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Is it possible for students to achieve better tone quality from even their factory-made
violins? All violins, regardless of cost, have a common capacity for good tone in certain
frequencies. These signature modes outline the first position range of a violin (196-600
hertz). To activate this basic capacity of all violins, the string must fully vibrate. To
accomplish this the bow must be pulled across the string with enough pressure (relative to
its speed and contact point) for the horsehairs to catch. This friction permits the string to
vibrate in Helmholtz Motion, which produces a corner that travels along the edge of the
string between the bridge and the nut. Creating this corner is the most fundamental

technique for achieving good tone.

The findings of celebrated scientists Ernest Chladni, Hermann von Helmholtz, and John

Schelleng will be discussed and the tone-production pedagogy of master teachers Carl



Flesch, Ivan Galamian, Robert Gerle, and Simon Fischer will be investigated. Important
connections between the insights of these scientists and master teachers are evident.
Integrating science and art can provide teachers with a better understanding of the
characteristics of good tone. This can help their students achieve the best possible sound

from their instruments.

In the private studio the master teacher may not use the words “Helmholtz Motion.” Yet
through modeling and listening students are able to understand and create a quality tone.
Music teachers without experience in string performance may be assigned to teach strings
in classroom and ensembles settings. As a result modeling good tone is not always
possible. However, all teachers and conductors can understand the fundamental behavior
of string vibration and adapt their instruction strategies towards student success. Better
tonal quality for any string instrument is ultimately achieved. Mastery and use of the
Helmholtz Motion benefits teachers and students alike. Simple practice exercises for
teaching and conducting, based on student discovery rather than modeling, are presented
in Appendix A: Application. This approach to teaching good tone can be applied

successfully in all string settings and levels.



CHAPTER ONE

INTRODUCTION

The traditional approach to teaching tone-production is through teacher modeling.
However, for a variety of reasons, many string positions are filled by teachers with a non-
string professional background. Therefore, another approach to teaching good tone-
production is necessary. Integrating science and art can provide teachers with a better
understanding of the characteristics of good tone, which can help their students achieve
the best possible sound quality from their violins. Once teachers have a systematic
approach to teaching a good tone that does not exclusively depend on modeling, the bow
can be introduced with more confidence and without delay. Learning the technique of
good sound-production can give students the chance to achieve greater success on their
instrument.

Anders Askenfelt, scientist from KTH, Royal Institute of Technology, states that,
“a violin player selects the bowing parameters with high accuracy, consciously and

unconsciously, using their ears.”’ He also notes that the bow-bridge distance, the amount

! Anders Askenfelt, “Measurement of the Bowing Parameters in Violin Playing,” Journal of the
Acoustical Society of America 84 (November 1988): 163, http://www.speech.kth.se/qpsr (accessed
September 20, 2007).
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of bow pressure, and the bow’s velocity are not notated in a musical score. Therefore, it
is up to the player to determine the placement, pressure, and velocity of the bow with
respect to what the composer asks musically.” There is much confusion about what is a
good tone. Many violin students hear what is coming out of their instrument, close to
their ear, and strive for “beautiful tone.” The question then becomes, “Can good tone be
identified when the instrument is so close to the ear?” Important research in this specific
area suggests that the player’s judgment is not reliable.’

Master violin teachers effectively teach tone-production in their studio principally
through modeling. They have student match and copy what they hear from the teacher.
Yet, the majority of students cannot benefit from nor afford this one-to-one traditional
instructional approach. Therefore, it is important that classroom teachers and conductors
have strategies and tools in place to teach good tone-production to their students; these
resources should be effective and engage student learning through directed self-
discovery. Modeling may be the perfect way to teach tone-production in a private studio,
however, the classroom string teachers need an approach that does not exclusively

depend on modeling.

2 Askenfelt, “Measurement of Bowing Parameters,” 163.
’ Helmholtz, Hermann von. On the Sensation of Tone as a Physiological Basis for the Theory of
Music, Tran. Alexander John Ellis, 4t eq. (New York: Longmans, Green, Doves, 1912).



CHAPTER TWO

THE PROBLEM

Significance and Need for the Study

One of the chief components of an effective music program is tone-production.
Study and research is needed to understand and articulate how scientific evidence in tone-
production can be more effectively incorporated into the classroom. Tone quality is often
a primary measure used to differentiate between the accomplished violinist and the
unskilled violinist. Present-day books aimed at teaching string students in a
heterogeneous class setting do not provide a systematic method for teachers to
incorporate tone quality in student instruction. Many books introduce the three
components necessary for producing a quality tone; bow speed, bow pressure, and
contact point. Although these components are incorporated into teaching basic dynamics,
this can be confusing for the teachers who do not have a strings background. String
programs at the college level are also impacted by this impediment. College professors
teaching string pedagogy and lab strings, need to provide students with supplemental

materials to enrich the existing books in the instruction of tone-production.



Producing good tone quality on the string instruments is linked to the Helmholtz
Motion." This refers to the behavior of a vibrating string, and is essential for producing a
quality tone; the player’s ability to generate the required friction between the bow and
string engages and maintains the Helmholtz Motion. When the string is engaged in
Helmholtz Motions, the amplitudes of the harmonics produced are vibrating at their
widest, thus the best possible tone quality for the instrument can be achieved.

Books for teaching strings in a heterogeneous setting do not include a method for
Helmbholtz Motion, the most fundamental property of tone-production. All string
instruments produce a tone when the bow travels across a string, however, there is one
important distinction: the quality of tone is “determined by the amplitudes of the
harmonics which are present.”” If the note being played is vibrating in Helmholtz
Motion, then the harmonics produced will be at their widest and strongest possible.
Helmholtz Motion is achieved when the bow is pulled across the string with enough
friction for the horsehairs to catch. To generate enough friction and engage Helmholtz
Motion over an extended period of time, the bow needs to be slow and exerted with even
pressure to allow the horsehairs adhesion to the string, consequently increasing the

amplitudes of the harmonics in that note. This is an essential and fundamental bow

' Helmholtz, 83.
? James Beament, “The Vibration of Strings,” Chapter 2, in The Violin Explained: Components,
Mechanism and Sound, (England: Oxford University Press, 2000), 10.



be presented. A model developed by scientific research using bow pressure, bow speed,
and bow contact points, (Schelleng Diagram) will provide a visual aid for good tone-
production. In addition, relevant scientific research on the human perceptions of good
tone will be interpreted. Chapter Five, Review of the Literature: Master Teachers’ Tone
Production Pedagogy is an investigation of the bowing pedagogies of tone-production of
master teachers Carl Flesch, Ivan Galamian, Robert Gerle, and Simon Fischer. Included
in this section is an investigation of the widely used books for a heterogeneous string
setting, and their approach to teaching good tone-production. Chapter Six: Summary and
Synthesis, is a discussion on how good tone-production might be more effectively taught
by creating a synthesis between the acoustical findings and the master teacher’s
pedagogies on tone-production. A new method for teaching good tone is presented, using
resources that are effective and engage student learning through directed self-discovery.
Chapter Seven: Summary and Conclusion, includes suggestions for further research.
Appendix A: Application, contains practice exercises, and a systematic approach to
teaching the Helmholtz Motion in various string settings. Appendix B: Useful Websites,
includes links to selected websites for music acoustic groups, violinmakers, and Simon

Fischer tone-production master classes on YouTube.

Proposed Research Questions

1) What is good tone-production?



2) How does the player produce good tone?

3) How can a teacher enhance student learning when teaching good tone-production?

Delimitations and Limitations of the Study

The study focuses on strings, specifically violin and viola, though with minor
adaptation extending to cello and string bass. Attention has been principally given to the
elementary strings level, and with minor adaptations can extend to middle school, high
school, and college level teaching.

The framework for this study is knowledge that is relevant for the string teacher,
conductor, and college instructor. The published research collected and analyzed for

comparison in this study is interpreted from a violinist’s prospective.

Definitions of Terms

A note — the complete played sound of the simplest unit of music as produced by
an instrument.

' Amplitude — how big a vibration is; the distance between the extreme
movements of a vibration. This is commonly experience as the volume of the
sound.

' Bow-bridge positions — see contact point.



Bow horsehair — approximately 160 to 190 individual horsetail hairs are on each
bow. Horses from the coldest climates are preferred, because of their coarseness.
Bow stick — the part of the bow that is not the horsehair.

Bridge — the piece of wood that elevates the strings above the fingerboard and
transmits vibrations into the body of the instrument, and thereby to the air
enclosed by the instrument.

Color — the timbre of a musical sound, specifically the complexity of the sound
wave.

Contact point — the position of the bow in relationship to its distance from the
bridge. Varying this distance while maintaining constant bow pressure and bow
speed will produce a different timbre of sound. (also referred to as sounding point
soundpoint, point of contact, bow-bridge position, and lanes).

Cycle — the repeated element of a regular vibration. The horsehair engages the
kink through friction, the kink travels first to the bridge then under the horsehair
towards the nut, when the kink returns to the bridge it is one cycle. Within the
pitch A 440, the Helmholtz kink travels along the edge of the string 440 cycles
per second.

Double-Kink — the vibration in the string contains more than one Helmholtz
corner in one cycle. This produces an airy, surface sounding tone as a result of
the horsehairs not catching the string, thus Helmholtz Motion is lost.

Double Stick-Slip — see double kink.



Fingerboard — the ebony wood under the violin strings that the fingers of the left-
hand use to make pitches.

Frequency — the rate of vibration; the number of repetitions or cycles in a
second. The frequency of violin open A is 440 cycles per second. (also referred
to as 440 hertz).

Frog — the part of the bow that the right-hand uses to form the bow-hold.
Harmonics — is any set of pure tones with frequencies in simple multiples of the
lowest frequency. Harmonics are labeled sequentially: fundamental, second
harmonic, third harmonic, etc.

Helmholtz Motion — the kink formed in a fully vibrating string. The kink travels
along the edge of the string between the bridge and the nut, one time per cycle.
When open A string is bowed, the kink will travel between the bridge and the nut
440 times per second. (also referred to as Helmholtz corner, or Saw-Tooth
motion).

Hertz — the rate of vibration. One hertz means one cycle per second. Hertz is a
unit of measurement of frequency or pitch.

Heterogeneous — different instruments. Violins, viola, cello, and string bass
players all in one class.

Homogeneous — only one instrument. Class of just violins.

5 Beament, 15.



Lane — see contact point.

Multiple level — elementary, middle school, high school, community college,
university.

Oscilloscope — a device with a small screen which displays the change of voltage
of a signal connected to it on the y axis (up/down) against time on the x axis (left
to right).°

Pitch — the characteristic of a musical sound that enables the listener to refer to a
scale of pitches.

Pitch frequency — the fundamental and first harmonic in the overtone series.
Point of contact — see contact point.

Pressure — the physical exertion of a steady force applied to the bow when it
travels on the string.

Schelling Diagram — the maximum and minimum bow force on a particular
contact point for production of Helmholtz Motion.

Second harmonic — one octave above the sounding fundamental.

Stick-Slip — the horsehairs alternately catch, then release the string. When this
pattern develops, the string vibrates in Helmholtz Motion. When there is a break
in this pattern (double-slip) Helmholtz Motion is lost. Also referred to as

sticking- slipping motion.

6 Beament, 9.

10



Sounding point — see contact point.

Soundpoint — see contact point.

Timbre — the distinctive property of a complex sound. (also referred to as color).
Tone production — the combination of a particular speed of bow with a particular
amount of pressure on the bow both of which is dependent on the tension of the
string at a particular distance between the bridge and the fingerboard.

Weight — Amount of heaviness; force which gravity exerts upon the bow.

11



CHAPTER THREE

RESEARCH PROCEDURES

Research Methodology

This study uses an evaluative methodology applied to (1) source in published
findings in acoustics specific to the vibrational characteristics of a bowed-string, and (2)
violin pedagogical literature specific to tone-production. The selected master violin
teachers are Carl Flesch, Ivan Galamian, Robert Gerle, and Simon Fischer. In addition,
professional books used in multiple level string classes (elementary, secondary, and
college) specific to tone-production are examined. No human subject review board

approval is required in that this study is based on the examination of existing texts.

Specific Procedures and Data Collection

The purpose of this study is to provide connections between acoustical properties
of good tone created on a bowed-string, and master violin teacher’s tone-production
pedagogies. Data collection is also based on the author’s background as a professional

violinist, private violin teacher, public school strings teacher, and conductor.

12
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normal modes] have been seen for all violins tested to date, regardless of quality.”22

Therefore, within the first position register on the violin, it should not make a difference
whether a student is playing on an inexpensive violin or a high priced Cremona violin,
the vibration qualities in the wood are exactly the same.

Research on Signature Modes continues with physicist George Bissinger, at East
Carolina University. His studies on the modal qualities of the violin show that “all
violins tested showed the same five Signature Modes below 600 Hz.”* According to
Bissinger, “the ‘robust’ quality differentiator difference; was the approximately 280 Hz,

Helmholtz-type A0 cavity mode.”**

Therefore, if all violins contain these same five
modes within the first position string range, then no matter what their value, when the
string is engaged in Helmholtz Motion, the instrument has the capability of reaching its
maximum tone quality.

Similar studies on Signature Modes are being carried out in the School of Physics

at the University of New Southern Wales in Australia. Visiting researches, Emmanuel

Bossy and Renaud Carpentier, give a side-by-side comparison of Chladni's first seven

>

* George Bissinger and David Oliver, “3.D Laser Vibrometry on Legendary Old Italian Violins,’
(ProQuest Information and Learning Company, Violin Acoustics Laboratory at East Carolina University:
Acoustical Publications, 2007), http://www.acoustics.org/press/153rd/bissinger.html (accessed February 9,
2009).

3 George Bissinger, “Structural Acoustics of Good and Bad Violins,” The Journal of the
Acoustical Society of America 124 (September 2008): 1754.
24 Bissinger, “Structural Acoustics,” 1764.
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vibrational modes using a hand-made German violin, > and an inexpensive, mass

. T
produced, Chinese violin.

First Five Modes of The Top and Back Plates of a Hand Made Violin

mode

#1 mode mode mode mode
AO Helmholtz #2 #3

First Five Modes of The Top and Back Plates of a
Mass Produced Chinese Violin

mode
#1 mode mode mode mode
AO Helmholtz #2 #3 #4 #5

Figure 4.02 First Five Signature Modes are the Same on All Violins (Reprinted with
permission from Emmanuel Bossy, and Renaud Carpentier, (Physics Department, University of Southern
Wales, Australia), cropped, http://www.phys.unsw.edu.au/jw/patterns1.html and
http://www.phys.unsw.edu.au/jw/patterns2.html .) Copyright 2006, University of South Wales.)

*> Emmanuel Bossy and Renaud Carpentier, First Seven Modes of the Top and Back Plates of a
Hand Made Violin, (Physics Department, University of Southern Wales Australia),
http://www.phys.unsw.edu.au/jw/patterns1.html (accessed February 15, 2009).

26 Bossy, http://www.phys.unsw.edu.au/jw/patterns1.html .
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Because the amplitudes (size) of the harmonics determine the quality of tone produced, it
is important to know that the Signature Modes are the same on all violins, therefore,
allowing all violins the same opportunity to produce the Helmholtz Motion.

Modal tuning is a process practiced by violinmakers, specifically tuning of the
Signature Modes. In figure 4.03, Hutchins and Voskuil have a chart describing each
Signature Mode on the violin. This chart can be used in the violinmaker workshop for

tuning the instrument’s plates. Violas and cellos are similar, but tune to a lower

frequency.

Signature Modes: Mode Definition:

A0 “Helmholtz,” the so-called breathing mode.

260-290 Hz

BO First bending of neck and slight bending of body.

250- 300 Hz Nodes across lower bout, at body/neck joint and at nut.
A non-radiating mode.

Al Internal, end-to-end cavity mode (longitudinal

430-490 Hz standing wave) with one node across C-bout area.

B1 First prominent top plate mode of assembled

480-590 Hz instrument with some bending of ribs and back. Top is
most active, especially at bridge and bass bar area.

B-1 A rigid motion of body and neck rocking around the

145-190 Hz node across C-bout (like a see-saw) with a hinge joint
at nut. A non-radiating mode.

Figure 4.03: Mode Tuning For the Violinmaker (Reprinted with permission from Carleen M.
Hutchins and Duane Voskuil, Catgut Acoustical Society Journal 2, no. 4, Series 11 (November 1993): 8
cropped, http://www.catgutacoustical.org/research/articles/modetune/ (accessed February 15, 2009).
Copyright 1993, Catgut Acoustical Society.)
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Consequently, when violins are bowed in first-position on the G, D A, and E strings, the
largest-size harmonic upper partials are created and a quality of sound is produced on the
instrument. This is not to suggest that all instruments are equivalent, but the core element

of tone quality is accessible to all.

Hermann von Helmholtz

Hermann von Helmholtz, a German physicist in the nineteenth-century,
discovered that when a string is fully vibrating it has a “corner” that travels, between the
bridge and the nut. The corner is sometimes referred to as a “kink,” because of its
shape.”” A Helmholtz corner is produced when a bow is pulled across the string with
enough pressure for the horsehairs to catch, and is the essential and the most fundamental
bow technique that needs to occur to achieve a good quality tone, and whereupon all
dynamic variations are built.?®

Helmholtz published his masterpiece, On the Sensation of Tone as a
Physiological Basis for the Theory of Music in 1863. He showed that tone quality
depends on the number and intensity of the partials or harmonics that may, and usually

do, enter into the structure of a musical tone.*’

*” Helmholtz, 83.

> Helmholtz, 83.

¥ Eric Jansson, “Chapter VII: The Tone and Tonal Quality of the Violin,” in Acoustics for Violin
and Guitar Maker, 4" ed. (KTH Royal Institute of Technology, 2002), http://www.speech.kth.se/music/
acviguit4/index.html (accessed August 10, 2008).
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As Professor of Physics at the University of Berlin, Helmholtz studied the motion
that a string makes when it vibrates. The motion that is seen by the naked eye is quite
different that the motion the vibrating string actually makes. In honor of his discovery,
the University of Berlin named this corner, Helmholtz Motion.

During the nineteenth-century, Helmholtz did not have the possibility of using an
oscilloscope to observe string vibration; instead, he made a kind of mechanical
stroboscope. He used a string, which was blackened except for a white dot, and he
observed it in a dark room through a stroboscope (primitive oscilloscope) attached to a
vibrating tuning fork.*

When a violin bow is drawn across a string, the string appears to swing back and
forth. However, Helmholtz revealed that this envelope of motion is actually described as
a “corner” that divides the string into two straight halves and moves in a repeating cycle
traveling from the bridge to the nut and returning. When this “corner” is in the part of its

journey between the bow and the nut, the string moves with the bow and is said to be
“sticking” to the bow. When the “corner” is between the bow and the bridge, the string

slips rapidly in the direction opposite that of the bow movement and is said to be

“slipping.”31

3% John Woodhouse and Paul Galluzzo, “Why Is the Violin So Hard to Play?” +Plus Magazine 31,
no. 9 (September 2004), http://plus.maths.org/issue3 1/features/ woodhouse/index.html#observe (accessed
August 26, 2008).

3! Diane Young, “New Frontiers of Expression through Real-Time Dynamics Measurement of
Violin Bows,” (PhD diss., Massachusetts Institute of Technology, 2001), 12.
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Figure 4.05 is a diagram of a string engaged in Helmholtz Motion, showing the
path the corner travels as it completes a full circuit to produce a tone. Producing one
Helmbholtz corner per cycle is the critical aspect of behavior in a vibrating string, and is
needed to produce the highest quality of tone from the instrument. One cycle is when the
corner travels on the edge of the string from the bridge to the nut, and returns back to the

bridge.

Bridge
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String motion

Figure 4.05: Bowed String Motion (Reprinted with permission from John McLennan, “The Art,
History and Science of Violin Making” (lecture, University of Newcastle: Australia, August 1993), 4,
cropped. Copyright 1993, University of Newcastle.)

The Helmholtz corner will travel different velocities to complete the full circuit,

based on the pitch of the note. For example, if A440 is played, then the corner travels

27



this circuit 440 times per second.” The behavior of the string when it is bowed, is
referred to as stick and slip motion.** The bow pulls the string to one side until the
resisting force in the string disengages it. The corner produced moves first toward the
bridge, then back to the bow as the string slips under the hair. When the corner reaches
the bow, the string is picked up by the hair and carried with it, but the corner travels past
the bow to the nut and back to its starting point ready to slip again. Creating and
maintaining a single Helmholtz corner per cycle is vital for the tone to contain a mixture
of higher harmonics.™

During Helmholtz Motion, the string sticks and slips along the bow one time,
making a complete cycle. This motion of sticking and slipping while the bow is being
pulled across a string cannot be seen by the naked eye. What can be seen is the outer
envelope of the motion.*® Jim Woodhouse and Paul Galluzzo, professors at Cambridge
University, provide a visual aid of what the string looks like to the naked eye in

figure 4.06:

3 John McLennan, “The Art, History and Science of Violin Making,” (lecture, Department of
Mechanical Engineering, University of Newcastle: Australia, August 1993), 4,
http://www.phys.unsw.edu.au/music/publications/mclennan/arthistoryscience.pdf (accessed January 24,
2009).

** Helmholtz, 83.

*> Helmholtz, 83.

3% Woodhouse, “Why Violin Hard Play?”.
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Figure 4.07: The “kink” called Helmholtz Motion (Reprinted with permission from Jim
Woodhouse and Paul Galluzzo, “Why Is the Violin So Hard to Play?” +Plus Magazine 31, no. 9
(September 2004), http://plus.maths.org/issue3 1/features/woodhouse/index.htm.

Helmholtz observed one other very different motion of the string called “double-kink,” or

double-slipping motion, seen below in figure 4.08.” **

&

L=

Figure 4.08: Double Kink in the Helmholtz Motion (Reprinted with permission from Jim
Woodhouse and Paul Galluzzo, “Why Is the Violin So Hard to Play?” +Plus Magazine 31, no. 9
(September 2004), http://plus.maths.org/issue3 1/features/woodhouse/index.htm.

¥ Woodhouse, “Why Violin Hard Play?”.
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Figure 4.09: Helmholtz Motion and Double-Slip (Reprinted with permission from Linda Day,
“Helmholtz Motion (top) and ‘surface sound’ (bottom),” “in Analyzing the Tribology of Sound,” Tribology
& Lubrication Technology (January 2007): 37. Copyright 2007, Tribology & Lubrication Technology.)

Helmholtz describes a musical tone as compound, meaning it is made up of a series of
different pitches.* “The first and closest pitch is the prime partial tone of the compound
and the rest its harmonic upper partial tones.”*' Helmholtz determined that the quality of
tone depends on the form of vibration (Helmholtz Motion), and the strength and number
of the harmonic upper partial tones. Helmholtz described the general characteristic of a

perfectly formed string vibration (Helmholtz Motion) as having a “metallic quality of

40 Helmholtz, 23.
4l Helmholtz, 23.
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tone,” and it was this particular characteristic in a tone that maintained and sustained the
higher upper partials.** When the form of vibration (Helmholtz Motion) does not contain
a rich amount of harmonic upper partials, then the tone will be diminished in amplitude
and quality.*

During Helmholtz’s time, the overtone series** was looked at as a kind of
“strange and unexpected phenomenon,” and was “regarded as a mere curiosity,”
insignificant to musical tone.* Helmholtz discovered, “there is a whole series of higher
musical tones, which he called the harmonic upper partial tones[,] . . . and they are in
contradistinction to the fundamental or prime partial tone[,] . . . which is the lowest and
generally the loudest of all the partial tones, and by the pitch of which we judge of the
pitch of the whole compound musical tone itself.”*® Helmholtz determined that this
series is not only “precisely the same for all compound music notes,” it is necessary for

producing good quality in a vibrating string.*’

42 Helmbholtz, 71.

43 Helmbholtz, 71.

* “Harmonic upper partials” was translated from German to English as “overtone series.”
Helmbholtz was quite unhappy with this translation. This author tried to be consistent and use the term,
“harmonic upper partials” whenever possible.

* Helmholtz, 22.

“ Helmholtz, 22.

4T Helmholtz, 22
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The second and third partial notes in the vibration series (overtone series) is

described by Helmholtz:

1.

The first upper partial tone [or second harmonic] is the upper
Octave of the prime tone, and makes double the number of

vibrations in the same time.

The second upper partial tone [or third harmonic] is the Fifth of this
Octave, making three times as many vibrations in the same time as the

.4
prime.**

a: Fundamental and 1st Harmonic
b: 2nd Harmonic
c: 3rd Harmonic

Overtone Series: A Tuning System For Strings

-
-
-

Figure 4.10: Sympathetic Resonance of Strings-The Form of Vibration (Hermann von
Helmbholtz, On the Sensation of Tone as a Physiological Basis for the Theory of Music, tran. Alexander
John Ellis, 4t ed. (New York: Longmans, Green, Doves, 1912), 46, cropped.)

8 Helmholtz, 22.
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Carl Flesch

Carl Flesch’s influence on modern violin playing is immense. Fortunately, he
was a prolific writer, completing three volumes on violin pedagogy: The Art of Violin
Playing Book I! The Art of Violin Playing, Book II: Artistic Realization and
Instruction? and Problems of Tone Production in Violin Playifig These publications
are among the most comprehensive pedagogical books on violin technique.

Prior to writing Problems of Tone Production in Violin Playirfjesch realized
there was a disappointing trend in the newer “rational” teaching methods — an over
emphasis on left hand technique.* The new pedagogies developed a high level of artistry,
specifically in “precision and intonational purity,” but the “tonal accomplishments” have
“retrogressed.” According to Flesch, teaching left-hand technique is straightforward and
mechanical, making it the natural focal point in a lesson.® Flesch is passionate about the
possible reasons for this stating, “the primary cause for this is the fact that the more

searching pursuits for mastery of finger technic [sic] have automatically relegated the

! Carl Flesch, The Art of Violin Playing: Book kd. Frederick Herman Martens (New York: NY,
Carl Fischer, 1923) (revised 1939).

? Carl Flesch, The Art of Violin Playing: Book II, Artistic Realization and Instructied Eric
Rosenblith (New York: Carl Fischer, 1930).

? Carl Flesch, Problems of Tone Production in Violin Playingn. Gustav Saenger (New York:
Carl Fischer, 1934).

* Flesch, Problems of Tones.

5 Flesch, Problems of Tone.

® Flesch, Problems of Tone.
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tonal element to second place.”’ The secondary reason, according to Flesch is due to
“poplar music,” and its focus on providing the listener with an “agreeable, inoffensive

tickling of the ear.”®

Flesch declares that, “dynamics . . . the vital nerve of tone-
production . . . have become a non-essential in commercial music.”® Therefore, it was
vital for him to publish his third book, Problems of Tone Production in Violin Playing
which focuses entirely on the mechanics of the violinist’s right hand and arm.

Flesch’s explanation of tone-production is parallel to a physicist. Anders
Askenfelt and Jim Woodhouse described the importance of producing the Helmholtz
corner on the vibrating bowed-string to allow the strongest fundamental note, which in

turn produces an abundance of harmonic upper partials. Flesch describes tone-production

as follows:

tone production is governed by equally restricted, though infinitely more
complicated mechanical laws, than those of pitch, in which a mathematically

established number of vibrations constitutes the only deciding fact. "

This could be an introduction to a discussion on the Helmholtz Motion and its effect on

tone, although Flesch never uses that term.

” Flesch, Problems of Tone.
8 Flesch, Problems of Tone.
° Flesch, Problems of Tone.
19 Flesch, Problems of Tone.

62



Carl Flesch is specific in his discussion of five points of contact in, The Art of
Violin Playing'' Flesch divides the area of the strings between the bridge and the

fingerboard into five bow “points of contact.”"?

Flesch uses the term “points of contact
theory,” and provides the following description to each of the five areas between the

bridge and the fingerboard of the violin.

L At the bridge (Br.)

II. In the neighborhood of the bridge } (Brn.)

(between bridge and central point)
III. At the central point (Cp.)

IV.  In the neighborhood of the fingerboard
(Fbn.)

(between the fingerboard and central point)

V. At the fingerboard (Fb.)

Flesch introduces abbreviations that can be used as a visual aid in the music, to help
students organize their bow at the correct point to produce the optimal tone. The
abbreviations could be placed throughout music very much like bowing symbols. Refer

to figure 5.01 for his illustration.

1" Flesch, Violin Playing: Book I, 62.
12 Flesch, Violin Playing: Book I, 62.
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Figure 5.01: Carl Flesch Point-of-Contact (Carl Flesch, Problems of Tone Production in Violin
Playing(New York: Carl Fischer, 1934), 5.)

Flesch states the importance of dividing the right-hand bow technique into two separate
sections: the first is tone-production, the second is the mechanical aspects of the use of
the bow and various bow strokes.> According to Flesch, “a tone is the result of regular,

514

periodic vibration on a certain frequency.” " The string is set into motion by the bow

hairs, which have “tiny little hooklets” that become “edgy” when the rosin is applied. "

13 Flesch, Violin Playing: Book I, 62.
' Flesch, Violin Playing: Book I, 62.
'3 Flesch, Violin Playing: Book I, 62.
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is saying that to only focus on the bow-grip when teaching tone, is only a portion of the
necessary techniques of tone-production. Therefore, teaching tone-production should be
independent from, and in addition to, teaching the bow-grip. As proof of his statement,
Flesch uses violinist Josef Szigeti as the example; observing that his bow technique was

based on “obsolete [and] faulty fundamental principals.”"

Yet, proclaiming his tone-
production was surprising beautiful as a result of his “highly developed tonal sense, and
cognizant of the secret of suitable tone-production . . . [plus his ability to] fit one to the

other.”?’

Therefore, Flesch determines that tone-production is based more on the contact
between the bow and the string, than on finger placement on the bow, or flexibility of the
wrist and bow arm, which is traditionally the focal point on bow technique. Flesch’s
statement, although contrary to the pedagogy of his string colleagues, does correspond
with Schelleng’s description of where a bowed string vibrates most freely between the
bridge and the fingerboard. As discussed in Chapter Four, the Schelleng Diagram
displays at a glance, the region of “good behavior” for the bowed string model, i.e., the

region of the parameter space in which simple Helmholtz Motion is obtained during a

long, steady stroke.*’

1 Flesch, Problems of Tone.

20 Flesch, Problems of Tone.

! John C. Schelleng, “The Bowed String and the Player,” Journal of Acoustical Society of
America53, no. 1 (January 1973): 28.

66



Flesch talks about teaching sound quality “exclusively from an aesthetic point of

22 He warns that only using aesthetic terms to describe sound quality does not

view.
teach a student how to achieve that sound “mechanically” with the bow.> Flesch
specifies that common descriptive words use when teaching tone quality are ones that are

»2* Terms such as,

used by our senses, “sight, taste, smell, sense of touch and emotion.
“bright or dull, clear or dark, full or hollow, large or thin,” only serve to guide
interpretation.”> Therefore, it is imperative that the visualization of a particular tone
quality be supported by the appropriate “mechanical” information; the speed of the bow,
the amount of pressure on the bow, and which point of contact should be used when
teaching students.”® Only the combinations of both “aesthetic and mechanical” teaching,
will allow students to obtain the ability to learn a tone quality.>” Flesch points out that
position height of the left hand needs to be taken in to consideration when selecting bow
pressure and point of contact. The string needs to vibrate purely and regularly to achieve

its perfect sound, for that reason, when playing at the top of the fingerboard one must

allow the greatest length of string to vibrate most freely. This is only possible by playing

Flesch, Problems of Tone.
Flesch, Problems of Tone/.
Flesch, Problems of Tone/.
Flesch, Problems of Toney.
Flesch, Problems of Toney.
Flesch, Problems of Toney.
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lightly and on the strongest part of the string, point of contact one. Flesch states that
when selecting the point of contact area of the string to place the bow for the “correct”
sound, there are three factors that must be taken into consideration: (1) time duration of
the stroke, (2) prescribed tonal volume, (3) height of position.28 For these reason, the
point of contact is “subject to constant change.”*

Flesch’s opinion is that the “quality of the instrument is not, as often asserted, a
decisive factor in regard to tone-production. The latter, to begin with, is dependent upon

f”30

the player himsel He adds that the quality of an instrument may at best assist the

player to reach his endeavors, but that is all.

Ivan Galamian

Ivan Galamian, the Iranian-American violinist represents a combination of the
teachings of the Russian and French schools of violin technique, referred to as the
Franco-Belgium school of violin technique. In Chapter Three of his treatise, Principles
of Violin Playing and Teaching@yalamian reinforces what has been written in previous

treatises concerning the importance of the interaction between bow speed, bow pressure,

2 Flesch, Problems of Tone.
¥ Flesch, Problems of Tone.
3 Flesch, Problems of Tone.
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and bow sounding point.”' He refers to the right-hand of a violinist as having the most
problems, and encourages the player to take a natural approach to solving these problems.

Galamian teaches that a perfectly natural and relaxed bow hold is the only way for
a violinist to achieve a beautiful tone, and bases his approach to tone-production starting
with the bow hold as its foundation. He encourages the player’s bow hold to be in
“constantly modification” as the bow travels up and down the string, changing speed and
pressure through spring-like finger actions.®® Galamian teaches that it is the bow that
moves the fingers, encouraging his students to modify their bow hold based on their arm
and finger length, and allow the bow to remain straight as it travels on the string, by
letting the fingers adjust to its position. He stresses that the position of the bow stick
form a forty-five degree angle to the plane of the string. Galamian asserts that having the
bow at this angle when it travels on the string, will increase brilliance and give a more
“free” tone quality (as opposed to “pinched” or “pressed”).*® This angle is considered
especially important when approaching the frog of the bow.

Scientist Erwin Schoonderwaldt agrees with Galamian. He and his colleagues

gave a lecture in 2003 on the subject of bow angle. A study was done to determine if “a

3! Ivan Galamian, Principles of Violin Playing and Teachingj“ ed. (Englewood Cliffs: Prentice-
Hall, 1985), 59.

32" Galamian, Principles of Violin Playing45s.

3 Galamian, 59.
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decrease of the width of the bow hair may boost the string spectrum considerably for

»3* The results show that there is a gain in the harmonics amplitudes of

higher harmonics.
three to six decibels, above harmonic twenty.” Decibel is “a unit for expressing the ratio
of two amounts of electric or acoustic signal power.”*® Therefore, if tone quality is
“determined by the amplitudes of the harmonics,” then it seems to be true that there is an
increase in brilliance, caused by the increase size in the harmonic upper partials.®’
Galamian asserts that the final ingredient to produce a quality tone is “sounding

9538

point.””" He defines sounding point as the, “particular place, in relationship to the

bridge, where the bow has to contact the string in order to get the best tonal results.”*
Different combinations of the three fundamental elements of tone-production;

bow speed, bow pressure, and sounding point, are dependant on one another. Galamian

gives examples of the importance of this interaction. For example, to produce a good

tone a change in bow pressure may be required. Or, if the sound point remains constant

there may need to be a change in bow speed.

3% Schoonderwaldt, Erwin, Knut Guettler, and Anders Askenfelt, “Effects of the Width of the

Bow Hair on the Violin String Spectrum,” (in Proceedings of the Stockholm Music Acoustics Conference,

Stockholm, Sweden, 2003), 1, http://www.speech.kth.se/ (accessed June 9, 2007).

% Schoonderwaldt, “Effects of Width of Bow Hair,” 1.

3% Merriam-Webster on-line Dictionary, http://www.merriam-webster.com/dictionary/Decibels
(accessed February 4, 2009).

37 Beament, 10.

¥ Galamian, 55.

3 Galamian, 55.
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fingerboard, and the frog it always a little closer to the bridge. This is what Galamian
refers to as “the slightly slanted stroke.”*® Ideally, the bow should travel on the same
“identical path” in both directions, and always with the bow stick at a right angle facing
towards the fingerboard.*®

When teaching variations in tone-production, Galamian simplifies his approach to
cover just two opposites types of dynamics. “Type One relies mainly on speed to bring
out the [piano] dynamic differences required in the music; consequently, much bow will
be used without too much pressure.”*” The sounding point will be closer to the
fingerboard. “Type Two relies mainly on pressure, [forte] which will be used in a
combination with a rather slow speed in the bow,” and the sounding point will be closer
to the bridge.*® Galamian uses colors to help define these areas; Type One, is described

as a “paler, more delicate and pastel-like,” Type Two, as being the brightest of colors.*

Robert Gerle

In his book, The Art of Bowing Practice: The Expressive Bow TechniRjoleert

Gerle refers to the scientific principals of acoustics when discussing producing a good

Galamian, 61.
Galamian, 61.
Galamian, 62.
Galamian, 62.
Galamian, 62.
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tone.” He states that although there are many, “legitimate and successful approaches to
the art of bowing . . . certain mechanical, physical, physiological, and acoustical rules are
constant and beyond dispute.”®' Gerle also observes that many young musicians do not
spend the time needed to acquire the skill needed to express the concept of musical
expression. There are distinct ways that tone conveys what expressive content is
produced within music. Learning to implement the correct bow techniques to covey this
expression, should be a portion of each lesson. Without this direction, students hope,
“that mere repetition will miraculously bring out the desired effect.”>* In the
introduction, Gerle discusses the reasons for writing his book, saying that contemporary
string methods have become focused around left hand technique. Interestingly, he links
the problem in developing bowing technique to the demand for instant progress and
solutions.™ Developing right-hand technique can be a slow process, and within societal
desire for instant success, it is much more natural to focus on the mechanics of the left-
hand.

Gerle states that there are only two elements required for producing good tone:

the mechanical and the physiological. “The bow provides the first, the player the

%% Robert Gerle, The Art of Bowing Practice: The Expressive Bow Technifjordon: Stainer &
Bell, 2004), 15.

51 Gerle, 15.

52 Gerle, 15.

3 Gerle, 11.
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second.”

The three fundamental variables in producing good tone quality:

1. bow-speed
2. bow-pressure

3. distance from the bridge

These three fundamental variables are dependent on each other for a given output
in dynamics. These are fully independent variables the player can use in order to obtain a
particular outcome of tone color. Knowing which dynamic and color to execute is the
artist’s decision. Choosing which variables to adjust is also the artist’s decision. Gerle
states, “bow-speed and bow-pressure are inversely proportionate at the same dynamic
level, and the distance of the bow from the bridge depends on their interrelation.” He
continues by stating, “they change in proportion to each other, but their sum total remains

» To help students learn to implement and

constant on a given, steady dynamic level.’
adjust for varying dynamic outcomes, Gerle provides an innovative visual image of
balloon-like circles, to show how different proportions of bow speed, bow pressure, and

bow distance from the bridge, can produce the dynamic ranges between piano and forte.

The smallest size balloons are piano (p), the middle size balloons are mezzo forte (mf),

% Gerle, 43.
55 Gerle, 43.
% Gerle, 43.
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and the largest size balloons are forte (f). In figure 5.02, the balloons on the left show
proportions needed for a sustained dynamic level. As the dynamic level increases, so
does the size of the balloon. The balloons on the right show proportions for a sudden
change in dynamic level, which change in size based on dynamic level.”’ The variations
in proportions of these elements represent how the player obtains that dynamic level.
These balloons can be used as a visual aid for students when playing sudden dynamic
changes, by selecting two different size balloons. For example, when sustaining forte (f),
to achieve a sudden piano (p), the left forte (f) balloon proportions need to change in

comparison with the right piano (p) balloon proportions.

57 Gerle, 44.
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Art of Bowing Practice: The Expressive Bow Technique (London: Stainer & Bell, 2004), 44, Stainer &

Bell. Reproduced from The Art of Bowing Practice’ by Robert Gerle by permission of Stainer & Bell Ltd,

London England www.stainer.co.uk.)

Gerle further demonstrates this technique further with these examples: the greater the
bow-speed, the lesser the bow-pressure, the greater the distance from the bridge, or the
lesser the bow-speed, the greater the bow-pressure, the lesser the distance from the
bridge. Gerle states it is important to make a distinction between the pressure on the
string resulting from the bow itself, which is referred to as ‘weight’ or ‘gravity’, and the
pressure placed on the bow from the player, referred to as “force’ or ‘power’.”® The

difference in the use of the word pressure in this case, can be demonstrated by pulling the

¥ Gerle, 44.
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JLIXUH E 1 H J D WRkp¥nkdd Bitt) ek is¥iok febinl Robert Gerle, The Art of
Bowing Practice: The Expressive Bow Technique (London: Stainer & Bell, 2004), 45, (right side).
Copyright 2004, Stainer & Bell. Reproduced from The Art of Bowing Practice’ by Robert Gerle by
permission of Stainer & Bell Ltd, London England www.stainer.co.uk.)

This positive and negative pressure comes from creating the feeling of a lever
between the thumb and first finger on the bow grip.”’

To reinforce his lever concept, Gerle suggests using a small postal balance to
learn how where in the bow there needs to have more positive or negative pressure.®’
Bowing along the edge of the postal balance, keeping it at a steady four ounces, will
transfer to a dynamic marking of mezzo forte. If no additional pressure is applied, then
the postal balance will register only one-half ounce when it stops at the very tip. The
following exercise comes from Gerle’s book; The Art of Bowing Practice: The

Expressive Bow Technique:

1. Hold the balance as if it were a violin

% Gerle, 45.
0 Gerle, 46.
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Simon Fischer defines the fundamental characters of tone-production:

Every sound is the result of: (1) a particular speed of bow with (2) a
particular amount of pressure . . . dependent on (3) the tension of the
string at that particular distance from the bridge . . . at every distance
from the bridge there is a certain amount of speed, combined with a
certain amount of pressure that produces the freest and, when wanted the

widest possible vibration of the string.*®

Executed with proficiency and in varying combinations, the bow is responsible
for the distinct qualities of color and texture. The understanding that tone quality is a
product of these three components is not new. What is new, are the innovative ways
Fischer simplifies the concept, to help facilitate an awareness of first the parts, then the
entire technique.

Fischer understands that, “players and teachers avoid using the word "pressure’
because they fear that it may lead to pressing the bow, [so] they use the word 'weight'
instead, to encourage a feeling of sinking the weight of the bow into the string.” Fischer
feels that if particular attention is given to the fingers’ distribution on the bow, and one is
focused on proper balance between bow pressure, bow speed, and bow distance from the

bridge, then using the word ‘pressure’ is fine. He goes on to state that it is important to

% Fischer, Practice,47.
87 Simon Fischer, “Tone Production,” TheStrad119, no. 1420 (2008):76.
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have a “conception of the freely vibrating string, of the purity, and beauty of tone that
you want, the exact musical expression and phrasing, and [as] you listen — then there is
little danger of playing with a pressed tone.”®®

Fischer finds that, “it is all too easy [for students] to bow near the fingerboard too
much of the time, because this is the line of least resistance. Unless you deliberately
move the bow against this line, the bow automatically moves to the fingerboard.”®
According to Fischer, the sound created close to the fingerboard may sound “mellow’ to
the player’s ear “because there are fewer upper partials in the sound.”” However,
lacking these (harmonic) upper partials means “the tone will lack brilliance and carrying
power.”’! This particular statement is descriptive, yet not completely factual. The
important distinction is, notes are compound, therefore contain harmonic upper partials,
however, the quality its tone is “determined by the amplitudes (size) of the harmonics
»72

which are present.

To help students learn the correct amount of pressure needed to play with a rich

% Fischer, “Tone Production,” (2008), 76.

% Simon Fischer, “Some Essential Aspects of the Bow and Bow Arm,” The Stradl 06, no. 1264
(August 1995): 800.

" Fischer, “Essential Aspects,” 800.

"' Fischer, “Essential Aspects,” 800.

& Beament, 10.
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tone, Fischer suggests using the natural spring of the bow, and suggests the following

exercise:

1. Place the bow on the string without moving it, and push the stick

towards the hair.

2. The bow will want to spring back to a relaxed state if a sustained

pressure is not maintained.

3. By resisting the bow’s upwards push, and adjusting the speed and
sounding point, students will learn the correct combination of speed

and sounding point that will make the richest tone.

Fischer states that, “one of the first things children must learn about the use of the bow is
to play down into the springiness of the stick rather than only move the hair of the bow
along the surface of the string.””’

Fischer describes five areas between the bridge and the fingerboard in detail —
referring to them as the “soundpoints” of bowing. He uses Flesch’s definition for
clarification, provides a photo of the top of a violin to further clarify the five positions of

the bow, and he numbers each position, one through five; number one being closest to the

bridge and number five being at the fingerboard.

3 Simon Fischer, “Playing into the Wood of the Bow,” TheStrad118, no. 1401 (January 2007):
66.
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Fischer’s suggestion to add this numbering system to his definition of soundpoints
creates an opportunity for string music educators to effortlessly incorporate this
bowing technique into any and all teaching situations. Fischer also presents a
very simple and “effective first step” in teaching the characteristics of each of the

bow’s soundpoints to young students without using the bow.”* He outlines his

concept as follows:

An effective first step for elementary students is for them to press the
string down with their index finger (i.e. without the bow), first on
soundpoint five and then again on soundpoint one. Gently pressing and
releasing the string a few times makes the tension and elasticity
immediately clear; looser and softer sound on soundpoint five; tighter and
harder on soundpoint one. The student should then play a few simple
strokes on the same soundpoints ‘feeling’ the string with the hair of the

bow instead of the index finger.”

Below is Fischer’s description of placement for the five soundpoints of the bow and a

photo.”® Divide the area from the bridge to the fingerboard into five ‘soundpoints’:

1. Near the bridge
2. Between the bridge and the central point

3. At the central point

™ Fischer, Basics41.
> Fischer, Basics41.
7 Fischer, Basics41.
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4. Between the central point and the fingerboard

5. At the fingerboard

Figure 5.04: Simon Fischer — Soundpoint (Author’s violin pictured, original photograph in,
Simon Fischer, Basics: 300 Exercises and Practice Routines for the VialirHinrichsen (London: Peters
Edition Limited, 1997), 41.)

Fischer illustrates each contact point, using the term sounding point, between the bridge
and fingerboard. Each is numbered beginning with number one closest to the bridge.
Placing the bow at different contact points will change the color of the notes. The contact
point closest to the fingerboard produces a soft, translucent sound, while the contact point

closest to the bridge produces a loud, harsh sound.”’

"7 Fischer, Practice,47.
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three components of tone production by page twenty-three in the student book. Although
the directions are clear and specific, this approach does not go far enough beyond

modeling.

Superstart: Basic Skills and Pieces for Beginners

This book is designed for teaching a homogeneous beginning string class. In
Superstart Violin Level I: BasiSkills and Pieces for BeginneMary Cohen has the
students learn and play a song called, “The Good Sound Guide.”* The words of the
song include, “if you grip you’ll make a scitchy scratchy sound ... flex your fingers and
your thumb, please, and the sound will just come out.”®" There are two addition verses,
“too much rosin makes an itty gritty sound ...” and, “if you skid you’ll make an eaky
squeaky
sound.”®® With this song, Cohen is using Galamian’s approach to teaching tone-
production, which is that tone-production is based on a student’s bow hold.* There are
no other references, other that defining pianissimo and forte, having to do with teaching

tone-production.

% Mary Cohen, Superstart Violin Level I: Basic Skills and Pieces for Begin(iassdon: Faber
Music, 1997), 16.

87 Cohen, 16.

88 Cohen, 16.

% Galamian, 59.
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Essential Elements 2000

In Essential Element000 for Strings, the authors have “listening skills”
exercises throughout their book, which can be used to encourage students to produce a
good sound.” The exercise is for the student to repeat what the teacher plays first. This
approach to teaching tone-production may echo the Suzuki method. The Suzuki books
include a tape-recording of all the pieces the students will learn. Students are instructed
to listen to the pieces as part of their practice. This is the important element in teaching
tone production in the Suzuki method.”’ Traditionally, tone-production is taught through
modeling, therefore, this may be the author’s approach for encouraging teachers to model

the correct tone-production for their students.

New Directions for Strings

One of the most recent string method books (the collaborate work of Joanne
Erwin, Kathleen Horvath, Robert McCashin, and Brenda Mitchell) is New Directions fo

Strings: A Comprehensive String Method B&olBook II was published in 2008, and

% Michael Allen, Robert Gillespie, and Pamela Tellejohn Hayes, Essential Elements 2000 for
Strings: A Comprehensive String Method, Book,@eacher's ManualNlilwaukee MN: Hal Leonard,
2002), 65, 95,139,173, 179, 196, 207, 215.

*l Shinichi Suzuki, Violin School: Violin Part, Vol. TVan Nuys: Alfred Publishing, 1978).

%2 Joanne Erwin and others, New Directions of Strings: A Comprehensive String Method
Teacher's Manual Book,lkd. B. Balmages (Fort Lauderdale: The FJH Music Co, 2008), 82.
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continues with the format of Book I. The Teacher’s Manual for Book II will be
published early 2009.

In Book | Unit 4: Meeting the Bowthe authors prepare the teacher for teaching
tone-production by examining the three proprieties that need to be present, “speed,

993

weight, and sounding (contact) point.””” These are defined as:

1. Speed — the rate of motion of the bow as it is drawn across the string.

This is controlled by the whole arm, wrist, and hand.

2 Weight — the amount of force exerted on the string by gravity’s effect on
the arm. This is more of release of inherent arm force rather than the
application of “pressure.” The concept of released weight is important to

prevent tension in the right arm.

3 Sounding (contact) point — this is the actual point of contact between the bow

and string, relative to the bridge . .. **

There is an additional description of the area between the bridge and the
fingerboard, and that is that this area contains various ‘lanes’ that run parallel to the
bridge for the bow to travel on. The term “lane” has been used by many string educators,

one of whom is Robert Gillespie in his book, Strategies for Teaching Stringsd serves

% Erwin, 82.
°* Erwin, 82.
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as a visual aid for students.”” Erwin continues to describe the meaning of “lanes” by
adding an illustration showing “bowing variables of speed and weight.” ** This

illustrates how the different tone qualities are achieved, see figure 5.05.

Fingerboard

Lane 1: Speed: 5 Weigcht: 1

Figure 5.05: New Directions for Strings: Bowing on the Instrument (Reprinted with
permission from Joanne Erwin and others, New Directions for Strings: A Comprehensive String Method
Teacher Manual Book ¢d. B. Balmages (Fort Lauderdale: The FJH Music Company, 2007), 83.

Copyright 2007, FJH Music Company. )

The authors go on to point out that lanes two and four, are the most frequently

used with lanes one and five, “reserved for color bowings such as sul tasto(bowing over

9597

the fingerboard) or sul pointicello(bowing near the bridge).””" There is no clear

> Hamann, 65.
% Hamann, 83.
7 Hamann, 83.
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definition of when to use lane three.

Throughout the book, the authors continue to remind teachers about the “Bow
Lanes (Point of Contact)” in their Unit Skill Summary, as well as in the green-boxed
“Teacher Tip” sections.” Unit Four focuses on “Bow Lanes” in reference to teaching
dynamics, and introduces the three components of tone-production; “Speed, Weight, and

999

Contact Point (Location).””” The different lanes are described as the “piano Lane, near

»190 The authors also instruct

the fingerboard,” and the “forte Lane, near the bridge.
teachers to have students “add slightly more weight and less speed” when playing on the
forte Lane, and “slightly more speed and less weight” when playing on the piano Lane. '’
Unit Eight, discusses bow distribution by introducing bow speed. The authors discuss the
bow technique of adding or subtracting bow speed in order to be able to continue to use
full bows on sall notes being played.'” These exercises in Unit Eight encourage students
to learn bow division and playing faster and longer bows on short notes when a long note

follows, therefore, not running out of bow for the long note. Unit Ten: Advanced

Musicianship, reinforces the three components of tone-production.'” “Good Sound, Big

% Hamann, 97, 104.
% Hamann, 97.

1% Hamann, 97.

" Hamann, 97.

12 Hamann, 168.
1% Hamann, 231.
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Tone = the correct combinations of bow speed, arm weight, and contact point (bow

104
lane).”

a Crescendo = Play Louder = more bow speed or
Good_ So_und, Big Tone = the correct more weight, with bow nearer the bridge: <
combination of bow speed, arm

weight, and contact point {bow lane)
Diminuendo = Play Softer = less bow speed or less

weight, with bow nearer the fingerboard: >

M = mezzo = medium

LOUD | f
Medium Loud mp
Medium Sofi pP

Figure 5.06: Good Sound, Big Tone (Reprinted with permission from Joanne Erwin and others,
New Directions of Strings: A Comprehensive String Method Teacher’'s Manual,BdoB.IBalmages
(Fort Lauderdale: The FJH Music Company, 2008), 231. Copyright 2007, FJH Music Company.)

Again, the most readily perceived parameters of sound are the focus of this unit
for teaching the components of tone-production. The important factor is that these
authors have made an effort to pass on master teachers’ philosophy of tone-production.

String books traditionally hesitate to use the term “bow pressure” when teaching
bow techniques. Galamian is clear that terms such as “gravity” and “arm-weight” be

used whenever possible when teaching bow techniques.'” Unfortunately, teachers who

1 Hamann, 231.
195 Simon Fischer, “Tone Production,” Strad119, no. 1420 (August 2008): 76-77.
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are using method books in their classrooms may not get the same results that Galamian
would have gotten in his private studio. Using Galamian terms, “gravity” and “arm-
weight,” to a group of students might very well create more confusion than clarification,
in that gravity and arm weight do not change. Using the term “pressure” may be a more
recognizable word for young students that describe exactly what needs to happen for the
bow to generate enough friction to produce Helmholtz Motion in the string.

Many contemporary method books start with learning the names of the open
string notes, and have students play only pizzicato for the first few weeks of classes.
Jacquelyn Dillon-Krass, author and authority on string pedagogy at Wichita State
University, advocates having students start pizzicato because, “[then] they are able to

1'% This is true, because when a student plucks

play tunes right away and feel successfu
an open string, there are not many things that can go wrong; the string vibrates freely and
produces a pleasant sound instantly. This is because a plucked string is a linear system,
which means the vibrations from the string produce a single response function. This
means that when the string is plucked twice as strong, the ear will hear the same pitch

twice as loud. ' On the other hand, when a student bows an open string, many different

outcomes can be produced. It is considered a non-linear system. This means that when

1% Jacquelyn Dillon-Krass, String Class Teaching Philosopteynotes on line, Conn-Selmer
Institute, 1999), http://www.keynotesmagazine.com/article.php?uid=187 (assessed January 10, 2008).

17 David Heeger, Linear Systems TheoPepartment of Psychology, New York University,
2003), http://www.cns.nyu.edu/~david/handouts/linear-systems/linear-systems.htm (accessed November
22,2008).
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the string is bowed the sound might be good, but more than likely, it can be distorted to a
whistle or a grunt. The difference stems from a fundamental distinction between the
physics of plucked and bowed strings.'®® Teachers want their students to succeed, and
may feel that because there are so many possible outcomes when using the bow, many of
which are discouraging, it might be best to postpone its introduction. Unfortunately, this
may not be an approach that creates the best outcome for students. Tone-production is a
critical element in violin playing, and tone quality can be a primary judgment to
differentiate between the accomplished and the unskilled violinist. Beginning students
can benefit from learning how a good tone is produced. Postponing the development and
understanding of good tone can have a long-lasting effect on their musical grown and
enjoyment for playing.

Music notation contains bowing symbols, showing when to use an up-bow, down-
bow, slurs, staccato, or marcato, crescendo, and diminuendo bowings. These bowing
parameters are well defined. Tone-production is often traditionally taught through
modeling and without symbols in the printed music to direct students to add pressure to

their bow or move the bow slower or faster, it up to the teacher to explain and

1% Woodhouse, “Why Violin Hard Play?”.
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demonstrate. For a variety of reasons, teachers with backgrounds other than strings are
filling positions that traditionally only string educators held. There is now a need to
explore other approaches to teach tone-production that does not necessary need the
teacher to model.'"”

In Chapter Six, the synthesis of teaching good tone-production will be discussed.
Practice studies relating to this synthesis can be located in the Appendix A: Application.
The discussions in Chapter Six are easily adaptable to all string environments, and can be
implemented without the teacher demonstrating. When students learn through self-
discovery, it can be a powerful experience. And through teacher guidance, rather than

demonstration, they can succeed in producing Helmholtz Motion in the signature modes

of their instrument and produce the largest amplitudes of the harmonics.

19" Anonymous, “WANTED: 5,000 String Teachers! Status of Orchestra Programs in America’s
Schools,” In The American Music Teacher. American String Teachers Association and National School
Orchestra Association: The Music Teachers National Association (August 1, 2002): 3, www.astaweb.com
(accessed January 3, 2009).
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The New Method

2

There are missing links between acoustical findings and master violin teachers
tone-production pedagogies. By providing the missing thread for these, teachers and
students can achieve a better understanding of how to produce good tone on their
instrument. Acoustical findings can successfully be correlated into master teachers’
pedagogy for tone-production, creating a method that is directive, and focused on student
discovery through guided activities — rather than teacher modeling.

Developing a new method for effectively teaching good tone-production might
seem difficult, especially in large heterogeneous classes, yet with appropriate sequential
steps, this can be surprising easy. This method has a primary focus on the violin and
viola; and with minor adaptations can extend to cello and string bass. Additionally this
method can be used at different levels of instruction and in ensemble conducting.
Students at varying musical levels can have fun with the practice studies (provided in the
Appendix A: Application) and yet at the same time learn valuable lessons in physics and
acoustics. The string instruments are “highly acoustical,” therefore, learning about
Helmholtz Motion, and the Schelleng Diagram will create a connection that is logical for
students. '

Helping students achieve the Helmholtz Motion is a matter of simple steps, all of

12 Schleske, "Zeitgeist,” 1.
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which can be presented without modeling. Although modeling is a common and
successful method for teaching a good tone, some teachers and conductors may not have

a strings background. They will be unable to effective implement modeling.

Applying Physics to Teaching Good Tone-Production

Acoustical physicists use measurements to determine that the bowed string is
vibrating in Helmholtz Motion, creating a quality tone. Master teachers use their ears to
determine if the sound they produce includes a robust mixture of harmonics, creating a
quality tone. Although each has a different process for determining a quality tone, the
end result remains the same. Understanding the vocabulary unique to physicists and
master teachers, can provide parallel concepts that teachers can use to enhance student
learning. Using this vocabulary during instruction as “trigger words” can provide
reinforcement and clarification for students, especially when hands-on-correction is not
possible.

There are four components that make-up the new method for teaching good tone:
(1) recalibration of the ear, (2) rebalance of components, (3) instructional vocabulary, and

(4) exercises and drills.

Recalibration of the Ear

Obtaining the Helmholtz Motion when bowing a string instrument will not

produce the sound students correlates with a good tone. Students need to re-calibrate
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their ears so they learn what to listen for. Playing tones that include strong harmonics
will need more pressure that will result in additional bow friction noise to the person in
close proximity to the instrument. When students play with Helmholtz Motion, it can be
a challenge on their ears, especially for violin and viola students. This is because of the
proximity of their ear to the instrument. Because of this, students usually tend to play

soft unless instructed to play into the “wood of their bow.”"

When students apply the
appropriate pressure to the bow and the corresponding speed necessary to engage
Helmholtz Motion, they will describe what they hear as squeaks, raucousness, or
roughness. This may be the result of two conditions. First, the bow noise caused by
friction between the rosin and the string. Second, the increase in the numbers of audible
harmonics in the note because of their large amplitudes.'* As the bow travels down the
string in one direction, the horsehairs catch hold of the string. When the string can no
longer extend, it quickly releases, before the horsehairs catch it again. Scientists refer to

this as the “sticking and slipping motion.”"> Rosin is applied to the horsehairs help to

facilitate this “sticking and slipping motion,” but bow pressure is needed to sustain it.'®

" Fischer, “Playing into the Wood,” 66.

14 Beament, 18.

> Woodhouse, “Why Is Violin So Hard?”.
16 Schumacher, 81.
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Drills and Exercises

Mastery of any technique requires repetition. This is also true when learning to
produce good tone quality. Appendix A: Application provides a structured and
systematic routine of exercise for students to master through directed self-discovery. The
drills are structured for easy insertion into heterogeneous classes of elementary,
secondary and college level. Conductors without a professional strings background can
achieve the same results as ones familiar with tone-production pedagogy.

Providing connecting links between science and art can enhance student

achievement and enjoyment for their instrument.
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CHAPTER SEVEN

SUMMARY — CONCLUSION

In Chapter Four the discussion of tone-production begins with the Helmholtz
Motion; the simplest behavior of a vibrating string. The Helmholtz corner travels up and
down the string; making it appear that the string vibrates as a single loop.' This motion
is created with friction from the coarse horsehairs, alternately sticking then slipping as the
bow is pulled across a string.

All bowed string instruments produce a tone when the bow travels across a string.
In order to get the largest amplitudes in the note’s harmonic series, the key measurable
distinction of a good tone, the string must be engaged in Helmholtz Motion.” The correct
speed and pressure on the bow will allow the horsehairs to adhere to the string. This
engages Helmholtz Motion and increases the amplitudes of the harmonics of the note,
thus creating a full rich tone-quality.

Ernest Chladni provides a visual aid of the vibrational patterns in the violin’s

body. Based on acoustical findings, the first five vibrating modes formed in the cavity

! Beament, 15.
2 Beament, 10.

108



and top-plate of the violin are the same in each instrument, independent of its cost.’
These five modes are called Signature Modes.

Another contribution to understanding good tone is the Schelleng Diagram.* This
is a visual description of changeable sound qualities produced in varying bow pressures
and contact-points.

Applying the findings of Helmholtz, Chladni, and Schelleng can help students
with their understanding of good tone. It is important for students to realize that good
tone will include metallic or friction sound as a result of the horsehairs catching the string
to maintain Helmholtz Motion. This is an important part of training the string player:
helping them re-calibrate their ears.

Master teachers of recent generations have created an enduring legacy of
instructional material and approaches. There are many points of natural connection
between scientific findings and pedagogical traditions.

Robert Gerle emphasizes scientific findings in his teaching, saying that although
there are many “legitimate and successful approaches to the art of bowing . . . certain
mechanical, physical . . . and acoustical rules are constant and beyond dispute.”” Master

teachers may never say Hermann von Helmholtz or John Schelling’s name in their

3 Marshall, 697.
* Schelleng, 72.
5 Gerle, 15.
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private studio, but their message when teaching tone-production is consistent with these
scientists.

The importance of the bow has been clearly documented by all the great master
violin teachers of the twentieth century. Aaron Rosand states, “bowing is the thing that

separates the masters from the rest of the players.”®

Raphael Bronstein uses imagery to
define the importance of the bow in his book, The Science of Violin Playing, stating that,
“the function of the right hand in playing a stringed instrument might well be compared
to that of a painter, and the bow to his brush . . . a great deal of subtlety and phrasing can
be created with the bow.”” Gerle states that many young musicians do not spend the time
needed to acquire the skill, and the concept of bowing, so as to convey musical intentions
within the music they are performing, “hoping that mere repetition will miraculously
bring out the desired effect.”®

When students are able to achieve a quality tone engaged in Helmholtz Motion,
they can hear what they are playing, and having more confidence in the right-hand can
result in psychological strength for the left-hand. Students enjoy playing more because
the feedback they receive from people listening is genuinely positive.

Teachers can implement basic scientific concepts using the practice exercises in

Appendix A: Application. Many of these are adapted from master teachers’ tone-

¢ Samuel Applebaum and Sada Applebaum, The Way They Play, Book 3 (Neptune City, NJ:
Paganiniana Publications, 1975), 313.

7 Bronstein, 25.

¥ Gerle, Art of Bowing, 15.
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production pedagogy; many have been passed along from teacher to students for
generations. By adding a slight modern twist, the exercises can successfully develop

student’s awareness and technique for producing good tone.

Proposed Future Research

Additional research could be done on the human perception of good tone-
production on contemporary instruments. A study to address reasons why some
musicians still prefer the older Italians violins may provide contemporary makers
important opportunities.

The New Method presented in this study, could be evaluated using two separate
beginning string classes for comparison. The two groups would need to be similar in
social-economical backgrounds, and the two teachers would need to have parallel skills
and experience.

A study could be done on the effects different types of bow material have on tone-
production. Do Pernambuco and Carbon-fiber violin bows produce the same tone on a
violin? Sound recordings and blindfold listening tests can be held, and data collected can
be interpreted.

A study could be done on the development of published literature with notational
details for the young player. Origins of the literature’s most popular terms can be

determined including “bow lanes” and “bow highways.”
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The development of teacher training sessions based on the New Method presented
in this study could present material using a web-based program, specifically for the

special circumstances of the American public school string program.
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APPENDIX A: APPLICATION

Why is it important to teach the HelmhoMNotion to beginning string students?
When students know how to engage the string in Helmholtz Motion, they produce a
better tone on their instrument. The abityproduce a better tone helps them hear
pitches more clearly and gis¢hem confidence. Studdaarning is enhanced by that
confidence. It is more gratifiyg and fun to play when the soundgltkepth and richness.

Most string teachers give some attentto building good tone in their strings
class, orchestra, or private studio. M&magic ideas are in geral circulation among
string educators and conductors. This Appendix adapts these existing materials to the
scientific and technical sights presented in the bodytbfs study. The resulting
systematic approach (The New Method) barapplied to most string settings. Key
components of The New Method are preedrbelow and are followed by sample
Practice Exercises. These exercises can éx taseffectively enhance student learning
and accomplishment.

The practice exercises build on estdi#id tone-productiostudies, such as

Samuel Applebaum’s “Rote Exeseis” from Chapter Sixteen The Art and Science of
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e Bow-thumb — the thumb on the right hand. The thumb is the fulcrum in the
bow lever system. Refer to lever system.

* Lever system — “the thumb on the bow-hand is the fulcrum; the small/pinkie
finger is the effort; and the length thfe bow is the load. The crucial
forefinger is used to shift the "load" laterally, as well as to somewhat
counterbalance the force of the pinkie ("effort*).”

e Metallic — a perceived quayi of tone produced when the string is vibrating
in Helmholtz Motion (also referred to as raucousness, throaty, or raspy
sound).

e Professional sound — a trigger word reding students to have their string
vibrate in Helmholtz Motion.

e Push the stick to the hair — applyingepsure to the bow using a lever action.
Refer to lever system.

e Springiness part of the bow — the miedif the bow, where is horsehair is

closest to the stick.

3 Timothy James Dimacali, “Bow Hold: Concerned with Finding a Better Bow Hold and
Improving Flexibility...,” Violinist.com Disassion Posting, September 3, 2007,
http://www.violinist.com/discussion/response.cfm?ID=12Q@6cessed February 13, 2009).
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e Ripple effect — for every action (orrce) there is a reaction (or opposing

force) of equal strength but oppositeedition; Newton'’s third law of motioh.

Introducing the Helmholtz Motion

Teaching the essential element of a &ilmg string, Helmholtz Motion, can help
students focus on their bow. Having studevdasch the string vibrate when they play
may seem inconsequential, but this igraportant first step for teaching good tone.
When the string is vibrating widely iHelmholtz Motion, the tone produced is good.
Students may not correlate this sound eimg a good tone, so remind them that what
they hear under their ear is nvathat the audience hearg/hen their sound is perceived
as metallic, it will project to the back tife concert hall and sound “beautiful” to those

listening.

Practice Exercise I: Learning to Play with Helmholtz Motion

1. Have students play thempen D-string, and ask them to watch their string

vibrate.

2. Ask them to make their open D-string vibrate as wide as possible.

* Newton's Third Law of Motiorhttp://www.bbc.co.uk/dna/h2g2/A121044ccessed February
13, 2009).
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3. Ask them to describe what the vibrating string looks like.
Answers may be: (1) wiggling, (2)awing back and forth, or (3) moving

to one side.

4. Ask them if they have heard of teeientist Hermann von Helmholtz. Tell
them about the experiment he did watlblack string fastened to a tuning fork
that was marked with one white dot. ¥hhe watched the string vibrate, he

saw that it vibrated verglifferently from what isseen with the naked eye.

5. Draw figure A.01 on the board, showing what they see, and what Helmholtz

saw in the dark room.

This is what you
see when you
watch your string _ w= = = = = = __

vibrate, —~ N N
b - -
S~ % _. = ~The dark black

T

line is your string

The arrow shows

_—————— === howitis vibrating
& ~..

Figure A.01: Blackboard Drawing of the Helmholtz Motion

6. Have students play their ap®-string again, and ask them to make the string
vibrate very widely in Helmholtz Matn. Suggest they put more pressure on
the string using their bow-thumb and bévet finger like a lever. Suggest
that they slow their bow-speed. Askhieir bow is traveling straight and
parallel to the bridge. Ask them to baloser to the bridge, especially if
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7.

students play on mass-produced insteats with a poorly set bridge.
Students may play soft to keep fronayihg more than one string at a time.
Having them bow closer to the bridgéoas them to “plg into the wood of

the bow,” and play onne string at a time.

Ask students what their string soundlikhen they play with Helmholtz
Motion.
Answers may be: (1) screechy (2) throaty (3) raspy.

Helmholtz referred to this sound as “metallic.”

Remind students that the sound thegihunder their ear is not what the
audience will hear. The slightly metallic sound (Helmholtz Motion) coming

from their violin will soundbeautiful to the audience.

Tell students that this is what a gootié¢ sounds like. Helmholtz Motion is
created by friction and the notes produced contain large harmonic upper

partials — this is how the pregsional string players sound.

Use the term, “professional” sound when studemé playing throughout the class. This

trigger word can help them remember to bow so their strings vibrate as widely as

possible.

® Fischer, “Playing into the Wood,” 66.
® Helmholtz, 71.
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1. Ask students to play one down-bow amtk up-bow lasting nine beats, trying
to make the string vibrate widely.

2. Ask students to play one down-bow ame up-bow lasting two beats, trying

to make the string vibrate widely.

3. Ask students to play one down-bow ame up-bow lasting one beat, trying to

make the string vibrate widely.

Mixing it up is fun for students. For exate, have them play up-bow ten beats, and

down-bow on one beat.

Practice Exercise VI: How High Can We Count?

1. Have students to play a down-bow vstgwly while theteacher counts aloud

up to twenty.

2. Repeat the exercise, going five ta teumbers higher. Remind students to

keep their bow moving throughout the entire exercise.

Learning bow speed can begirrlgan a string player’'s development. Having students
learn how to make their bomove slowly between the frog and the tip (minimal bow

speed) can help them achieve more bow control when slurs are introduced.
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