of the Bernoulli Effect8 9

8 5 Vennard, Singing, the Mechanism and the Technic, p. 244.
8 6 Ibid., p. 42.

8 7 Appelman, The Science of Vocal Pedagogy, pp. 68-69.

88J. Van den Berg and T. S. Tan, "Results of Experiments
with Human Larynxes," Practica Oto-Rhino-Laryngologica, XXI
(No. 6, 1959), 449.

89William Vennard, "The Bernoulli Effect in Singing,"
The NATS Bulletin, XVII (February, 1961), 8.
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a gas or liquid is in motion it exerts less than normal

pressure on the surrounding environment. Atmospheric

pressure was normal on both sides of the sheet in Figure

Two, A. The paper rose in Figure Two, B, because the

pressure was reduced above the paper by the air motion of

the expired breath. Thus, the pressure below was sufficient

to raise the paper to a horizontal position.90 The Bernoulli

Effect is the same principle used in aviation as the lifting

force of airplanes.91 Its "suction" effect is used in

atomizers. it is also a factor in the vibrators of wind

instruments .92,93

Another demonstration of the Bernoulli Effect which is

more analogous to the vocal folds is achieved by holding two

sheets of paper, one sheet in each hand, vertically to the

lips and blowing between them. When you blow the sheets will

come together and begin to vibrate,9 4 ,9 5  The Bernoulli

Effect with its sucking action is what brings the sheets

9 0 Ibid.
91 Taylor, "Acoustics as an Aid to Ease of Singing," p.

19.

92 Vennard, "The Bernoulli Effect in Singing," p, 8.

93
Joel J. Pressman and George Kelemen, "Physiology of

the Larynx," Physiological Reviews, XXXV (July, 1955),, 541.

94
Vennard, Singing, the Mechanism and the Technic, p. 42.

95 Van den Berg, "On the Myoelastic-Aerodynamic Theory,"
p. 11.
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together. Bringing the sheets together stops the flow of

air (or breath), but the air flow blows the sheets apart

again. The sheets are sucked together again immediately.

This cycle keeps repeating as long as there is air (breath)

flow.9 6 ,9 7 In other words, in voice production the flow of

breath "sucks" the glottis, or vocal folds, shut which stops

air flow momentarily. Then air pressure blows the glottis

open again and air flow begins again. The cycle repeated

produces laryngeal vibration. 9 8

In support of this aerodynamic concept of phonation

physicist Vincent Salmon of the Stanford Research Institute

states:

To the physicist the principal source of the
energy in voice sounds comes from the self-excited
oscillation of the vocal folds, caused by the flow
of air between them. The primary feedback mechanism
that makes possible and sustains oscillation is the
Bernoulli Effect that has been discussed in papers
by Dr. Van den Berg and others. . . . The vocal
folds, when in oscillation, provide essentially a
modulating action upon the flow of air. In other
words, the varying area of the glottal opening
provides a metering action upon the air flow that
alternately increases and decreases it. Accompany-
ing these flow rate variations are the pressure
variations that constitute sound. 9 9

96Van den Berg, Janwillem, "Mechanism of the Larynx and
the Laryngeal Vibrations," Manual of Phonetics, edited by B.
Malmberg (Amsterdam, 1968), pp. 291-292.

97$mith, "Remarks on the Physiology of the Vibrations
of the Vocal Cords," p. 171.

98 Vennard, Singing, the Mechanism and the Technic, p. 42.

9 9Vincent Salmon, Research Potentials in Voice Physiology,
edited by David Brewer (Albany, New York, 1964), p. 86.
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The aerodynamic concept thus views air, or breath flow,

as the most important element, or the "motor force," of

voice. As stated previously muscular, or myoelastic, elements

are not denied, but they are not considered as important as

the aerodynamic elements of voice production. Other authors

reviewed who supported the aerodynamic concept include Adolph

Bergman, Ralph 14. Brown,1 0 1 George Bowen and Kenneth Nook,1 0 2

Van Ambrose Christy,1 03 Richard De Young104 Clyde Dengler,1 0 5

David Ffrangcon-Davies,106 Charles Granville,107 Richard

Graves,10 Dale Gilliland,109 and Reginald Jacques. Still

10 0Adolph Bergman, Creating and Developing a Singing
Voice (New York, 1950), p. 97.

10 1Ralph Morse Brown, The Singing Voice (New York, 1946),
p. 63.

1 0 2 George 0. Bowen and Kenneth C. Nook, Song and Speech
(Boston, 1952), pp. 6, 60.

10 3Van Ambrose Christy, Expressive Singing, II (Dubuque,
Iowa, 1961),, 37.

1 04 Richard De Young, The Singer's Art (Chicago, 1958).,
p. 53.

1 0 5 Clyde Dengler, Read This and Sing (Philadelphia,
1945), pp. 24-25, 38.

1 06David Ffrangcon-Davies, The Singing of the Future
(Milwaukee, 1968), p. 73.

1 0 7 Charles Granville, The Granville Vocal Study Plan
(New York, 1950),, p. ix.

1 0 8 Richard M. Graves, Singing for Amateurs (London,
1954), pp. 3, 13-14.

1 0 9 Dale V. Gilliland, Guidance 'in Voice Education
(Columbus, Ohio, 1970), pp. 21, 164-165.

11 0 Reginald Jacques, Voice Training and Conducting in
Schools (London, 1953), pp. 28-29.
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other authors who favored an aerodynamic theory of laryngeal

vibration were Teodosio Longo,111 Louis Levy, 12 William

Rice,113 Aksel Schioetz, 1 1 4 Ivan Trusler and Walter Ehret,1 1 5

Clarence Thorpe,1 1 6 Diana Irvine,117 Ray Middleton,118 and

Frank Kidson.1 1 9

The Myoelastic Theory of
Laryngeal Vibration

The myoelastic theory of laryngeal vibration is based

on the properties of the laryngeal muscles having to do with

their elasticity, tension, and dimensions.120,121 The

lllTeodosio Longo, Fundamentals of Singing and Speaking
(New York, 1945) , p. 31.

11 2 Louis Levy, Voice and Diction Handbook (New York, 1950),
pp. 55, 88, 96.

1 1 3William C. Rice, Basic Principles of Singers (New York,
1961), pp. 8, 12.

11 4 Aksel Schioetz, The Singer and His Art (New York, 1970),
pp. 1-2.

11 5 1van Trusler and Walter Ehret, Functional Lessons in
Singing (Englewood Cliffs, N. J., 1960), p. 3.

11 6 Clarence R. Thorpe, Teach Yourself to Sing (London,
1964), p. 7.

1 7 Diana Irvine, "What Makes Us Speak and Sing," Musician,

LII (April, 1947), 5.

11 8 Ray Middleton, "Singing Voice--Speaking Voice," Etude,
LXIX (November., 1951),, 13.

1 1 9 Frank Kidson, "Voice Training," Grove's Dictionaryof
Music and Musicians, 5th ed. (London, 1961), pp. 467-468.

12 0 Vennard, Singing, the Mechanism and the Technic, p. 240.

12 1 Brewer, Research Potentials in Voice Physiology, p. 57.
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myoelastic theory views the muscular elements as being

more important to voice production than does the aero-

dynamic theory. This theory holds that the muscular

element is the most important aspect of laryngeal vibra-

tion. The importance of air flow and breath pressure are

not denied. However, the breath is not considered as

important to voice as the muscular activity of the vocal

folds. In other words, the vocal folds and their adjust-

ments act on the air, the air does not act on the vocal

folds (as in the aerodynamic theory). 122 The basic concept

is one of muscle tension resisting the breath pressure.1 2 3

The vocal folds back the breath until its pressure is

greater than the vocal folds' tension.1 2 4 Consequently

air escapes until pressure is reduced to the point when

the elasticity and tension of the vocal folds can stop

the flow of breath again. This stopping of the breath

flow with consequent escape of air is the basis of the

vibratory cycle. The cycle is repeated over and over as

long as the vocal folds are in a state of adduction.1 2 5 ,1 2 6

12 2 Martin Joos, Acoustic Phonetics, Language Monographs,
No. 23 (Baltimore, 1948), p. 38.

12 3 Vennard, Singing, the Mechanism and the Technic,
p. 42.

124Ibid., p. 15.

125Joos, Acoustic Phonetics, p. 37.

1 2 6 Vennard, Singing, the Mechanism and the Technic, pp.
15, 241.
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The varying degrees of tension and dimensions possible

in the vocalis muscles create the varying pitches.
1 2 7 ,1 2 8

The number of adjustments "is infinite," 1 2 9 Robert Taylor

names three factors as being of importance in this respect:

130
thickness, tension, and vibrating length of the vocal folds.

In connection he states:

The fact that each of these three factors can be
mutually coadjusted eliminates any necessity for
a relatively large adjustment of any single factor.
For example, relative thinness in the vibrating
length of the cord makes larger variations of ten-
sion on the vocal cords unnecessary in order to
make a high tone.1 3 1

In support of this idea Harry Hollien says that the "litera-

ture on vocal physiology reveals a consensus that vocal

fold length and vocal pitch are related."1 3 2  The vocalis,

or the internal thyroarytenoid, muscles form the muscular

portion of the true vocal folds. Because they are part of

the vibrating mass of the folds. The vocalis muscle is

1 2 7Wolfgang Zenker, Research Potentials in Voice
Physiology, edited by David Brewer, p. 57.

12 8 Van den Berg, "The Larynx and Laryngeal Vibrations,"
pp. 294-295.

129Ibid., p. 296.

13 0 Taylor, "Acoustics as an Aid to Ease of Singing," p. 19.

13 1 Ibid.

13 2 Harry Hollien, "Vocal Pitch Variation Related to
Changes in Vocal Fold Length," Journal of Speech and Hear-
ing Research, III (June, 1960), p. 150.
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believed, according to Wolfgang Zenker of the Anatomical

Institute of the University of Vienna (Austria),, to perform

the following functions: (1) to determine the shape of the

vibrating mass as well as the amount, or segment, taking

part in vibration, (2) to produce a "formative effect" on

the vibratory cycle, (3) to take part, along with other

laryngeal muscles, in the adjustment of the arytenoid

cartilages.1 3 3  Scientist Harry Hollien agrees with Zenker 's

opinion. 134,135

Thus, in the myoelastic concept of laryngeal vibration

the vocal folds serve as vibrators, act upon the formation

of the vibratory cycle, and produce pitch changes. These

myoelastic concepts are viewed as being of primary importance

to voice production. Breath and aerodynamic elements are

viewed as being of secondary importance. Additional authors

reviewed who supported the myoelastic theory were Norma and

Thomas Chadbourne,1 3 6 Eugene Gamber,137 David McClosky,1 38

13 3 Zenker, Research Potentials in Voice Physiology, p. 7.

1 3 4 Harry Hollien, "Some Laryngeal Correlates of Vocal
Pitch," Journal of Speech and Hearing Research, III (March,
1960), 57.

13 5 Harry Hollien and G. Paul Moore, "Measurements of the
Vocal Folds During Changes in Pitch," Journal of Speech and
Hearing Research, III (June, 1960), 164.

13 6 Norma J. and E. Thomas A. Chadbourne, Breath Pressure,
Part III of Singer's Manual, 5 vols. (White Plains,, New York,
1951), pp. 102, 104-105, 107-108.

1 3 7 Eugene Gamber, Your Guide to Successful Singing
(Chicago, 1950), pp. 56, 86-87, 135.

1 3 8David B. McClosky, Your Voice At Its Best (Boston,
1959), pp. 26, 123.
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William Ross, 139 Edna C. Ririe,140 William Armstrong,1 4 1

Orville Borchers,142 and Charles Sherrington.143 Edgar

Herbert-Caesari, taking a different approach, seems to

favor a combination of the myoelastic theory and the vortex

theory (discussed later in the chapter) .144

The Neurochronaxic Theory of
Laryngeal Vibration

In 1950 a theory of laryngeal vibration was propounded

in France by Raoul Husson which "created a great wave of

interest."1 4 5 '1 4 6  Husson and his co-workers performed, over

many years (1950-1960), experiments in the laboratory which

13 9 William E. Ross, Sing High Sing Low (New York, 1948),
pp. 25-26.

14 0 Edna Crowther Ririe, Voice Through Vitality (Salt
Lake City, Utah, 1960), pp. 11, 18.

1 4 1William G. Armstrong, "The Use of the Palato-Pharyngeal
Muscles in Singing," Etude, LXIII (February, 1945), 75.

14 20rville J. Borchers, "What Is An Open Throat In
Singing?" The Southwestern Musician, XVI (July, 1950),, 16.

14 3 Charles Sherrington, cited in Negus and Fry, "Voice,"
p. 99.

14 4 Edgar F. Herbert-Caesari, Tradition and Gigli, 1600-
1955; a Panegyric (London, 1963), pp. 42-43.

1 4 5William Vennard, Singing, the Mechanism and the
Technic (New York, 1967), p. 57.

14 6Victor E. Negus and Dennis B. Fry, "Voice,"
Encyclopaedia Britannica, XXIII (Chicago, 1970), 99.
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"may be of major importance" to science in the future.1 4 7

The research conducted included stroboscopic and tomographic

studies of the vocal organs of numerous professional singers. A8

Husson's theory is at variance with many aspects of previ-

ously accepted theories. In 1956 he stated:

In a series of extended works since January
1950, I have shown that the human larynx is a
neuromuscular effector constructed of vocal cords
that manifest, in phonation, a vibrating phase of
opening at each action potential reaching them
from the recurrent nerve.14 9

The recurrent nerve is a branch of the vagus, or the

tenth cranial, nerve.1 5 0 ,1 5 1 The "neuronal pathway" from

the cerebral center for speech and song to the larynx is by

way of the vagus nerve. Brain impulses which reach the

vagus nerve are transmitted along two branches of the nerve,

the superior laryngeal nerve and the inferior laryngeal

nerve. The inferior laryngeal nerve, which has two divisions,

is the recurrent nerve. The impulses from the recurrent

nerve innervate all the intrinsic muscles of the larynx

1 4 7 Pressman and Kelemen, "Physiology of the Larynx,"
p. 541.

14 8 Foot, "The Effect of the Intensity of Auditory Feed-
back," p. 31.

14 9 Raoul Husson, "A New Look at Phonation," translated
by Jill Perkins, The NATS Bulletin, XIII (December, 1956),

150
Kaplan, Anatomy and Physiology of Speech, p. 71.

15 1Lyman S. Judson and Andrew T. Weaver, Voice Science,
2nd ed. (New York, 1965), p. 54.
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except the cricothyroid muscles. The superior laryngeal

nerve, which has two main branches, supplies sensory fibers

to the mucous membrane inside the larynx.1 5 2 ,1 5 3

According to Vennard, chronaxy is the "minimum time

required for excitation of a nerve cell by constant electric

current of twice the threshold voltage."154 This limits the

number of muscle contractions due to nerve impulses that are

possible per second. According to Husson's theory the chro-

naxy of the recurrent nerve is such that it can transmit

frequencies up to about 500 impulses per second. Previously,

most phoniatricians thought the nerves capable of only a

hundred or two hundred impulses per second, at most. Husson

states that 500 impulses, or "action potentials" per second,

which would be C4 (third space, treble clef), is not neces-

sarily the highest note one can sing, but the "top limit of

the lowest register." For singing higher than C4 a "dephasage"

must take place, which translated means "phase shift." This

means that half of the nerve fibers delay their impulses to

come between the impulses of others. In this way twice as

many "action potentials" are sent to the vocal folds and thus

152 Otis Davis Simmons, "Neurophysiology and Muscular
Function of the Vocal Mechanism: Implications for Singers
and Teachers of Singing," The NATS Bulletin, XXII (October,
1965), 22.

15 3 Van Riper and Irwin, Voice and Articulation, pp. 440-
443.

15 4 Vennard, Singing, the Mechanism and the Technic, p.
260.
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a higher tone is sung. Since only half as many muscle

fibers are being contracted at each vibration the result-

ing tone will have less power and will be thinner and
155 156softer. In connection, Husson states, "The limits

of frequency in the function of the neuro-muscular laryngeal

effector are those of the human voice, as stroboscopic

observation confirms. "157

In proof of this theory Husson demonstrated that the

vocal folds in vibration responded beat for beat to the

"action potentials" of the same frequency transmitted from

the brain through the recurrent laryngeal nerve. Innerva-

tion of the fibers is made possible, according to this

theory, by the insertions of nerve endings from the recurrent

nerve into the muscular fibers. Therefore, any changes in

the rate of rhythmic flow of the nerve impulses would cause

a similar muscular change and thus change the vibration of

the vocal folds.15 8 ,159  In other words the muscle fibers

of the laryngeal muscles show a refractory phase which is

1 5 5William Vennard, "Some Implications of the Husson
Research," The NATS Bulletin, XIII (February, 1957), 4-5, 26.

15 6 Husson, "A New Look at Phonation," pp. 12-13.
15 7 Ibid., p. 12.

158 Raoul Husson, "The Classification of Human Voices,"
The NATS Bulletin, XIII (May, 1957), 7.

15 9Luchsinger and Aronld, Voice-Speech-Language, pp.
26-27.
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the same as that of the axons of the recurrent nerve so

that the two "function in phase." The "action potentials"

originate from action of the brain cells. 1 6 0 ,1 6 1  Thus,

the neurochronaxic theory assigns to pitch a cephalic origin.

The pitch originates in the cerebral centers, in the part

of the brain singers call "the ear." Neural impulses are

then transmitted from the brain to the vocal folds at the

actual frequency desired. 162,163The larynx, then, is a

"motor effector" of cerebral stimuli. 1 6 4 ' 1 6 5

The neurochronaxic theory has support from other

scientists and vocal authorities. According to anatomical

studies, done microscopically, by Goerttler (1951) the

arrangement of the transverse fibers of the internal

thyroarytenoid muscles, which are inserted "like the teeth

of a comb" along the free margins of the vocal folds, is

such that the stimuli to them can result in separation and

approximation, or a contractual undulation, thus producing a

16 0 Pressman and Kelemen, "Physiology of the Larynx,"
p. 541.

16 1 Husson, "A New Look at Phonation," pp. 12-13.

16 2 Vennard, "Some Implications of the Husson Research,"
p. 4.

16 3 Carlo Meano, The Human Voice in Speech and Song, trans-
lated by A. Khoury (Springfield, Ill., 1967), p. 59.

16 4 Friedrich S. Brodnitz, "The Voice of the Speaker and
Singer," Voice and Speech Disorders: Medical Aspects, edited
by N. M. Levin (Springfield, Ill., 1962), p. 433.

16 5 Pressman and Kelemen, "Physiology of the Larynx,"
p. 541.
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vibratory period.1 6 6 '1 6 7  For example, the brain sends 440

action potentials per second, to produce the tone A above

Middle C, through the recurrent laryngeal nerve to the

thyroarytenoid muscle which then reacts to each action

current and vibrates at the rate of 440 vibrations per sec-
168

ond. Goerttler's anatomical conclusions fit very well

with the neurochronaxic theory of phonation as can be seen

from the following statement by Husson:

If we consider a tenor who holds a high C
(as in Faust, for example) for ten seconds, his
recurrent nerve will have conducted more than
5,000 successive influxes, and his vocal cords
contracted 5,000 times in succession to an
ultra-rapid rhythm.1 6 9

Paul Laget (1953), a co-worker with Husson, directly stimu-

lated the recurrent laryngeal nerves of dogs with electrical

frequencies of 100 to 600/second, without air current.1 7 0 '1 7 1

16 6 Brodnitz, "The Voice of the Speaker and Singer," pp.
432-433.

167
Husson, "A New Look at Phonation," p. 12.

168
1. Pressman and Kelemen, "Physiology of the Larynx,"

p. 541.

1 6 9 Raoul Husson, "Special Physiology in Singing with
Power," translated by Harold Luckstone, The NATS Bulletin,
XIV (October, 1957), 12.

17 0 Pressman and Kelemen, "Physiology of the Larynx,"
p. 541.

171
Paul Laget, "Reproduction expdrimentale de la vibra-

tion de cordes vocales, en absence de tout courant d'air,
par stimulation electrique d'un recurrent du chien, avec
observation stroboscopique de la response laryngie," Revue
de Laryngologie, Extrait su Supplement de fevrier, 1953,
cited in Vennard, "Some Implications of the Husson Research,,"
pp. 4, 32.
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Laryngeal vibration, then, according to the neurochronaxic

theory, is independent of aerodynamic elements.172 Still

further support was given by similar studies of Andre Moulon-

guet, Laget, and Husson (1953) done on humans undergoing

laryngectomy. The vocal folds seen stroboscopically

vibrated at the exact rate of stimulation without air

flow. 173,174Otto Heymann (1953) also gave stroboscopic

evidence of similar vocal fold vibration.1 7 5 Other

scientists supporting Husson's theory and collaborating with

him in experiments have been Abert Djian, J. H. Amando,

Edouard Garde, Christian Chenay, Remi Saumont, and Eduard

Coraboeuf.1 7 6  Carlo Meano, in support of the neurochronaxic

theory, stated:

the Physiological Laboratory of the Sorbonne
in Paris initiated important experiments which
showed clearly that the vocal folds . . . vibrate

17 2 John Large, "Towards an Integrated Physiologic-
Acoustic Theory of Vocal Registers," The NATS Bulletin,
XXVIII (February/March, 1972), 24.

17 3 Brodnitz, "The Voice of the Speaker and Singer,"
p. 433.

174
Andre Moulonguet, Paul Laget, and Raoul Husson,

"Demonstration chez l'homme, de existence, dans le nerf
recurrent de potentials d'action moteurs synchrones avec
les vibration des cordes vocales, " Bulletin de l'Academie
Nationale de Medecine, Extrait de Nos. 28 et 29, 1953, cited
in Vennard, "Some Implications of the Husson Research," pp.
4, 32.

17 5 Pressman and Kelemen, "Physiology of the Larynx,"
p. 541.

17 6 Eusson, "Physiology in Singing with Power," p. 15.
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by a nervous excitement (independent of the
expiratory air), and that this impulse
originates in the cerebral centers, similar
to the phenomena relating to the excitation
of other muscles of the body . . . . There-
fore, the 'mechanical' theory of sound is
substituted by another 'neuro-muscular'
theory, certainly more acceptable.177

Vocal pedagogues Husler and Rodd-Marling also support Husson's

theory.178

Two authors seem to favor a view which is a combination

of the neurochronaxic theory and the myoelastic-aerodynamic

theory, discussed earlier in this chapter. Anthony Doschek

says: "Breath exhaled by the lungs, plus a neuro-muscular

volition to create sound, causes the vocal cords to vibrate

at a rate determined by the degree of tension under which

they are maintained.179 Similarly, Millard Cates states:

. . . this [vocal folds' approximation], together
with the pressure of the breath . . . produces
phonation. Through complex muscular action and
recurrent nerve impluses, the . . . pitches 180
demanded by the mind are produced automatically.

In 1960 Husson summarized the findings in support of

the neurochronaxic theory in his book on the Singing Voice,

17 7 Meano, The Human Voice in Speech and Song. p. 59.

17 8 Frederick Husler and Yvonne Rodd-Marling, Singing:
The Physical Nature of the Vocal Organ (New York, 1965),
pp. 54-56.

17 9 Doschek, "The Commonality of Speaker Systems and
Musical Instruments," p. 23.

18 0 Cates, Guide for Young Singers, p. 5.
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La voix chantee.181 Deso Weiss (1959) has discussed the

opposing arguments.2 At any rate the experiments of

Husson, Laget, and Moulonguet are revolutionary.183 The

neurochronaxic theory has sparked a great deal of research

in the area of laryngeal vibration since 1950, and it has

been "thought provoking" for both scientists and voice

teachers.

The "Puff" Theory of
Laryngeal Vibration

The "puff" theory of laryngeal vibration is based on

the idea that the vocal folds produce no overtones, only a

series of puffs which determine the fundamental pitch.1 8 4

The puffs also excite the air in the resonating cavities so

that the cavities may sound frequencies of their own. E. W.

Scripture, author of Researches in Experimental Phonetics

(1906) was the chief authority supporting the theory after

1900.185 In regard to the "puff" theory Vennard states:

1 8 1 Raoul Husson, La voix chantee (Paris, 1960), cited in
Luchsinger, Richard and Godfrey Arnold, Voice-Speech-Language,
translated by G. Arnold and E. Finkbeiner (Belmont, Calif.,
1965),, p. 27.

18 2 Deso A. Weiss, "Discussion of the Neurochronaxic
Theory," Archives of Otolaryngology, LXX (November, 1959),
607-618.

1 8 3 Pressman and Kelemen, "Physiology of the Larynx," pp.
541-542.

1 8 4William Ernest Ross, Secrets of Singing (Bloomington,
Ind., 1959), p. 18.

185 E. W. Scripture, Researches in Experimental Phonetics
(Washington, D. C., 1906), cited in Vennard, Singing, the
Mechanism and the Technic, pp. 81, 224.
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This theory made the larynx comparatively unimpor-
tant, like the vibrator of a reed instrument, or of
the flute, whose only function is to set into vibra-
tion the column of air. In this case the quality of
the laryngeal tone would be negligible, and its
volume, insignificant; both power and beauty would
be overwhelmingly products of the resonators.1 8 6

As stated previously, it is believed by the majority of

authorities today that the vocal folds produce both the

fundamental and overtones. The writer found no authors

since 1945 who have accepted the "puff" theory exclusively.

However, the principles of the "puff" theory are believed

to operate simultaneously with laryngeal vibration in that

the resonators may add frequencies during phonation which

are generated in themselves and "may not exist in the laryn-

geal vibration at all. 187

The Vortex Theory of
Laryngeal Vibration

The vortex theory of laryngeal vibration is based on

the belief that the vocal folds produce eddy (vortex) cur-

rents of air, "one eddy at each complete vibration. "1 8 8 The

theory's chief supporter before 1945 was Noel Bonavia-Hunt

who advanced vortex concepts in the work "The Science of

18 6 Vennard, Singing, the Mechanism and the Technic, p.

81.

18 7 Ibid., p. 82.

1 8 8 Fields, Training the Singing Voice, p. 102.
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Human Voice" (1942) .189 The writer reviewed only one

author after 1945 in support of this theory, Edgar Herbert-

Caesari. As stated earlier, he seems to favor a combination

of the myoelastic theory and the vortex theory. In The

Alchemy of Voice (1965) Herbert-Caesari outlines his vortex

theory thus:

The will to sing induces the vocal cords to
approximate very closely without actually touch-
ing, leaving a mere razor-edge aperture or slit--
the ideal condition--between them. A split-second
after the cords approximate, the air from the
lungs . . . is pressed upwards against the adducted
cords. Because the resistance of the cords is
always slightly less than the pressure whatever
the pitch, they obligingly give way, open out,
then close again . . . in a succession of alter-
nate opening-closing movements . . . called a
vibration, or cycle . . . . When a flowing stream
encounters an obstacle, such as a protruding rock
.* . . a whirlpool is formed, sometimes more than
one, as a result of the resistance opposed to the
flow. In like manner, when moving air encounters
an obstacle--that is, resistance--a vortex, a whirl
or puff-ring, is formed and shot upwards into the
throat. The conditions determining pitch are the
mass--the vertical thickness--the length, and the
tension of the vocal cords . . . As our . . .
cords vibrate 261 times per second [for Middle C]
. . . so 261 vortices or puff-rings are created
and shot into the throat . . . jogging the air
. 0. .on their way up from the cords. 90

Both of Herbert-Caesari's other books, The Voice of the

Mind (1951)191 and Tradition and Gigli, 1600-1955; a

18 9 Noel Bonavia-Hunt, "The Science of the Human Voice,"
Musical Opinion, LXV (1942), 268, cited in Fields, Training
the Singing Voice, pp. 102, 271.

19 0Edgar Herbert-Caesari, The Alchemy of Voice (London,
1965), pp. 43-45.

19 1 Edgar Herbert-Caesari, The Voice of the Mind (London,
1951), pp. 104-105.
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192Panegyric (1963, contain the same vortex theory of

laryngeal vibration.

The Sinus Tone Production Theory

According to the sinus tone production theory "tone

actually originates in the sinuses, while the so-called

vocal cords assist in directing the flow of breath. "1 9 3

The sinus tone production theory was first propounded by

Ernest George White of England in his book Science and

Singing (1909), recently reprinted (1950). 194 After his

death the Earnest George White Society continued advancing

the theory (to the present). A present-day supporter of

the theory, Arthur Hewlett, sums up the sinus tone produc-

tion theory as follows:

Vocal tone is created by the vibration of air in
cavities in the bony structure of the skull, known
as frontal sinuses, ethmoid cells and sphenoid
sinuses. A well developed voice blends the activity
of all the sinuses, variations in pitch and quality
being determined by the extent to which the frontal
sinuses are supplemented by the other cavities. In
the highest notes the frontal sinuses, lying immedi-
ately above the eye-brow ridge, are predominant; they
remain active throughout the compass but as the pitch
is lowered vibrations spread more strongly to the
ethmoid cells and sphenoid sinuses. Tone created in
these sinuses is amplified in the larger volumes of
air in the nasal cavity, the mouth, and the maxillary
sinuses .195

1 9 2 Herbert-Caesari, Tradition and Gigli, 1600-1955, p. 43.

1 9 3 Arthur D. Hewlett, Think Afresh About The Voice
(London, 1970), p. 1.

1 94 Ernest George White, Science and Singing (London,
1950).

1 9 5 Hewlett, Think Afresh About The Voice, p. 8.
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Other than the reprints of the books by White, Hewlett

was the only author reviewed since 1945 supporting the

sinus tone production theory.

Analogies Between the Human
Voice and Instruments

The human voice has been compared to instruments since

ancient times. As noted in Chapter II, Galen, the last

great anatomist of antiquity, compared the voice to the

aulos, the Greek flute. His name for the double reed of

the aulos, the "glottis," is used to this day.196 The

authors reviewed for this study frequently used analogies

between the voice and instruments. Some authors even used

several different analogies. For example, Manser and Finlan

compared the voice to reed instruments, string instruments,

. 197and pipe organs. A brief survey of analogies between

the voice and instruments from 1945 to the present follows.

Several authors since 1945 have compared the voice to

string instruments. Taylor believes that "while it is true

that the vocal cords do not act exactly the same as vibrating

strings, a very close correlation can be drawn with profit."

He compares length, tension, and cross-sectional area of the

strings to the length, tension, and thickness of the vocal

19 6 Sidney Murray, "Scientific Pedagogy One Hundred Years
Before Garcia," The NATS Bulletin, XXV (December, 1968), 29.

197
Manser and Finlan, The Speaking Voice, pp. 45, 80.
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folds. 198 Diehl says, "In the human speech apparatus

during phonation the vocal folds forming the margins of

the glottis are comparable to the action of strings."1 9 9

Foot expresses the view that pitch depends on the "tension

and the thickness of the vocal cords, and on the length of

them that is allowed to vibrate, paralleling in these

respects the action of strings."2 0 0  Zerffi declares, "It

is not generally realized that despite the fact that air

is used to generate the vocal tone, the voice belongs to the

category of stringed instruments."2 0 1  Gardiner mentions

that the vocal cords of a healthy person possess a degree of

tension "like tuned violin strings."2 0 2  Gamber compares

the vibration of a violin string to the vibration of the

vocal folds. 203 Similarly, Longo, 204 Manser and Finlan, 205

19 8 Taylor, "Acoustics as an Aid to Ease of Singing," p.
19.

19 9 Diehl, Anatomy and Physiology of the Speech Mechanisms,
p. 97.

2 0 0 Foot, "The Effect of the Intensity of Auditory Feed-
back," p. 30.

20 1 Zerffi, "Mail Pouch: Care of Vocal Cords," p. 7.

20 2 Gardiner, A Guide to Good Singing and Speech, p. 61.

203 Gamber, Your Guide to Successful Singing, p. 86.

2 0 4 Longo, Singing and Speaking, p. 31.

2 0 5 Manser and Finlan, The Speaking Voice, p. 45.
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and Appelman206 present comparisons between the voice and

string instruments. Finally, Rice makes the statement,

"It is both a blessing and a curse that the singer is his

own strings, violin, bow, and performer." 20 7

A few authors compared the voice to an organ. Manser

and Finlan assert that voice is "produced by the vibratory

action of the vocal bands in very much the same manner that

the initial musical tones are set up in the pipe organ by

the vibrating reed. "20 8  Anderson compares the action of

the bellows of an organ forcing air out and thus setting

the organ's reeds into vibration with the action of the lungs

sending air up to the larynx and setting the vocal folds into

vibration.209 Bowen and Mook say that the "parts" of the

vocal mechanism, the lungs, the air passages, and the vocal

folds, can be compared to the "windchest," pipe, and reed of

the organ pipe.2 1 0  The authors Trusler and Ehret state,

"The vocal organs, from the larynx upwards, can be likened

to a kind of organ pipe which branches at the pharynx into

two separate pipes, the mouth and the head."2 1 1

2 06 Appelman, The Science of Pedagogy, pp. 64-67.

2 0 7Rice, Basic Principles of Singers, p. 9.

208
Manser and Finlan, The Speaking Voice, p. 80.

209
Anderson, Training the Speaking Voice, p. 21.

21 0 Bowen and Mook, Song and Speech, p. 6.

21 1 Trusler and Ehret, Functional Lessons in Singing, p.
9.
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One of the most frequently found analogies is the

comparison of the voice to a wind instrument, especially the

"reeds." Pressman considers the vibrating vocal folds to

be similar to the "vibrations of the reed in a wind instru-

ment." 212Herbert-Caesari, too, believes the vocal folds

"act as reeds." 213Negus says the larynx "corresponds to

the reed in various musical instruments. "2 1 4  Gowings and

Gamber both mention the vocal folds as being "reed-like

membranes. " 215,216 Kelsey compares the voice to instruments

of the double reed type, mentioning specifically the oboe.2 1 7

Still other authors who compare the voice to a reed instru-

ment are Punt, 2 1 8 Culver, 219 Pierce and David, 220 and Carp.2 2 1

Doschek states that the entire wind instrument family has a

close relationship to the voice, especially the double reed

instruments. 222 Charles Scott expresses the following idea:

2 1 2 Pressman and Kelemen, "Physiology of the Larynx," p.
541.

21 3 Herbert-Caesari, The Voice of the Mind, p. 104.

214
Negus, Anatomy and Physiology of the Larynx, p. 192.

2 1 5 Gamber, Your Guide to Successful Singing, p. 33.

21 6 Gowings, "Singing," p. 37.

21 7 Kelsey, The Foundations of Singing, p. 23.

2 1 8 Punt, The Singer's and Actor's Throat, p. 15.

21 9 Culver, Musical Acoustics, p. 226.

2 2 0 Pierce and David, Man's World of Sound, p. 57.
2 2lCarp, "The Physiology and Psychology of the Voice,"p.50.

22 2 Doschek, "The Commonality of Speaker Systems and
Musical Instruments," p. 24.
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The vocal cords are of the nature of what
are called reeds, like the double reed of the
oboe or bassoon. The voice is a reed instru-
ment and the characteristic tone of such an 223
instrument must be discovered by the singer.

In a more general sense Macworth-Young asserts, "Basically,

.0 .. the voice is like any other wind instrument."2 2 4  Other

authors who refer to the voice simply as a "wind instrument"

are Emil-Behnke,2 2 5 Fields,2 2 6 Gardiner227 Hoops,2 2 8 Manser

and Finlan, 229 Schoietz, 230 and Waters.231 Lastly, William

Vennard makes the following interesting statement:

The voice is a wind instrument. The actuator,
naturally, is the wind supply in the lungs of the
singer. It is no coincidence that the bellows of
the bagpipes and the belly of the wind player are
both called by derivatives of the Old English word,
belg, meaning 'bag.'23 2

Another frequently found analogy is comparison of the

action of the vocal folds to the action of the lips when

223
Scott, The Fundamentals of Singing, p. 16.

22 4 Macworth-Young, What Happens In Singing?, p. 65.

22 5 Emil-Behnke, The Technique of Singing, p. 19.

226Fields, The Singer's Glossary, p. 11.

227
Gardiner, A Guide to Good Singing and Speech, p. 24.

22 8 Hoops, Speech Science, p. 5.

2 2 9 Manserand Finland, The Speaking Voice, p. 45.

23 0 Schoietz, The Singer and His Art, p. 1.

2 3 'aters, "Is There a Break in Your Voice?," p. 221.

23 2 Vennard, Singing, the Mechanism and the Technic, p.
16.
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playing a horn. Brodnitz gives credence to the comparison

of voice and double-reed instruments. However, he feels the

"principle of action of the brass instrument gives an even

better illustration. Here, the lips of the player are the

source of air vibration."2 3 3  Ross agrees with Brodnitz when

he says, ". . . the action of the vocal cords is very similar

to the action of the lips of a bugler."234 Westerman, in

accordance, declares: "A similar action in sound production

to that of the vocal lips, is the vibration of the brass

instrument player's lips in the mouthpiece of his instrument."2 3 5

Anderson also believes the vocal folds "resemble strongly

trumpet player's lips."236 Vennard states, "The vocal 'cords'

function much more like the lips of a trumpet player, and are

frequently called bands, or lips." 237 Other authors in agree-

. .238 239 240ment with this analogy are Joos, Kelsey, Heffner, and

.241
Smith.

23 3 Brodnitz, Keep Your Voice Healthy, p. 33.

234 Ross, Secrets of Singing, p. 47.

2 35Westerman, Emergent Voice, p. 25.

23 6 Anderson, Training the Speaking Voice, p. 55.

2 3 7 Vennard, Singing, the Mechanism and the Technic, p. 16.

2 3 8 Joos, Acoustic Phonetics, p. 38.

2 3 9 Kelsey, "What is Singing?" p. 222.

24 0 Heffner, General Phonetics, p. 24.

2 4 1 Smith, "Vibrations of the Vocal Cords," p. 171.
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Conclusion

It should be pointed out that scientists and vocal

authorities are still far away from a complete understand-

ing of all the factors that go into the making of vocal

sound. In this regard Otis Simmons states:

It is reasonable to conclude . . . that no one
theory relating to the vibratory activity of the
cords has a complete answer to this complex problem.
Perhaps it is closer to the truth to say that each
theory adds to the progress of knowledge on the
subject, and is therefore worthy of critical exami-
nation, study, and additional research.242

However, certain of the theories of laryngeal vibration

appear to have considerably more support than others. With

a total of eighty-three authorities in its support, the

myoelastic-aerodynamic theory is the most widely advocated

present-day theory of laryngeal vibration. Twenty-five

authors were in support of the aerodynamic theory, thirteen

in support of the myoelastic theory, and thirteen in support

of the neurochronaxic theory. The vortex theory and the

sinus tone production theory each had one author in their

support, while the "puff" theory had no proponents since

1945 in its support. Among the analogies between the voice

and instruments the wind (reed) analogy was the most prev-

alent with twenty-one authors supporting it. The string

analogy had ten supporters, the brass analogy nine, and the

24 2 Simmons, "Neurophsiology and Muscular Function of
the Vocal Mechanism," p. 111.
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organ pipe analogy four supporters. Because they were

usually used as illustrations by authors who supported

one of the other theories, rather than as theories in

themselves, the analogies between the voice and instruments

will not be included as part of the comparative study in

Chapter IV.

In numbers of authors propounding supportive views it
can be seen that the myoelastic-aerodynamic, the aerodynamic,

the myoelastic, and the neurochronaxic theories had the

largest support. For this reason they may be considered

the major theories of laryngeal vibration. These theories

will be compared in Chapter IV.



CHAPTER IV

A COMPARISON OF THE MAJOR THEORIES

OF LARYNGEAL VIBRATION

The most versatile and beautiful of all musical inptru-

ments, the human voice, has been a "mystery" throughout the

ages. However, in the twentieth century great progress has

been made by scientists and vocal authorities into the under-

standing of the larynx and voice production. Since 1945

several major theories of laryngeal vibration have emerged.

One of these, the neurochronaxic theory, first propounded in

1950, sparked much creative thinking and research in regard

to vocal anatomy, physiology, and phonation. As concluded in

the previous chapter the major theories of laryngeal vibra-

tion are the myoelastic-aerodynamic theory, the aerodynamic

theory, the myoelastic theory, and the neurochronaxic theory.

It is the purpose of this chapter to compare these four

theories of laryngeal vibration in order to establish their

similarities and their differences.

Points of Agreement and Similarities Among
the Major Theories of Laryngeal Vibration

Although it is not agreed upon by all theories of

laryngeal vibration from 1945 to the present, it is agreed

upon by the major theories of laryngeal vibration that the

101
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larynx is the "organ of voice" in human beings. The

myoelastic-aerodynamic theory, the aerodynamic theory,

the myoelastic theory, and the neurochronaxic theory also

agree that the point of inception of the vocal tone is the

vibratory activity of the vocal folds, or the true vocal

cords, of the larynx. All four theories concur that the

resulting sound vibrations are not in the form of "whirls,"

or eddy currents, but, rather, in the form of a periodic

oscillating sound wave which results from the pulsations,

or the rapid, rhythmic motion back and forth, of the vocal

folds.

The four major theories are in accordance that the

vocal folds generate not only the fundamental pitch, but

also harmonic overtones, or partials. All four theories

agree that the resonating cavities above are of importance

to voice production. The major theories assert, too, that

for the pitch to be higher, the laryngeal vibration must be

faster. In other words, the frequency, or the number of

complete vibratory cycles per second, increases as the pitch

rises. As progressively lower pitches are sung, the fre-

quency will become progressively slower. It should be noted,

however, that it is not agreed "how" this happens (as will

be discussed later).

Similarly, all four theories express the opinion that

the length, tension, and thickness of the vocal folds vary
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as pitch varies. The major theories give credence to the

physiological fact that the brain must give the "command"

to sing or speak before the phonatory process can begin.

Of course, the neurochronaxic theory stresses this point

much more than the other theories do. It is a point of

concurrence that muscular elasticity and tension as well as

recurrent nerve stimulation are elements of importance in

the laryngeal vibration process. However, the similarity

ends at this point as the degree of importance of these two

factors is not agreed upon (as will be discussed later).

It can be seen from the above discussion that there are

points of agreement among the major theories of laryngeal

vibration. However, the points of agreement and similarities

are general rather than specific. The theories vary as to

the details of how laryngeal vibration occurs.

Points of Disagreement and Differences
Among the Major Theories of

Laryngeal Vibration

Several points of disagreement and differences exist

between the myoelastic-aerodynamic, the aerodynamic, the

myoelastic, and the neurochronaxic theories of laryngeal

vibration. As stated before, all of these theories consider

vocal fold vibration as the initiator of vocal sound. How-

ever, the theories disagree as to how this happens and/or

the degree of importance of the various components of the

phonation process.



104

One major point of difference between the neurochronaxic

theory and the other major theories has to do with the impor-

tance of breath to laryngeal vibration. The neurochronaxic

theory does not consider breath to be necessary for laryngeal

vibration to take place. Carlo Meano, a supporter of the

neurochronaxic theory, believes (as stated previously) that

the vocal folds--specifically the muscles within the

folds--vibrate by a nervous excitement (independent of the

expiratory air), and . . . this impulse originates in the

cerebral centers . . . ." John Large says, "In short, the

Husson neurochronaxic hypothesis (1950) was that neural

impulses trigger 'coup par coup' the vibrations of the vocal

folds--independent of the aerodynamic element."2 Pressman

cites Laget's experiments with dogs which stimulated the

recurrent laryngeal nerves, causing vocal fold vibration

without air current.3 Brodnitz tells about a film presented

by De Croix at the International Voice Conference (1957) in

1Carlo Meano, The Human Voice in Speech and Song, trans-
lated by A. Khoury (Springfield, Illinois, 1967), p. 59.

2 John Large, "Towards An Integrated Physiologic-Acoustic
Theory of Vocal Registers," The NATS Bulletin, XXVIII
(February/March, 1972), 24.

3 Paul Laget, "Reproduction exp6rimentale de la vibration
des cordes vocales, en absence de tout courant d'air, par
stimulation electrique d'un recurrent du chien, avec observa-tion stroboscopique de la response laryngie," Revue de
Laryngologie, Extrait du Supplement de fevrier, 1953,~cited
in Joel Pressman and George Kelemen, "Physiology of the
Larynx," Physiological Reviews, XXXV (July, 1955), 541, 553.
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which vibrations of the vocal folds could be seen "in spite

of the absence of air pressure as the driving force. "4

Vennard states that "Husson includes tension and (air)

pressure in his later discussions."5 However, he fails to

cite the source(s) to which he refers. Other than this

statement by Vennard the writer found only sources which

said that, according to the neurochronaxic theory, breath,

or expiratory air pressure, was not necessary to laryngeal

vibration. At any rate, the neurochronaxic theory does not

consider aerodynamic factors to be as important as neural

factors in laryngeal vibration.

The three other major theories of laryngeal vibration

hold that breath is necessary for phonation. They differ

as to its importance, The myoelastic theory does not con-

sider aerodynamic elements to be of primary importance.

Rather, this theory considers myoelastic elements, hence

its name, to be of the most importance. For example, Joos

emphasizes the importance of the muscular aspects of laryngeal

vibration and says the adjustment of the vocal folds acts on

the air, or breath flow, rather than the air acting on the

G. De Croix, Film shown to International Voice Con-
ference (Chicago, 1957), cited in Friedrich Brodnitz, "The
Voice of the Speaker and Singer," Voice and Speech Disorders:
Medical Aspects, edited by N. M. Levin (Springfield, Illinois,
1962), p. 433.

5William Vennard, "Some Implications of the Husson Re-
search," The NATS Bulletin, XIII (February, 1957),, 4.
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vocal folds. 6 In comparison, the myoelastic-aerodynamic

and aerodynamic theories both consider the aerodynamic

factors to be of primary importance. The myoelastic-

aerodynamic theory equates the two factors in the belief

that both the myoelastic and aerodynamic factors are of

primary importance. As stated previously Vennard says "we

must combine both of these ideas in our concept of phona-

tion." Van den Berg believes the myoelastic and aerodynamic

factors are interdependent and, like Vennard, as well as

other supporters of the myoelastic-aerodynamic theory,

believes both elements to be of utmost importance to the

phonation process.8 The aerodynamic theory, on the other

hand, proposes that the aerodynamic elements of laryngeal

vibration are the most important. As noted earlier Salmon

feels vocal fold vibration is "caused by the flow of air

between them (the vocal folds)." He also stresses the

importance of the Bernoulli effect.9 Vennard points out

that the aerodynamic theory does not exclude muscular factors,

6Martin Joos, Acoustic Phonetics, Language Monographs,
No. 23 (Baltimore, 1948), p. 38.

7William Vennard, Singing, the Mechanism and the Technic,
rev. ed. (New York, 1967), p. 42.

8Janwillem Van den Berg, "On the Myoelastic-Aerodynamic
Theory of Voice Production," The NATS Bulletin, XIV (May,
1958), 7, 10.

9Vincent Salmon, Research Potentials in Voice Physiology,
edited by David Brewer (Albany, New York, 1964), p. 86.
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but "it is completely aerodynamic, throwing emphasis upon

breath flow."10

The four major theories agree that laryngeal vibration

is generated at the vocal folds. However, there are dif-

ferences of opinion as to exactly "how" the inception of

the vibration occurs. The myoelastic-aerodynamic theory

declares that the commencement of vibration is the result of

the interdependent factors of mass, length, tension, and

elasticity of the vocal folds coupled with breath pressure

and the action of the Bernoulli effect. It should be

pointed out that the myoelastic-aerodynamic theory does not

deny stimulation by the recurrent laryngeal nerve. Van den

Berg, for example, mentions the "momentaneous innervation"

of the laryngeal muscles.12 However, the primary factors

in the laryngeal vibration are of a myoelastic and aerodynamic

nature. In comparison, the aerodynamic theory maintains that

air flow, by means of the Bernoulli effect, is the origin of

laryngeal vibration. Muscular tension is secondary. Accord-

ing to this theory the Bernoulli effect "sucks" the vocal

folds into vibration.13 The myoelastic theory, on the other

hand, alleges that laryngeal vibration begins with the

1 0Vennard, Singing, the Mechanism and the Technic, p. 42.

1 1 Van den Berg, "Myoelastic-Aerodynamic Theory," p. 10.
12 Ibid., p. 7.

13 Vennard, Singing, the Mechanism and the Technic, p. 42.
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adduction of the vocal folds.14 The basic concept, as

mentioned previously, is one of muscular tension resisting

air (breath) pressure. 15 The adducted vocal folds hold

back air until the air pressure becomes greater than the

vocal folds' tension. The air then blows the folds apart,

but their elasticity and tension immediately brings them

back together.1 6  The myoelastic elements, then, are more

important than aerodynamic elements in this theory. It can

be seen that the myoelastic-aerodynamic, the aerodynamic,

and the myoelastic theories are similar in their views of

laryngeal vibration in that all give credence to the exis-

tance of aerodynamic and myoelastic elements. The three

theories differ as to the degree of importance of these two

elements.

The neurochronaxic theory, in disagreement with the

other three major theories, asserts that the inception of

laryngeal vibration is the recurrent laryngeal nerve im-

pulses to the internal thyroarytenoid muscles, which form

the body of the vocal folds.1 7  Husson believes that there

14 David B. McClosky, Your Voice At Its Best (Boston,
1959), p. 123.

15 Vennard, Singing, the Mechanism and the Technic, p. 42.

1 6William E. Ross, Secrets of Singing (Bloomington, Ind.,
1959), p. 147.

17 Raoul Husson, "A New Look at Phonation," translated
by Jull T. Perkins, The NATS Bulletin, XIII (December, 1956),
12.



109

is "a vibratory phase of opening at each action potential

reaching them (the vocal folds) from the recurrent nerve."1 8

Frequency, then, is determined (and thus pitch) by these

"action potentials" from the brain. The elasticity of the

laryngeal muscles is an important aspect of this theory.

Husson, for example, calls the larynx a "neuro-muscular

effector" in the process of phonation.19 However, according

to this theory, the neural, or neurochronaxic, element is

the most important.

Summary

The myoelastic-aerodynamic, the aerodynamic, the

myoelastic, and the neurochronaxic theories contain general

points of agreement and similarities. However, these four

major theories of laryngeal vibration contain differences of

opinion as to the exact cause of the initial vibratory move-

ment of the vocal folds. The four theories also differ as

to the degree of importance of aerodynamic, myoelastic, and

neurochronaxic elements. In this regard Vennard states:

We cannot turn our backs on the ideas of any
good authorities. It is interesting to see how
all the various concepts are related, how they
throw light upon one another, and upon the
fascinating riddle of the human voice. 2 0

1 8 Ibid.

19 Ibid.

2 0Vennard, "Some Implications of the Husson Research,"
p. 27.
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The concepts expressed in each of the major theories of

laryngeal vibration are of importance. The four major

theories all contain ideas which are the result of many

years of research by scientists and vocal authorities all

over the world. Each of the major theories of laryngeal

vibration has contributed to helping solve the "mystery"

of the human voice.



CHAPTER V

SUMMARY AND CONCLUSIONS

Summary

The purpose of this study was to compare major theories

of laryngeal vibration. In order to solve the main problem

it was necessary to determine what theories of laryngeal

vibration are the major and accepted present-day theories,

the ways in which these major theories are alike, or similar,

and the ways in which they are different, or dissimilar.

For the purposes of clarity and understanding several

terms and phrases used in this report should be defined.

The term laryngeal vibration refers to the oscillation, the

rapid rhythmic motion back and forth, of the vocal folds,

or vocal cords, of the larynx in the act of phonation. The

term major theories refers to principal leading premises and

assertions that serve as bases of general ideas, principles,

and formulas offered to explain phenomena, rendered more or

less plausible by evidence in the facts or by the exactness

and relevancy of the reasoning. The phrase accepted present-

day theories for the purpose of this study refers to those

ideas offered from 1945 to the time being explaining laryn-

geal vibration which are generally considered as plausible by

contemporary authorities who have written their views in En-

glish.

111
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The basic hypothesis of the study was that the dif-

ferences and similarities between the major theories of

laryngeal vibration could be made evident and clear through

a comparative study. It was assumed that there were two or

more theories of laryngeal vibration and that all the major

theories of laryngeal vibration from 1945 to the present

have been described in written form in English.

To obtain the information needed for the study, materials

were collected by means of library research from all avail-

able books, articles, dissertations, theses, and reports

dealing with the larynx, laryngeal functions, and phonation.

The literature consulted thus included not only works in the

field of vocal pedagogy, but also in the fields of voice

science, phonology, linguistics, biolinguistics, anatomy,

physiology, and laryngology.

Several related topics were necessary to the background

in order to provide a thorough understanding of this study.

The evolution of the larynx, the origin of speech and song

in man, theories of phonation from antiquity to 1945, and

research methods involving the voice all are important in

understanding current theories of laryngeal vibration.

Before a comparison could begin it was necessary to

determine which theories were the major and accepted present-

day theories of laryngeal vibration. The collected data was

analyzed for this purpose. As a result, it was determined
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that the myoelastic-aerodynamic theory, with eighty-three

authors supporting it, was the most widely accepted present-

day theory. The next most widely accepted theory was the

aerodynamic theory with twenty-five authors in its support.

The myoelastic theory was supported by thirteen authors.

Thirteen authorities supported the neurochronaxic theory.

The vortex theory and the sinus tone production theory were

each propounded by one author since 1945, while the "puff"

theory of laryngeal vibration had no written support since

1945. Among the analogies between the voice and instruments

the wind (and reed) analogy was used by twenty-one authorities,

the string analogy by ten authorities, the brass player anal-

ogy by nine, and the organ pipe analogy by four. In the

course of this study it was seen that the analogies between

the voice and instruments were often used as illustrations

of one of the other theories of laryngeal vibration, rather

than as theories themselves. For this reason no analogies

were included in the comparison of the major theories. From

the above data it was concluded that the myoelastic-

aerodynamic theory, the aerodynamic theory, the myoelastic

theory, and the neurochronaxic theory are the major and

accepted present-day theories of laryngeal vibration. These

four major theories of laryngeal vibration were then compared

to determine the ways in which they were alike, or similar,

and the ways in which they were different, or dissimilar.
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Conclusions

As a result of this study several conclusions have

been reached. The following similarities have been

established among the four major theories of laryngeal

vibration:

1. The larynx is the "organ of voice" in human beings.

2. The point of inception of vocal tone is the vibra-

tory activity of the vocal folds.

3. The sound vibrations produced at the larynx are in

the form of a periodic oscillating sound wave which results

from the rapid rhythmic motion back and forth of the vocal

folds, or vocal cords .

4. The vocal folds generate not only the fundamental

pitch, but also harmonic overtones, or partials.

5. The resonating cavities are of importance to voice

production.

6. Frequency, or the number of vibratory cycles per

second, increases as the pitch becomes higher.

7. Frequency decreases as the pitch becomes lower.

8. The length, tension, and mass (thickness) of the

vocal folds vary as pitch varies.

9. As with any muscular function, the brain must give

the "command" to sing or speak before the phonatory process

can begin.

The following differences have been established among

the major theories of laryngeal vibration:
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1. The neurochronaxic theory does not consider air

(breath) pressure to be necessary for laryngeal vibration

to take place.

2. The myoelastic-aerodynamic, the aerodynamic, and

the myoelastic theories consider air pressure necessary for

laryngeal vibration. They differ as to the degree of its

importance.

3. The elements of primary importance to the myoelastic-

aerodynamic theory are two: the factor of muscular elasti-

city, tension, length, and mass (thickness), and the factor

of air flow (in motion) and its mechanical effects. These

two factors are interdependent.

4. The element of primary importance to the aerodynamic

theory is air flow and its mechanical effects, including the

Bernoulli effect.

5. The element of primary importance to the myoelastic

theory is the muscular aspect of phonation which includes the

elasticity and tension of the vocal folds as well as the

various adjustments of the laryngeal muscles in regard to

length, size, and mass.

6. The element of primary importance to the neuro-

chronaxic theory is the chronaxy of the recurrent laryngeal

nerve, including the "action potentials" sent by means of

this nerve to the internal thyroarytenoid muscles. The neural

impulses thereby cause laryngeal vibration.
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