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CHAPTER I
INTRODUCTION

Statement of Problem
The purpose of this work is to set forth the physical
characteristiics of the generator and resonator of the vig~
lin and to determine in what manner and degree they influ=
ence the techanic éf artistically manipulating the instru-

ment.

Need for Study

The writing of this study was prompted by the realiza-
tion that in order to obtain the quickest and soundest re-
sults from the learaning procass, it is necessary for the
student to carry in his mind at all times, a clear under-
standing of the mechanical as well &8 the artistic bagis of
his field. D. C. Miller, an eminent scientist and educator
in the field of physics of musical sound, expresses some-
what the same sentiments in his lectures at the Lowell Instie

tute.

The artistic world has rather disdainfully
held aloof from systematic knowledge and quantita-
tive and formulated information; this is true even
of musicians whose art is largely intellectual in
its appeal. The student of music is rarely given
instruction in those scientific principles of mu=
sic which are established. Years are spent in slaye

igh practice in the effort to imitate g teacher, and



and the mental faculties are driven to exaustion
in learning dogmatic rules and facts....Experi-
ence indicates that a month devoted to a study of
the science of scales and chords and of melody

and harmony, will advance the studeant more than

& year spe&t in the study of harmony as ordinarily
presented.

As a general rule, violin atudents &8 well as teachers
have very limited knowledge of the physics of the instru-
ment. Consequently, they advocate and use types of technic
that run counter to the maximum possibilities of the instru-
ment. Since there has never been any conclusive gtudy made
of the physics of the violin, it is impossible to prove
without doubt that any one technic is more applicable than
anether. Uatil such a study is made, there will be no comQ
plete standardization of performance upon the viclia. There
have been a number of studies made, however, of isolated
phases of the physics of the violin., If the findings of
these studies are gathered together, a fairly complete pic-
ture of the entire physical aspect can be obtained. From
such a grouping of facts,it should be possible to set up
conditions of perfermance that will produce gupsrior results
over other less practical technic. 8ince it is entirely
within the range of possibility that several mechaniocal P Ow
cesses will produce the same results, it must be stressed
that any susgestions made as to methods of performance are

the author’s own preference and any Procesg that is efficient

ip, ¢. Miller, The Science of HMusical Sounds, p. 264.



consigstently from the standpoint of the entire technie, has

Just as great & claim for universal use as any other.

8cope of Study

The discussion of the physical aspects of thne violin
is intended to cover all the phases as completely and as
compactly as 1is possible. Research on a number of the
pPhases, such as the path of vibratiens and its influence
upen well balanced resonance is not yet definitely completed;
therefore, it will be necessary te piece together as much
data touching on the subject as can be accumulated. Only
the basic technic of performance will be discussed. Bew
cause of the greal number of slight variations upon the
basic boew sirekes, it is not practical to attempt to seek
out and explain the qualitative differences of each from
the fundamental strokes. If the demands of artistic pers
fermance are applied to the fundamental stroke ag it is
descrived, the problem is capable of vbeing analyzed and

solved by the individual.

Organizatien of Study
The various phases of the physics and technic are or-
ganized in the order of their importance. The generator
is discussed first, being subdivided under the headings of
the bew and the strings. Included under the discussien of
the strings is a complete survey of compeund sound, both as

& single and a complex phenomenan. The resonator is the



next to be analyzed, its features being divided into three
divisions, the vibrational path, resenating areas aznd qualitye.
The technic of performing upon the resenator and generator

is divided under two headings, the actien of the right and
the left hands. Because of the importance of the right hand
in tone productien, it is discussed first. The legato stroke
is analyzed as the fundamental movement upon which all styles
of bewing are based. Variatioens of a fundamental nature upon
the legato stroke are discussed. Any slight variations that
would come under these headings are left to the analysis of
the reader. This is done because of the wide variations of
opinrions between the schools of violin playing. The artige
tic demands upon bow passage from string to string and sup-
port of the instrument precede: the discussien of the actual
manipulation of the left hand. The technic of changing the
pitches of the strings is organized into two sectiana,.thé
evolution of the universal pesition and the various aspects
of manipulation. The discussion of the universal poesition

is sn attempt to find the position that meets all the demands
of performance and is also the same in all positions. Under
the teechnic of the left hand, such subjects as touch, pulling
strings, shiftiag, finger preparation and vibrato receive
attention. The discussion of tuning, intonatien and positionsg
of performance represenis a new approach to the solving of
these problems. The analysis of the perception of accurate

intonation upon the vielin is especially abjective.



Source of Data

iigterial fér the first section of the work was gathered
from the better known books oun violin construction, magazines,
and various acoustical references touching upon compound
sound and instrument quality. Special help was obtained
through personal correspondence with several of the present
day authorities who are doing cousiderable work in this field.
These contacts made it possible for the author to obtagin pub-
lighed works that otherwise would not have been available.
The results of the second section are authenticated by the
use of references from the leading books upoen violin playing.
These references are used to verify the findings evolved
from the facts gathered concerning the physics of the violin.
Bince little work has been done in objective analysis of the
actual performance upen the instrument, few references can.

be located bearing out the procedure of evolution.



CHAFTER II
THE GENERATOR

The Baw

The bow is a very essential vart of the generator mechge
nism, for it is the agent that most generally sets the string
in motion. There are several different sizes and types of
bows that all operate on the same principle. This discus=
sion will not attempt to enumerazte and classify the various
divisions or schools of bow making, but rather, will take up
those general principles that have a bearing upon the tech=~
nic involved in performing upon the violin,

The bows that have foumi the greatest favoer with vio-
linists have a hair length of arocund 25% inches and their
center of gravity is about 74 incues from the gut.d This
balance poiat and the tempering of the woed ia the stick are
the two main factors that a violinist considers in choosing
and using a bow. The “tempering® of the stick of the bow
refers to the process of heating various points of the stick
for certain lengths of time to achieve or realize the best
springing quality from the wood. There is guite an art to
this process and it sometimes means the difference between

goed and mediocre bows. This quglity that is produced in

YThe Violin. How to Make It, pp. 120-121.




the bow by tempering is a temporary condition and the same
process must be renewed at varicus intervals.®

The round leng hairs from the tail of the horse are the
direct agents used to set the strings of the violin in motion.
The gecales of the hair, coated with rogin, do the actual work
of plucking the strings aad Seiting up transversal vibrations
in the strings. The scales of the hair of the tail of the
horse fall into the imbricate division of tﬁe infrahomini-
dal classification of mamials; that is, the scales of horse
hair have flattened distal {outer] edges and these edges ex-
tend on the average straight across the outer portion of the
nair. ZXach one of the scales does not extend completely
arocund the circumference of the hair, but, like the scales
of the fisah, overlap and compliment one another.® |

The part the rosin plays in setting the string in motion
is not quite elear} It is known however, that roagh or eve&
grades of rosin, and the various degrees of ipplicatinn have
& definite effect upcn the evenness of tone production. Oftenw
times unskillful, nough,_aeraping and variable performance
s due directly to this factor.4 It is the experience of

all violinists that a bow that has never been cogted with

zaﬁlame Tempering Bows for Reallzeucy ® Popular Mechanics,
IXXI(May, 1939}, 729. :

1. A. Hmusman, “Recent Btudies in Hair Structure
Relationshipss" Scientific Monthly, XXX {March, 1930) 260~264.

Harmann L. F. Helmholtz, &ensatlena of Tone, p. 67.




rosin provides 1little friction betwsen the hair and string.
It is my own personal conception that the rosin is caught
and neld by the scales of the bow and that the rosin does
the actual plucking of the string while the hair in a greater
or lesser degree is merely the agent for holding the rosin
in place.

Here is a very good description of the action of the
bow~hair upon the string by Arthur Tabor Jones.

The rosined bow is drawn at right apngles to
the string during the production of vibrations.
Az the bow is drawn across the string, there is a
growing friction between them. This increase goes
on until a maximum static friction is reached. Thew
the string slips backward along the bow; the static
friction is replaced by kinetic friection, and in -
spite of the foxrward motion of the bow, the string.
awings backward and then starts forward again. As
8oon as the string is moving forward at the same
rale ag the bow, the friction becomes static frictioen,
and the string moves with the bow until the maximum
static friction is again resched. The maintainance
occurs because the forward pull on the string just
before it begins to slip is greater than the forward
pull just after it begins to slip.5 .

It is also pointed out that it is entirely possible,
though not provable,that a condi;ti*oﬁ might be reached in
which kinetic friction would just haléhce the restoring
force s0 that the bow might hold the siring steady in a dig-

placed position instead of causing it to vibrate.6 The pro=-

ductian of uninterrupted and pure musical quality of tone

% grthur Tabor Joues, Seund. p. 220.
¢ Ipia. |



is the result of maintaining the vibrational forms of the
string in a uniformly steady and unchanged condition. The
acratching noises of & violin must therefore be regurded gs
irregular interruptions of the normal vibratious of the
string. The noises are the result of the stopﬁing and re=

cemmencing of vibration.’

The Strings

There are four conditiong which govern the pitch of a
stretched string. These counsiderations are, (1) its density,
(2) its lengtn, (3) its diameter, aug (4] its tension. The
vibration number varies inversely with the diameter. Halve
the diameter and the vibration mumber will be doubled; that is,
the resultant tone will be an octave higher. The vibration
pumber varies as the fquare root of the tension. If the
string is screwed four times ag tight, the vibration numver
is doubled. The vibrational number varies inversely as the
square root of the density. 1If a string four times the usual
density 1s used, the vibration humber of the note it gives
Will be half that of the usual note.8 The diameter affects
the relative strength of the partials produced by a& string to
a certain extent. Helmholtz asserts, in referring to pare

tials of the compound tone, that, "using thin gtrings which

7Helmheltz, op. cit., p. 85,

8 , . '
Percy C. Buck, Aeoust;cs‘foxﬁﬁualciana. p. 58.
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have loud upper partials, I have tﬁus been able to recognize
the partials separately up'to the 16ths"° When the sections
which lie between the nodes are too short and stiff to be
capable of monorous vibrations, they cease to be forued. il
From thege statements it could be concluded that thin striungs,
as a general rule,are strouger in the upper partials than
thick strings. This fact, if &pplied to the rules governing
Quality of tone, would indicate that instrument quality is

in some measure dependent upon the inherent quality of the
strings as well as the reproducing powers of the resonator.
Material referring to the iafluence 6f'density, lenzth and
teasion upon the harmonic structure have not been bfomght to
the author’s atteantion as yet. It is possible that research
in this field would be of value to violinists, with ¢mphasis
en the proper balance between the various factors with & view
to producing the most desirable tone.

String materiala also have an effect upon the strength
of the various partials. Frederick Ssunders makes aemé com=
ments on this factor in a personal letier of April 4, 1941.

One can say in general that the strength of
the upper partials decreaszes as we go up the scale
oi the average. This decrease is more rapid for
ﬁEﬁE?TdTE‘TEgﬁ- gut) with high viscosity, (and less

rapid for steel). A1l metal strings often have a
steel core, a soft wrapping, and an outer metal

®Helmholtz, op. cit., p. 50.
lolb&ds, D 46.
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winding. The middle layer may furaish viscosity.
Anyhow, these strings are not so "metallic™ ag g
steel E gtring.l1l ‘ , .

Another view on this phase of string quality is pro-
vided by Paul Stoeving. According to this authority, *light.
ness of the material of the strings is also conducive to the
production of very high partials, which gives brilliance of
sound, while the low elasticity of the ecat zutl gauses these

high overtones to die away quickly, thus softening the fingal

qguality of the tena;ﬁga

The Strings and Compound Sound
The harmonic gerieg.-«The importance, in the field afl
music, of the acoustical phenomenon which has been called

the harmonic series, has been very adequately stated by
Arnold Schoenverg.

~ To elucidate the relatiounship between tones,
one must first recall that every tone ia a come
Pound sound, consisting of a fundamental tone
{the strongest sounding one}) and a gseries of over-
tones. We may now make this statement, amd to &
great extent test angd prove it, that all musical
bPhenomena can be referred to the overtone series,
80 that all things appear to be the application of
more‘aimgle and more complex relationships of thig
gerieg.l

There are a great number of different types of generators

that produce compound sound; so, in thig work, since it is

llPeraonal letter from Dr. Frederick A. Saunders, Pro-
fessor of Physics, Harvard University, April 4, 1941.

2paul Stoeving, The String Quartet, pp. 12-13.

13Arnold Schoenberg, Schqenberg, PD. 269=-270.



intended only to apply the harmonic series as it is present
in the violin striung, the discuesion wiil be limited to the
compound sound production of the wire or string.

A string may produce two types of vibrations; trans-
verse and lengitudinal. In gll stringed instruments the
transverse and not the longitudinal vibrations are utilized.t4
A simple illustration of what is meant by transverse vibra-
tions can be shown by tieing one end of a rope to a post,
and after drawing it taut, throwing waves down its length
by using a whipping motion of the arm. By using & wire which
has been drawn tight and is fixed at both ends, it will be
seen what happens when such a wave is initiated and maipe
tained along its length.

When the gction of a bow or pick is applied at one end
of the wire, the resulting movement of the wire appears to
the eye to be blurred resembling Figure 1. This shape is
the result of a transverse wave of displacement traveling
aleng the wire, being reflected at the opposite fastened end,
aud returning back down the wire with the same velocity to

that end where the wave was initigted.

-

¥ig. le-Appearance of wire
in motion.

g, g, Stewart, Intraductegzvﬂcoustics, e 99.
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As long as the bowing or picking continues, the wave
.will appear to be stationary. This semblance of fixed form,
as it appears to the eye, accurs because the condition of
stationary waves is fulfilled, and there are two waves of
equal frequency and amplitude traveling in opposide direc-
tions. This is true only as long as the agitating force is
applied. The largest and most obvicus wave has ag its nodes,
the fixed peints of the string (nodes indicate the divieions
of a string). This wave has the greatest amplitude and the
lowest frequency possible to that string. The wave with the
lowest numoer of vibrations is called the fundamental of the
compound toune. The vibrations of the next higher frequency
of which the wire is capable, has one 2dditional node. Bucw
cegsively higher frequencies that are possible have two, three,
etc., additional nodes respectively, as shown in Figure 2.15
This subdivision goea on to a limit fixed by the combined
effecta of thickness,ls tension, density.l7 and place and
nature of agitation of the stringyla

The string may vibrate simultaneously with the freguen~

cies indicated in Figure 2. The lowest of these frequencies

15%,, p. 98.

OHelmholtz, op. cit., p. 50.
1vBuck, op. cit., p. 58.
18ermnoltz, op. cit., p. 2.
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are called overtones.™ The various frequencies are cglled

partials. Because of the fact that it was necessary to

<::::::::::><:::::::::> e T e
> >T> T T

Fig. 2-«The first several
divisions of the string.

clasaify them for use in orderly investigation, the partials
were given order numbers according to the number of times the
frequencies of the various partials exceeded that of the
fundamental, or, using its new name, the first paxtial.gc
Therefore, the frequency of the second partial of a-440Q cculd
be reckoned by multiplying the frequency of the first partial
by the order number of the seecond partial. The result would
be 880. Similarly, the frequency of each of the higher par=-
tials could be found by multiplying the first partisl's free
Guency by tne ordar number of the partial being considered.
‘This grouping of frequencies oceurring in a compound
tone ﬁaa been termed the harmunib series, poseibly because
eur fundamental harmonies are directly drawn from it. If
Figure 3 is ovmeerved, it is evident that the distance between
the first and second partials is an ectave; between the second

and third partials, a fifth; between the third and fourth

lggtewa&ft, P_E- Cit g P't 99&

aﬂBuck, op. ¢cit., p. 67.



partials, & fourth; between the fourth and fiftn partisls;

& major third, and between the fifth and sixth rartials,

B

4

L
il

!

I

Fig. 3-=A chart of the first

eight partiale and their order num-

bers as thegloccur gbove C below the

bass cleff.
a,miner ihizd. The intervals falling between the fundamental
and the various partials are; between partials 1 and 2, an
octave; 1 and 3, a twelfth; 1 and 4, two octaves; 1 and 5,
two octaves and a major third; 1 and 6, two octaves aud &
fifth. A major cherd is found between the 4th, 5th, and éth
partials. The major sixth lies between partisls 3 and 5, the
minor aixth cccurs between partigls 5 and &.22

Combination tones.--When twe tones are played together,

not only are the fundamental tones represented to the ear,
but alse & tumber of other tones which are the resuit of the
simultaneeus performance of these two tones. These combing-
tion tonee whose frequeney number is egual to the combined
pitech numbers of the two genergting tones are known as com-

bination tones of the second claaa.23

&lmck& uﬁ eittg Ft é?m
“RIbide, po 6%

%ﬁalh&ltz, op. cit., p. 153.
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Difference tones.-=~The firet class of combinatian tones

are called differential tones because their pitch number is
the difference of the pitch numbers of the generation tones.<4
*Generating tones™ refer not only to the two fundamental

tones but also, different combinations of the two fundamental
tones and the difference tones that they produce. The types
of difference tones are distiuguished from one ancther by a
aystem of orders, the characteristics of which are determined
by the cembinaticn of generating tones that is producing them.

First order differential tones are the differentials
arising directly frem the two fundamental generating tones
themselves. Second order differential tones are the tones
arising between either of the fundamental generators and the
firat aorder differential. Differentialé of the third erder
are the tones arising between the gecond order difference
tones and all of their predecesgors.

Differentizls are produced amongst them&&lvea and the
fundamentals and net between themselves aud any overtones.
The most easily heard of the difference tones are those
of the first erder, the ethgrs are pregent and can be pro-
duced in the laboratory. Overtones do produce difference
tones of their own, but they can be ignored for all practie-

cal.purpoaee.gﬁ

“41vid., p. 154.
5Buck, op. cit., pp. 134-135.
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Figs+ 4--4 representation of the dif-
ference tones arising from the various per-
Tect and consonant intervals.<6

OQotave, notes 4:8. Diff. 8-4 equals 4

Fifth, notes 4:6. Diff. 6-4 equals 2
2nd order, 4~2 equals 2, 6«3 equals 4

Fourth, notes 6:&. Diff. 8-6 equals 2
and order, 8-2 equals 6, 6«2 equals 4.
3rd order, 6-4 equals 2, 6~2 equals 4.

Major Third, notes 4:5. Diff. 5-4 equals 1.
2na €=l equals 3, Sl equals 4.
ord 4«3 equals 1, 5-3 equals 2,
4th 4-2 equals 2, 4~1 equals 3.

Minor Third, notes 5:6. Diff. 6-5 equals 1.
~ 2nd 5~1 equals 4, 6-1 equals 5.

ord 5-4 equals 1, 6-4 equals 2.

4th 4-1 equals 3, 6~2 equals 4.

5th, 6-4 equals , 6«3 equals 3.

Mgjor Sixth, notes 6:10 Diff. 10-6 equals 4.
2nd 10-4 equals 6, 6-~4equals 2.
Srd 10«2 equals 8, 6-2 eguals 4.
4th 6-4 equals 2.

Major Sixth, notes 5:8. Diff. &4 equals 3.
2nd 5~-3 equals 2, 8-3 equals 5. '
ord 5-2 equals 3, 8-2 equals 6.
4th 3-2 equals 1, 5-3 equals 2.
Hth 5-1 eguals 4, 8-1 eguals 7.
6th.8«7 equals 5-4 equals 1, 4-2 equals 2, 8-4 equals 4.

0Helmholtz, op. cit.,p. 155.



The notations of the figure on page 17, represent the
differential tones of the different orders. The generators
are ane-half notes, the difference tones of the first order
are guarter notes, the second order, eighth notes and etc.
The same tones &lso cccur with compound generaters as com=
binatieonal tones of their upper partials. The existence of
these differential tones of the higher orders cannot be con-
gidered @8 completely established.

Summation tones.-~The second class of difference tones
were named summation tones by their diecoverer, Hermann
Helmholtz. The vibrational numbers of summation tones are
equal to the sum of the wibration numbers of the twg genera=-
tors. The sumwation tones are very weak and can only be
neard with vefy much ease on the harmonium and the polyphonic
siren. Summation tones aﬁa always higher in pitch than either
of the two generators. Summation tones arise from the over-
tones of the generators, but are s0 weak that it would be

practically impossiile to produce loud enough for the ear to.

~ | [ l \-ol-
{ f o — . i~ “e -
Ld " |' +—
= -l
O\ _ [-] (. [
<Y, -
> - "
octave  Fifth Fourt h edor qq.::;rl" Wiwor Winokr
' i Third i
Zj-64‘ 2:+3 3_“‘ 4 3':-5 q,-.;...f Pu :':‘ S.S" ::tsk
- z 5 =17 ] =9 =13 ]

Fig. S5«-4 notation of the first
order summation tones of the perfect
and eonsonant intervals.
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hear. Because of the fact, only those swmation tones that
will bear cn the subject are charted.?

Beals.~-Beats are very hard to repreasent objectively be-
cause of the fact that the frequeuncy numbers of bath dif-
fereunce tones and beats resulting from the same intervals
are identieal. The number of beats resulting from the si~
multaneous performance of two tones is found by subtracting
the lower frequency from the greater frequency of the inter-
val veing inveﬁtigaxeé.aa P. C. Miller calles the phenomenon
"beat tones®, and maintaiuns that beats have a musical quality
just as do the generating tanes.zg'The majority af the other
authorities in this field however, separate the two, and
consider each of them as & separate force in acoustics. A4Ac-
cording to Percy Buck, beats are the double amplitude caused
when the vibrations are present at the same instent. This
causes a threb. Beats may érise between the primes, between
one prime and the overtone of another, between the overtome
of one and the overtone of anether, and between combinaticn
tones. %Beats may alse arise between combination tones and

the primes and the evertenea.al

27Helmholtz, op. oit., pp. 255-256.
28
I-bi.do.; P 64.
23, . .
Miller-, 220. .m_ﬁg P+ 183.
%% ek, SR eit., pp. 142-143.

Slzi. 8. floyd, Music and Sound, p. 43.
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The parte that beats play in imtonation and chord voice
ing can possibly be euphasized best by quoting a statement
from Helmholtz.

When two musical sounds are sounded at the
same time, their united sound is generally dise
turbed by the beats of the upper partialas, se
that & greater or less part of the whole mass of
sound is broken into pulses of tone, and the
Joint effect is rough. This relation is called
digsonatice.

- But there are certain determinate ratioes
between pitch numbers, for which this rule suf-
fers an exception, and either no beats at all

are formed or &t least ounly have so little im~
tensity that they produce no unpleasant dis~

turbances of the united acundza These exceptional
cases are called cousonances.

From these statements it seeme logical te draw the con=-
clusien that the perception of beats is the key te good in-
tenation, for beats are the factors that determine conso-
nance and dissonance.

Harmonicg.--Harmenics are produced by eliminating the
fundemental and certain other series of partisls of a bowed
string. This is done usually by touching the string lightly
with the tip of £he finger upon ome of the nodal poiunte of
the series that the performer desires to sound as a fundgn
mental. All of the simpler divisions of the string are in
this manner eliminated. Thus, if the production ef the twelfth
or third harmoniec is desired, the strings must be touched
at 1/3 or 2/3 of the string length and all the simpler di-

viglens of the string with ne such node will be silenced.

33Li°de_Er cit., p. 51, quoting Sensations of Tone,

by Helmholtz.
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If mo such node is present at the point of contact of the
finger and string, ne sound will emanate.55

There are two types of harmounics, artificial and natu=-
ral. Hatural harmonics are divisions of the apen string
and are producible with certain amount of ease mi any of
their nodal points on the string. This is true up to the
tenth division of the string. Nstural harmonics have no
piteh vibrato. Artificial harmonics are produced upon &
stopped string and are limited to the third and fourth di-
visiens of the string. 4 rather effective piteh vibrato can
be produced ot artificial harmonics.

The basic structure of hammonics is comparable teo that
produced by open or atopped tones on the same string. The
number of partials produced by harmonics is slightly less
than that of a stopped toue on the same string having the
same frequency, the lowest natural harmonics in#oiving twelve
partiale, and the highest producing ten. The relaktive inten=
sity‘af the partials under optimum conditions for tenal come
pariseon and this prebably explains the slight difference in
quality experienced by the auditer. It is wremg to demcribe
naturel harmonics as flute-like or puf& tecause there is too
little qualitative difference between harmonic and natural
tones to justify any very different classification. Pdaaibly ‘

the lack of pitch vibrato oo natursl harmonics provides a

332‘31%@1122. EEL& Citop ﬁ- 52.



basis for comparison between the flute toue and the natural
harmonic tone. Heasurements of the total intensity of ar-
tificial harmonics has indicated several decibels difference

between them and stopped tones or natural laaziﬁ..:m:m:nida.3“l

®4xrnold M. Small,’The Violin in the Laboratory", Music
Teachers National Associaticm Proceeding of 1938, pp. 9506,




CHAPTER III
THE RESONATOR

The Vibrational Path

“The functions of the violin bridge are to cut aff, &b~
sorb, eaplify, end tnanapit itone vibxations.ml How this is
done is a rather delicate and ar%itrary ﬁrocéss. for, up‘te
this time, there have been found no very different shapes or
patteruﬁ for the bridge than that designed and expleited by
the early Cremonese makers. Attempts have been made to alter
and impreve upon the<standard pattern, but as yet, no funda-
ﬁental changes have been set up. It is probable that as long
a8 the rest of the instrument retains its_generii properties,
the bridge will keep its present outline.

The height of the bridge is a point of individugl ine-
terest for each instrument, for it is the height that deter-
minés what amount of the tension will be axllewed td'phass
the feet of the bridge against the thp af the vielim. This
tension or pressure against the top of the plate has a very
definite effect upon the passage of the vibrations into the

body and the resulting motion of the resanato:~2

lHervert Sanger, *The Violin Bridge;" Etude, LVI (Feb~

3?. A; Ssunders, "Secret of Stradivarius%. Reéprint
from Journal of the Franklin Xnstitute, Vol. CCXXVI,

{(January, 19407, p. 16.
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The bridge is carved of birdfs-eye maple which has been
aged for a number of years.® The grain of the bridge is
such as to provide the fastest communication of vibrations.
One set of fibers ruus longitudinally and supports the stringa
while the other is perpendicular and transmite the vibrations
from the strings to the top. The thickness of the bridge,
especially at the top, has much to de with the resulting
tonal effect. Too thin a.bridge will tend toward a scratchy
type of tone¢4

The bridge vibrates longitudinally (along the string)
producing high and very ebjeetional aaunda. The cut of the
~ upper parts of the bridge is suéh ag to filter out these vie
brations without affecting the feet of the bridge. This is
iuterpreted to mean that there is no direct line of vibration
from the strings to the feet. In notiﬁg the grain structure
of Figure 6, it will be seen that the waist of the bridge is
divorced from any direct communication with the strings for
th& direct route is disrupted in the shoulders. In order fox
the vibrations to reach the feet of the bridge they must pass
through the shoulders into the waiat, where they are fused,
and then on to the hips. From here they are comupnicated

directly on to the feet.® The motion of the right foot of

§K; 8+ Rieder, "Carving a Golden Voice 't Etude, LV¥I1
(September 1939), p. 604. | '
“Sanger, op. cit., p. 124.

5saunders. op. ecit., p- 17.
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the bridge is small while the Ieft foot transmits the most
useful vibrations to the body.®

If a viclin is shrill in timbre (too great & volume in
the very high partials of 50,000 cycles a second and above),
this can be remedied by the process of filing down the shoule
ders of the bridge. This phenomenon coincides with the state~
ment previously made in reference to objectional noises dus

te the longitudinal vibratian.’

SHOULDER

WAIST
Hip

~LEFT FOOT

RIGHT  FOOT

Fig. 6-~The structure of the
violin bridge.

The vibratiens, as are indicated in Figure 6 are cut
off from direct communicatien from the tab ridge to the feet.
The eircuitous route they are forced to travel is obvious.
The paths of the vibrations after leaving the bridge
are very complex and tempered by innumerable circumstances,
some of these being; the positicn of the sound post; the

Pressure of the bridge on the top plate; the gize and strength

®Ine ¥iolin. How to Make It, p. 47.

?S&undexaf op. eit., p. 17.
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of the bass bar; the graduation of the plates; the influence
of the ribs and vlocks: the arch of the p1ates;_fhe position
and size of the f-holes and finally; the molecular structure
of the wood itself. Every instrument is different and every
frequency on one iustrument possesaes different qualities,
80 for this reason it is impossible to chart any final move-
ments for the box's vibrations. General tendencies and con~
ditionming factora have been observed however, and are menw
tioned in this discussioen. ,

Savartfs experiments have thrown some light upen the
paseage of atring vibrations and the resulting position of
the soundpost.

The violir string tends to set up & vibration
perpendicular to its axis in any object placed perw
pendicularly and transversally to it. The bridge
does not, however, set perpendicular to the string
in two planes because the fingerboard causes the
string to meet the bridge at an angle of about
eighty-five degrees, or five degrees less than g
perfect right angle. Therefore, the vibration set
up in the bridge tends to communicate itself to the
violin top most strongly along & line to the rear
of the bridge., Por this reuson the pound pgst is
placed behind the right foet of the bridge.

From this analysis it would seem that the center node
of vibrations in the top plate would be in the regicn sug-
gested by Savart.

The'part Played by the scund post is not that of trange

mitting the vibratiens, but of Propagating their movements

8Lauren Harmafi, "Violin Making In Amerieg:v Etude
LYIIX (Pebruary 1&43}, D. 96. “7 axues,
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in ether’parté of the instrument. A4 liberal generalization
of the statements of Savart indicate that the deflections

of the belly produce in the post a longitudinal movement,
which, reacting upon the movements of the top table, deter=
mine thergin & normal movement rather than an oblique one.
The sound-post seems to hold the right foot of the bridge

in & state of rigidity. The vibrations take form in other
parte of the plates, but are not in evidence st the area.
around the right foot of the bridge. The degree of importance
to e placed upcn the transmission of vibrations from belly
to back is minimized for it seems more evident that the sides
and blocks do this to a greater degree than the sound~post,
for they are in the area of greater vibration than the sound-
post itself.9 Other facters that enter iato sound-post per-
formance are those surrounding the grain of the wood itself.
The number of rings contained -by the scund-post should be
around ten or twelve.la The positien of this grain, in order
to obtain the best type of ﬁesults and also to prevent dis-
asterous working of the wood fibers into oue another, should
bé counter to one another in the sound-post and in the top
and back table. _The bass bar, whieh.gathers_up the vibra=-
tions from the left foot of the bridge, produces a similar

movement over the entire sarface of the top plate and-prevents

“The Violin. How to Make It, pp. 52-53.

loﬁargie Mathews, “How a Violin is Made in Mittenwald;,™
Etude,LVI (March 1938), p. 19.



it from dividing into venira~segments by transversal nodal
lines. A1l the parts of the instruments are thus entered into
vibration.! Anather-function of the bass bar is to compen-
sate for the amount of wood removed from the top table by
forming the f-holes. The pitch of the top can be altered
by adding or taking awéy from the bass bar. Of course the
bass bar also adds to the strength of constructionm of the
top table.'® Since the time of Stradiveri, .the concert pitch
has risen and ilsc the amount of volume needed for the con-
cert hall has expanded. Both of these needs have been taken
care of by altering the size of the bags bar.:d

The graining of the wood in the two platéa has s certain
effect upon the passage of vibrations and for this reasen,
certain rules have been formulated for the relatien of thé
grain structure and the form of the instrument. The vibra-
tions travel fastest in the direction of the lengtn of the
grain, slower scrose grain and slowest up and down grain. In
accor@ance with this, the length of the graln is placed on
the 1ength of the body. The across grain position is from
center to side of the insfrument. The depth of the grain

eorresponds to the depth of ihe instrument.14

1ltne Violin. Hew to Make It, p. 46.
21pid,, p. 32.

¥§ﬁaundaram op. ecit., p. 2.
1auren Harman, op. cit., p. 96.
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In testing various sections of the two plates, it has
been found that the various sections give different tones.
This is attributed to gradustion. Tue various makers have
individualities in this respect and the resulta are notice=
able in variations of volume and guality. The Stradivariug
viclins have tops with the same thickness throughout, with @ .
backs thickest in the center. They are characterized as
brilliant and mellow with fine éarrying_power; Jogeph Guare
nerius made the tops of his violins thickest at the edgea
and thinné;t at the center. This results in great volume but
little flexibility. Nicholas Amati made his tops thickest
in the center and thinnest at the edges. These instruments
are aweet but have little carrying power.l5 Frederick Saun-
ders says that the smoothness of finish on the plates is
important in that the production of low notes depends upon
this factor. Lumps make for the production of high freguen~
cles rather thén low. Thick vielins are shrill and weak in
the low notes.® The effect of the degree of arch oun the
tables is such that purity is attained as fhe tables are f{lat-
tened, but the sound Will loge ite brilliancy.l?

The f-holes serve a double purpose. They act &s an

agent of pitch determination for the air chamber, and also

81vid., p. 95.
1ﬁﬁersanal letter from Dr. Frederick A. Samnders, Pro=-
fessor of Physics, Harvard University, April 4, 1941.

Yohe Violin. How to Make It. pp. 49-50.
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act as an agent for more advantageously forming the shape
of the top plate. The central ares, running the full length
of the tep plate and corresponding to the grain position, is
set in vibration by the combined action of the strings, bridge,
sound-post, and bass bar. These natural vibrations are facili-
tated by cutting f-holes so‘that edges not under the strings,
bridge, or tail-piece are free to vibrate. The more the f-
holes slant or diverge from the general direction taken by the
fibres, the greater should be the loudness of tone. This is a
characteristic of the Guanerius model..l8 It is supposed.
that the short fibres pick out and vibrate the high tones
&nd the long fibres do the same for the low tenes;lg In fure
ther reference to the vibrational patterns of this type, simis
lar to those found in the top and back plate of the violin
and usually studied in an apparatus known as a Chaldniplate,
Saunders has this to say.
Such patterns resemble those into which the

top of the violin divides when a tene is produced

which resonates with one of the natural vibrations

of the plate. Thus a single plate may regonate to

as many tones as the number of possible patterns

into which it can break.

Its vibration will be affected by the soundi-

post Jjust behind the right foot of the bridge,

which connects the top plate with the back. Then

the plates are bound all around their edges by

being glued to the sides of the vielin, the bass
bar already mentioned introduces a complicating

18Harmanm op. ¢it., p. 96.

lgxatheryn Rieder, *Carving a Gold in Voices' Btude,
LVIIiz (September/19591.

E
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lack of symmetry, and finally there are the two

f-holes cut in peculiar fashion which further aid

in destroying the simplicity of the structure snd

therefore of its possible vibrations. 411 but one

of the main peaks on the response curve may be ex-

plaingd as due to resonance in the body of the vio-

lin.®

These discussiens illustrate the graat difficulty of

adequately tracing the vibrational paths in the violin. There
are several of the finest physicists in this country and
abroad at the present time working on this very problem. If
théy are able to discover and comtrol the correct balance
and disposition of these vibrations, there is no 1limit to the
posaibilities of improvements in the structure and repro-

ductions of fine violins and other stringed inetruments.

Resanance

The response curves of resomance indicate that the vari-
ous peaks common to all violias and those of an individusl
nature are due to two factors. The first is that peak fixed
by the internal volume of air and the position and sige of the
f-holea. The second is due to the natural vibrations of the
vedy, espeéially the top or belly of the violin.o* The total
regponse of the violin at a given freguency is the sum of the
responses of each vibrating part at that frequency. s

The volume of air has a very definite effect upon the

“1pid., p. 10.

%2small, ep. cit., p. 99.
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total resonance of the instrument. The fundamental resonance
corresponds to the pitch of the body'of alir enclosed between
the two plates and ribs. This pitch, the same as is usuaily
found in the violing of Stradivari, is near 512 double vi-
brations or 256 single vibrations. This frequency is better
known as “do% flat or middle C of the Stradivari perioed.2>
This resonance associated with the internal bedy of air has
the characteristic of dying away more slowly than any resgo-
Nance provided by thé body itself.24

Saﬁnders haé $his to say on the resonance of the instru~
ment.

The similar peak common to all mear the open
D is obvious. Its position is fixed by the inter-
nal volume and the area of the two f-holes CO M~
bined. It lies in a region in which the response
0of the violin would otherwige be weak, and its
beneficial strengthening effect is felt over three
semi-tones each way. The other reaks represent
natural vibrationse of the body. We know this be~
cause the addition of a load (mute) to the bridge
lowers the pitch of these Peaks in accordance with
the general rule that heavy bodies vibrate slowly.
Vibrations of the air inside the body are unaffected
by loads on the bridge, so that these do not shift
the peak near the open ¢. Each body peak corres
sponds to a different mode of subdivision of the
vibrating plates. Probably the top plate is mors
important than the back, eggecially for the higher
tones given by the violin.

The two plates of the violin respond best at certain fre-

quencies, the exact pitch of which varies slightly with various

243. B. Watson, W. J. Cunningham and ¥. 4. Baunders,
"Improved Techniques in the Study of Violinss® Reprinted from
The Journsl of the Acoustical Soclety of America, Vol. XII,
(January 1941). "

zssaunders,Jgg. eit., p. 1l0.
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makers. 4lso, the pitech of the glatea, when unasaembled and
when subjected to stress applied at the neck amd riﬁs, differ
8lightly. This loungitudinal stress at the neck Jaint‘has the
tendency to produce clarity of tone in the plates waich is
not there when they are unassembied. Various parts of the
Plates give different frequencies, probably because of gradua~
tion.®% This prdvidea for resonation ofﬁthe various pitehes.
Savarts indicates that the general ﬁitch of the two

plates should differ from 4 to 1 tone in pitch. Violins with
complete compliance are weak and if the plates differ enough,
the beats are aunoying. The pitech for the belly generally

is around do-sharp (a)and‘re(5§ and for the back, between

3] and re-sharp ‘Ség@

re(
Oune method of approach in studying and imitating the

0ld masters is by changing a trifle the proportions of ex-

perimental violinas, taking off & bit of wood here or leaving

& bit there. This sllows the workman to imitate the response

patterns of the old instrumegts guccessfully.a& This method

of building violins verifies the previous aasértian‘that

the graduation of the plates provides equal (in a degree)

resonance of all the steps of the scale. Heimﬁnltzwfoundw

in his anmalysis of some of the better instruments, that this

very equality of response all up and down the instrument was

20harman, op. cit., p. 95.
Q?The_?ialin. How to Make It, p. 42.

~ @Bgecrets of the Master Violin Makersi® Popular Mechanics,
IXX' (May 1938}, p- 370. LA —— ‘
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one of the main factors in determining supsriority of one
instrument aver‘anmtner‘zg A1l of these things point to the
fact that resonance is, within certain limits, a controllable
factor, and as Jobn Redfield sa¥s, "the problem of improving
the structure of the violin is esseﬁtially oune for the ecivil
engineer, not for the musician.“soﬁa & last consideration,
the problem of wolf tones is bréught up. One of the most
popular explanations and one that seems very likely is pro-
vided by €. V. Raman.

The pitch of the wolf is that of a natural
freguency of the ingtrument. If that note isg
Played, the amplitude of vibration of the belly
increases, and as it increases it takes energy
from the string more and more rapidly. W¥When
the amplitude is small,the pressure of the bow
is sufficient to maintain the usual vibrations
of the string. With increase in amplitude,a
point is reached at which the belly takes en-
ergy from the string faster than the bow can
supply it without an increase in bow pressure.
Gonsequently, the type of vibration of the
string changes: The string jumps to the cctave
for maintainance of which the bowing pressure
is sufficient. The natursl frequencies of the
belly are not harmonic, and the octave of the
string is not & natural piteh of the belly so
the vibration of the belly dies rapidly and the
draiu of energy from the string decreases. UWhen
the loss of energy has fallen to a point at
which the bow can maintain the usual type of
vibration, with the fundamental promineat, the
string again takes up that type. Thus, the
prominant pitch of the string iglalternately
the fundamental and the octave.

zgﬂelmholta, op. 6it;, r. 85.

SCJahn Redfield, Music, a Science and an Art, pp.223-224,
Slianes* op. eit., p. 296.
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1t is this alternatign of frequency, according to Raman, -
that gzives the wolf tone its unpleasant effect.

Resonance, then, would seem to be dependent upon the
degree which the body absorbs and enlarges upon the energy
of the string, too much or too little being both undesirable.
De C. Miller puts the transfer of energy in this manner.

The loudness and duration of sound from an

iastrument are dependent upon the damping or abe-

sorption of the vibration in the instrument and

its surroundings. The eénergy of the waves which

travel outward from a sounding kody is derived

from the vibratien of the body; usually not all

of the energy of vibration is transferred, sowe

being absorbed and transferred into heak through

friction and vigcosity of the body.32

The complexity of the problem of determining and measupe
ing all the factors in#olved in the mechanism of the resonator
is stagsering and will require a great deal of research and
study by men of science, if they are ever teo be truly con~
trolled. It is difficult to adequately organize those facts
that are known for a great many of them are incompliete and
based on variable conditions. The field that has recieved
the most concentrated attention up to this time seems to be

that of the tonal quality of ingtruments. It is obvious
that wntil a definite desirable quality is decided upon,
little progress can be made in attempting to produce instrue
ments to resonate this quality. There is much said and_writ-

ten of activity in this field of investigation at preseat.

%iller. _9-20 E_j_-_io; P 179.



CHAPTER IV
QUALITY

The physicist, in determining the quality of an instrue
ment, is interested in the balance of strength ef the €uanda-~
mental and overtones of &1l the tones possible on the violim
from the lowest freguency, up four and one~half octaves.!
The 3trength§ of the tone as a whole are averaged into g
eurve known as the respouse eurve'and from this curve is
drawn information regarding the note-to-note quality of a
violin and where and why it is or is not good‘a

Violins are generally characterized as possessing one
of two types of quality. Thé violin with orchestral possie
bilities has its strength ceantered in the higher partials of
the tone, giving a certain shrillmess, and bright quality to
the tone. The ear is very senaitive to these hizher partials
and for this reason, a violin possessing an excess of them

Will have superior carrying qualitiea.3 The better quality
of instrument which is & favorite in the concert hall, net

only resonates & fair balance of high partials, but also brings

1P, &. Saunders, Studies of the Instruments of the Curtis

String Quartet, p. 2
21bid‘3 P. g&

3F. &. Seunders, "Searet of Stradivariuai% Reprint from
Jourunal of the Franklin lnsgtitute, Vol. CCXXVI {January, 1940}

36



~out the low partials with a great deal of ease. These lower
partials round out the tone, giving a mellowness combined with
strength. This has been deascribed by D. C. Miller as the
“ideal tane*.4 |

Killer characterizes the tones below middle C as weak
in the fundamental and strong in ﬁheixﬁg@pe:rp&r&ialé.ﬁ‘Thiﬁ
is because the teués below the fundamental resonance of the
instrument are &oo low for the body size to resonate properly
while the upper partials are within the range of body size.
This peculiar balance gives that special tone quality te the
tones of the G stringwa' Above this fundamentai'resonanee,
the tones of the three lower stringalare characterized by
strong partials up to the fifth. The tones gn the B string
have a strong third partial. In general, according to Miller,
¥the tone of the violin isucharacterized by the prominence of
the third, fourth, and fifth partiale.®’

Quickness of response of an instrument te trick bowing
or fast light passages is a very desirable feature found only
in the best instruments. This, along ﬁith the general tonal
quality of goeod inetruments, is thought to be a,direct re-

sult of the degree of quickneas.‘reckened in 1/1000 of a

45ma1l, op. cit., p. 92.
SMiller, op. cit., p. 197.
63ma1l, op. cit., p. 92.
"iller, op. git., pp. 197-198.
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second that the vibrating parts of the body respond to the
atrings.8 This quickness of responge is thought by Saunders
te possibly be the result of years of vibration breaking down
some of the wood cells in the top plate or Perhaps the evapo~-
ration of some of the constituents of the woad.g

Inferior instruments, both old and new, are also charac-
terized by the degree of rapidity with which the tones fade
avay or *decay®. An observation by Saunders on the results
of some of his'ex@erimsnts is that, "the decay constants ob~
tained se far indicate that tones produced by inferior violins
new or old die away more rapidly than those of better quality
instruments.#i0 |

The effect of varpish upen tone quality of the violin
has been tested extensively by Meinel in Beriin. The only
resull that affected the response curve was that of leveling
off eome of the higher peaks and in general, evening it up.
Hg%ael‘@ttributed b0 the idea of varnish increasing the vig~
cosity, or inner friction of the wood so as to make it vibrafe
less freely in its natural modes. Thisg change was-however;

very slight and carries little significanee.ll

. 4. Sanndere, Science News Series, XXCVIII (November
1938}, sup. 10. o

®Ibid.
leﬁhtson. Cununingham and Saunder, op. cit., p. 19.

llﬁaundara. "Secret of Stradivari®, op. eit., p. 19.



CHAPTER V¥
THE IEGATO STROKE

The various schools of vioelin playing and instruction
have evolved primérily through a hit and miss process that
hes set up for each group a definite collection of "musts®
that distianguishes the techuic'qf one from another. Since
all groups perform upon the same instrument, they are all
subject to the same limits set up by the physics of the in=
strument involved. The object of the first three chapters
of this study was to collect and organize as many of the es-
tablished facta concerning the physics of the violin as are
avallable. The proposed object of the remaining chapters
is to build a set of rules for performance upon the violin,
not by collecting and selecting from the various empirical
schools, but through evolution and logic from the facts at
hand. The resultg cun, for the most part, be verified through
statements from the works of some of the leading authors in
- this field.

All) of the various bow strokes must take iﬁto censidera-~
tion the limitations of both of the elements making up the
generator. These two elements, the physics of which have
been discuaséd, aré the bow and the string. These limita~-
tions have a defining influence upon the degree of Buccess

¢xperienced by the performer in his attempts to accomplish

59
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them, and if they are not followed, the vielinist will fail
in his endeavor té secure adequate tone.

There is actually but one basic bow stroke that hge
been found practical upan‘the violin. Variations in treat-
ment, with reference to preséure, epeed, angle of gpproach,
length, and amount of hair touching the string or strings
of this movemeunt, has led to g great variety of names being
applied to the more common of these. The legato stroke will
be analyzed as the basic stroke and the variations upon it
will be_discusaed in Chapter VI under the headings of detachs,
ﬁarteie, staccato, bouncing boﬁ and col legno.

The hairs of the bow are ringed by the projecting edges
of the scales that form its cover. The combined effect of
the scales is at a maximum when they are drgwn at right angles
acrogs the string. If the hairs are unot drawn.ai a ninety-
degree angle with thé string, the hairs will atfempt o age
sume this angle due to the unbaglanced load placed upon the
variouse sections of the hair surface. There is also & cere
tain amount of bow noime present when the bow ig placed in
motion acress a string. This noise is @t & minimum when the
giring is properly approached, but assumes a more prominent
role when there is too great a mumber of scales sliding over,
rather than catching the string. The further the angle Qf
approach of the bew to the string varies from ninety degrees,
the moxé noise and less tone is produced. In perfarm@nce.

then, it would be most desirsble to assume ihis relative
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position of hair and string. The most common way of deg-
cribing this condition is through terming the bow and bridge
as parallelwl‘ This sets up an imsginary plane in which the
bow stroke must always be described if this maximum of tone
is the intent of the performer.

The secand ceasiﬁeration is the plane in which each
string ie required to be vowed. This plane is determined
by the pasition of the string in relation to the other strings
and the bouts of the instrument. This plane is very exace
ting, for if the bow wanders out of it, the result will be
the sounding of another string or the touching of the instru~
ment proper.

In Chapter II it was indicated that the point of cenw-
tact of the bew and string has much to do with the resulting
tone quality which the string generates.® If the bow is ap=-
plied at the center of the string, halfway'between the bridge
and the nut, the only partisl that will be produced in the
fundament&l. The further the bow moves from the center tg-
ward the end of the string, the greater the number of par-
tizle that are produced“,-3 There is.& point very close to
the bridge where the fundamentsl is no longer prominent and

the resulting quality is termed penti-cellov4 The violinist

lcaxl Flesch, The Art of Violin Playing, Vol. I, p. 57.

“small, gp. cit., p. 110.

$Helmhelta.._2- cit., p. 52.

*Ibig., p. ss.
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mugt determine in his mind what quality he desires 1o pro-
duce and then locate that spot on the string that will gen-
erate the balaunce of partials that most nearly meet the rew
quirements.

There are then, two imaginary planes that t he pexrfor-
mer must observe. These two planes (Figure 7) will crossg
each other at whatever point of contact that the operator
desires to utilize. Where the two planes cross, 2 line is
cregted that indicates the path that the hairs of the bows
must supcrimpose in order to cemply with the requirements
which created the plénea. This imaginary line can be called
the single-note bow-path for future reference.

\\& |
A
\ N \
N\ AN N\
‘\

A=-~plane of gtring C~=point of contact
Besplane of bow D~=bow stroke

Fig. 7«»Two imeginary planes
the violin performer must observe.

The problem of executing this single note bow path is
the question that formed the basis for differeuces heiween
the vaerious achoels of violinists. The obvious influence of

individual differences in bodily structure, together with the
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styles of the schocls has provided a_gxeat_quantity of cons=
flicting material on the subject. Such artistic and physical
differences must e taken into comsideration when evaluating
any description of the actual performance of this stroke.
Control over all the various factors in bowing is for
what every system has striven. The effect this contrel, or
lack of it, has upon tone quality is summed wp by D. C. MilTer.
The usual variations in bowing disturb the regue
larity of the vibratiens, and produce a continue
ally changing wave form.... .
This particular shape depends upon the critie
cal relation between pressure, grip, and the speed

of the how, and upan the place of bowing and the
pitch of tonee...

The tone quality, as well as the wave form,

remains constant se long as the bowing is constant

in pressure, speed, and direction. The direction

of bowing may be skillfully reversed without chang-

ing the tome quality.5 |

The logical approach to this problem is to find that
manipulation which provides the least chance of producing
variation in the wave form of the string and also allows the
greatest degree of countrol over line of travel and pressure.
This manipulation will require the greatest amount of effi=
ciency from every part of the right arm and hand.®

in violin playing the most useful part of the right hand
is the'fingers? Not one part of them can be gaid to be more

useful than another, for the primary action of gripping the

S Miller, op. c¢it., pp. 195-196.
6

E. E. Cramer, The Basis of Artistry in Violin Playing,
P. 1L

7 .
Flesch, op. cit., p. Bl.
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bow requires the full use of every part af the finger. The
natural position of the fingera for grasping the bow can be
observed if the hatid is allowed to hang at the side in com=
plete relaxation. The fingers will be observed to he glightly
arched. They are, in this pesition, capable of exerting force,
either by straightening or gripping. The knuckles are glmost
flat with the back of the hand. The wrist is not beut, but.
it is flat. AlL of the musclee are in "meutrsl", ¢apable
of exerting the maximum of power in any pessible directign.
This must be, then, the position of maximum efficiency for
the entire arm and hand. It is logical that this is the o~
gition to be utilized in ménipulating the bow, as far as it
is possible to mold it to the physical features of the bow.
The position of the elbow during the bow stroke should
be in the same plane as that of the string. This allows the
bow to freely cress to either of the adjacent strings with
equal facility.& The rasi of the amm should remain the game
as the natural position described in the previocus paragrapghw
with the exception of the thumb, which should be placed di-
rectly under the second and third fingers in order te better
balance the influence of the index and little fingers. Also,
the little finger will be raised slightly higher than the
others in erder 1o rest upon its tip.

The grip of the fingers upon the bow must necessarily be

Bcramer, _92} Gf;t-, p- 140
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such as to allow the addition and release of pressure, move-
ment of the bow either im or ageinst the directiom of travel,
and the adjustment of the number of hairs in contact with the
string.

The additien and release of pressure is accomplished
through sdjustments in the position of the index and little
fingers in relatign to the rest ¢f the hand. In the.addi~
tion of pressure of the bow to the string, the index finger
recieves and augments the weight of the entire forearm. This
weight is applied through a semi-rotary motien of the forew
arm from the elbow. In the counterbalancéng of this ﬁres—-
sure, the little fi ngér has only to press downward while the
rest of the hand remains in the éam'e pasitidn.g This process
leaves fingers number two and three, and the thumb, which is
directly below them, in a role of the fulcrum in a lever.

The stick itself is in the position of a lever, the index fin~
ger exerting pressure upon one end and the 1ittle finger
counterbalancing this weight at the other end.

The movement of the bow v}ith or sggainst the direction of
fravel of the forearm can be accomplished by straightening
or inereasing the cmature‘ of the various fingers of the
right hand. If the movement is to be downbow, the little
finger and thé two middle fingers straighten downward while

the index finger increases its curvature. If the movement

g'fle&ch.,? op. Gitt-m P B3.
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is upbow, the index finger and the two center fingers
straighten upward while the little finger incresses its
curvature. The chief thrust in either of the two cases is
provided by the combined action of fingers number two and
three and the thumb.

For adjustments in the ambunt of hair touching the
stringa, an inerease hooking of the fingers as & whole de-
creases the number touching, while a flattened position of
the hair.upan the strings requires a slightly more "neutral®
position of the fingers. The stick, in the former process,
tends to move further away from the bridge than the hair.

In drawing the bow, the considerations that must be obe
served are the change of direction of travel and & minimum
of excess motion anywhere in the right arm and hand. The
reversal of direction of travel of the bow involves the situa-
tion of completely stepping, and then beginning anew in the
opposite directiom, the vibration forms of the string.

Miller gives a graphic illustration of this reversal

in his book, The Science of Musical Snundg,IOFigure 8 in

Fig. 8--The reversal of direc-~
tion of travel of the bow.

1Gm11&r, op- Citfl P 19?&
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this work shows a copy of his illustration. The quotation
of his reproducédi on page 43 of this work, mékes ¢clear the
delicacy of this meneuver, the success of which depends upon
an undisturbed wave form. In order to accomplish this, all
unneceasary.mevemeats and pressure must be eliminated. &
complete stop and immediate simple start in the opposite
direction eompletes the reversal of directian easily and

the continued resonance of the ingtrument covers up the short
stoppage in the vibrations. If ne percussive uoise of any
type is present, the change of bow from the anditory astand-
point, ean be made unobservable.

The simple process of changing the direction of the bow
stroke and at the same time, using a minimum of arm movement,
requires that the bow, from the middle to point, be pushed
down by the process previcously mentioned. The bow is simply
stopped, a reversal of direction of travel éffected by the
arm, and the bow pulled back to the middle with no attack
evident at the painﬁ of bow change. On the up-stroke, from
middle to peint, the same process is experienced. The bow"
is pushed to the frog, stopped, pulled dewn agein and thus,
an entire legato stroke can be deseribed. From middle to
frog, it is pushed up, stopped and pulled back again. From
middle to tip, it is pushed down, stopped and pulled ha@k.ll
In all this stroke, there is no exaggeration of movement of

the wrist or the forearm. The upper arm and elbow move only

llpranz Eneisel, Principles of Bowing and Purasing, p. 13.
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enough to satisfy the requirements of keeping the bow
parallel to the bridge., This process remains the same

for the 1ogata stroke regerdless of speed or pressura.



CHAPTER VT
VARIATIONS IN BOWING

All bow strokes are executed by the same fundame ntal
brocess as evelved in Chapter V. Variation in treatment
of pressure, speed, angle of apprdach, length, duration and
amount of hair touching has led to the formation of six big
divisions of bowing. There are numerous variations upon -
these large divisions themselves, each schoel of vielinists
advocating their favorite style. The basic foundation for
the five remaining divis#ﬂns will be discussed and no at=-
tempt will be made to enlarge upon variatigns according to
schools.,

_Detéche

The detache is the legato stroke confined to one bow
lengthﬁ ¥hen two or more notes in succession are played de-
tache, each note is articulated at the change of bow. This
does not infer that there is an accent at the reversal of
directiog, but does imply a slight pause. This Pause must
be there, régardless of how small or long it may be, for if
it is net present, the stroke will be immediately classified

as 1egatoal

1Flesch,.~g, cit., p. 66.
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The detache can be executed at any point upon the bow.
It ean be described upon the full length or upon as small a
8pace as the hair of the bow will support. Those strokes
emaller than the full length can be drawn in the general
areas of the peint, middle or frog. _Differendes of character
of the detache stroke in the several areas is depenﬁentiupon
weight distribution in the right arm and point of contact
between the bow and string.

At the frog, the weight of the whole arm plays the most
important part in forming the character of the stque. The
ability of the performer is here dependent upon the degree
control he has over the finger actien in the bow stroke.

Due to the awkward position of the arm at thig point, its
Whole weight beinz collected directly above and behind the
bowW, the frog stroke is generally termed rough and heaVyya
Great power is the rule, and as a'result. this is the faver-
ite positien for the performance of legato chord paaaages.s_

The stroke at the middle is the mﬂst.cémmonly used of
the detache strokes,4 for it carries enough weight from the
arm and hand to posgess power and lies in the most easily
maneuvered portion of the bow.

The detache at the tip is algo a very common stroke.

®Ibid., p. 66.
SIbvid. p. 64.
4Ibidn, P 67.
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Here, more pressure from the hand and index finger is re=-
quired in order to provide any pewen.s The very fact that
this stroke requires the indiseriminate use of strength hasg
mede 1t very populsr with ¥ielinists who are not so clever
with weight distribution.

Difference of color in the tone is produced by the pqint
of contact of bow and gtring. These are the sgme as-found
in the legato stroke. 4 common way of causing the tendency
of the tone to be weak when produced toward the middle of
the string, is by edging the bow tcwardﬂthe center of the
string when & phrase is being ended. This process is aften
described as the Ycresent®™ gtroke because of its appearance.
The forearm and upper arm'perform.a.crescent movement in the
accoumplishment of this effeet. It wovides a sure way of
ietting the tone die out evenly. This bowing is valuable ta
the performer who has little control over relief of pressure

at the end of & natural detache.e

Martele |
The martele vears all the characteristics of the detache
with the exception of a very definite accent present at the
beginning of each new martele stroke.? This acgent,_from the

physiological standpoint, has the characteristic of raiging

SPaul Stoeving, The Art of ¥iolin Bowing, p. 37.

scx‘&mer, mo eito’ PF‘ 19=20.
7steeving, op- cit., p. 73.
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the intensity of the tone from three to five decibels over
the sub~speaking values. There is an immediate return to
former values experienced.& After this accent, the bow is
carried the desired length and the stroke is ended with au
abrupt stop. Most generally, the martele is performed from
the center to the tip area of the bow.g

The accent present at the beginning of each stroke is
initiated by the addition and immediate release of pressure
upon the stick with the index fiuger. If a great deal af_.
power is needed here, the forearm and sometimes the entire
arm is added to the weight. Stiffness of the wrist and a
general state of tension can be observed over the entire arm
when this is the case. The bow hair should be flat upen the
string in order to utilize the entire force of the bow at the
time of the attack. When the stroke is produced at trne frog.
the bow has its greatest power and is especially valuable for
the production of two and three note unbroken chords. Speed
and smoothness of manipulation is e¢videnced from the center

to the tip area. This is the region that sees the most ser-

Viceoslo

Stacecato
There are two types of staccate used generally by vio-

linists. One is termed controlled and the other uncontrolled.

Ssmall, op. eit., p. 105.
gﬁtoeving, ep. cit., p. 73.

l%&wmr,_g-gﬁp.p-zz.
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Literally, both are controlled but the former allows it in a
greater degree than the latter.

Staccato is nothing more than a series of very short
martele strokes performed in one direction of travel upen
the bow.ll Very often, a great speed iz required in pern
forming staccato passages. When this is true, the uncon-
trolled staccato is utilized. On slower passages either
type can be nsed, either depending upon the command the per -
former has over it.

The controlled staccato is executed most essily on the
upéatrake.la The same procedure as was described for the
martele is used here with the exception that it is performed
in one direction. The downestroke controlled staccate.folloWs
the same procedure.

The uncontrolled stacecato is also best done on the up~
stroke. A great variety of methods have arisen for the pers=
formance of this stroke. A1l methods have in common, the
explanation of the tremor produced by one muscle pulling
against another. This tremor, which is generally very fast,
can be made to supplant the slower more labored finger and
hand action necessary for the controlled staccato. This
tremor can be controlled by practicing it in doublets and

triplets.13 On the up-stroke, a high elbow should be

Hstoeving, op. cit., p. 90.

121pid., p. 9.

lsﬁ.'lesch,‘ op. cit., p. 72.
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ngintained. Un the down stroke, a low elbow is used. The
gtick is turned toward the operator on the down-#troke and
away from him on the u.p-stroke.l4 The up~bow staccato is
done near the tip of the bow and the down-stroke slightly

more in the center of the bow.15

Bouncing Bow

The bouncing bow can be divided inte two divisions. The
first, calied spiceato, allows the stick to jump, the hair
remalning upon the string. The remaining type of bouncing
bow allows both hair and stick to jump away from the string.

The first of these is called the controlled spiccato,
and 1s most easily dene when the point of contact is close to
the balance point of the bow. Here, it is presumed, the
smoothest siroke will be accomplished because the stick will
Jump evenly.lﬁ‘ In order to start the stick jumping, a very
fast and short martele must be performed near the ha&ancé
polnt. The bow is precsed down for the attack and then sud~
denly released. 7The recurrence of this process_produces the
phenomenon of the bouncing bow. The guicker the stroke is
performed, the more the point of contact travels toward the

tip.17

1£Gramer, op. g&&,, pe 22.
l?Fleach, op. ¢it., p. 72.
Seramer, ep. ¢it., p. 21.
171bid., p. 21.
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Finding the exact point of contact for each speed is
a matter of experimentation, for each bow has a different
point of balance ani individual resilieney. The.ekaet reasgn
for the movement of the point of contact toward the tip, in
relation to slower to faster speeds of spiccato, is not quite
clear. It is suggested that the bow is much lighter in its
upper portiouns and therefore responds more readily te the
more rapid bouncing movement.of the spiccato type.

Bouncing bow stirokes, in which both the stick and the
halr jump, c¢an be either controlled or uncontrolled. The
controlled type can be performed at any point on the bew,
usually being done at the tip. The effect is percussive, for
the bow is scarcely drawn; but it strikes the string sharply
and disturbs the wave forms cousiderably. The rebound of the
stick pulls both the stick aud hair away from the string .28
The uncontrolled or semi-controlled type of bouncing bow is
merely a series of bounc¢es along the bow, the first of which
is begun by striking the string smartly with the bow and the
centinuing to apply pressure for as many bounces as is de-
gired. This stroke requires exceptional coordination of

the ear, and the left and right hands.

Col Legna
The wood of the stick is sometimes used to get the gen=-

erator in motion. The stick itself is very smooth and offers

18plesch, op. ¢it., p. 73.
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therefore, very little uneven surface to the string. The
effect is obtained by merely striking the string wi th the
stick.lg The first diaturbed wave form Produces a noise,
but then the string settles down into g brief period of nor-
mal vibration, giving tonality to the sound.

This stroke is not very practical because of the diffi-
cultyof playing stopped atringa in the higher positions.
The string being agitated, when presséd down by fingers in
the higher positions, has a plane of'performance which is
very close to those of adjacent strings. When the gtick of
the bow strikes, the string gives way slightly to its force
and its plane of performance crogses that of the other strings._
The result is‘that several strings are sounded instead of

just one.

Pizzicate

Although this method of tone production is not asso- |
ciated with the bow, it is generally produced with the in-
dex finger of the right hand, and for this reason it is in-
cluded in this chapter.

The point of contact between the finger and the string
is subject to the same laws as is the bow string.“® There=
fore, the most fruitful point of contact should be the same
&s is used by the bow. Due te the presence of resin upon

the strings and the chance of the transfer of oils from

19
Bugene Gruenberg, Violin Teaching and Viglin Study,
Pl)m 100""1010 . . .

“Osmall, op. cit., p. 161.
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the fingers to the how by way of the strings, thie point of
contact is impractical. The obvious area to pluck the string
is then, that grea directly over the end of the fingerboard.
If the finger approaches too close to the bridge, instead
of ponti-cello, & tone color rese@bling that associated with
the banjo ie produced. If the ceanter of the string is ap~-
Proached, a dull quality is in evidence. For the pizzicato
of single strings, the thumb should be placed on the corner
of the fingerboard and the positions of the strings esfi4
mated by the first finger from this position. ¥or broken chords
this same position should be used. For simultaneousiy sound-
ing notes, application of the firast fiager should occur more
in the center of the string to avoid too great an articula-
tion of sound. A brushing motion of the tip of the first
finger will produce a sound without too much of the initial
attack present‘gl

left hand pizzicato is self defining, for thne left hand
both determines the frequency and initiates the vibration.
The tone quality approximates that which is obtained from
plucking the string very close to the bridge. Since the fin-
ger action used ia left hand pizzicato is that of picking
the fingere from the string rather than placing them upen it,
the only practical movement of intervals is dowaward. Any
upward piszicato invelves the double action of placing the
finger, determining the frequency, and placing and removing

the finger initiatinz the vibration.

glGruenberg, op. cit., p. 54.



CHAFTER VII

BOW PASSAGE T0 ADJACENT
OR REMCTE STRINGS
The manipulation of the bow in its passaze from one
string te either of the strings closest to it is tempered
entirely by the iatent of t he phrase being performed. If
the phrase demands an unbroken dynamie line, great care nust
be taken in the change of strings. If the phrase requires &
definite articulation, either througﬁ the use of the nmartele
or the detache, the change of string can be attempted with
slightly more abandon. The first comsideration is by far
the most important of the two, for unobservable string croass-
ings, with allowances for change in string quality, are at
once, the sure mark of the proficient violinist and the |
gtumbling bleck of the amateur. 4 long phrase line, possess-
ing a range crossing several striugs, demands that the begin~
ning wave form of the string being approached be as well
formed as the wave form of the string being abandoned. If
any jerk is in evidence during the brocess, the wave form of
the string being approached will be highly disturbed and an
accent similar in character to that of the martele will be
produced. This, of course, will disrupt the formation of
the dynamic'line of the phrase. As the majority of the in~

fluence of the bow upon the strings is directly tmaceanle
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to motions of the right hand, wrist and arm, it is here that
the violinist must look in order to analyze the problem.

The amrve, in art, has long been the symbol of smooth-
uess and tranquility. The angle represents the opposite of
this and can be described as abrupt and dissonant. An aceent,
which is formed by a sudden attack upon the string, will be
produced if the bow, in leaving the first string, approaches
the second too suddenly. This abrupt transfer of the bow
arm and hand from the plané of one étring to the ﬁlane of the
otrer, produces two angles in the figure described by the
Jéight nand. The first angle is formed upen leaving the first
plane and the second angle is formed on joining the second
plane: The obvious solution to this problem is the anticie
pation of the string crossing the performer and the executien
of a curve of approach. When the second string is to be set
into vibration, the bow is already praciically-touching the
string. Thus, in making any simple string crossing, the fig-
ure described by the right hand will always be that of &
curve or an arcgl

In crossing to remote strings, the problem is to cross
the intervening string or strings without setting them in
motion. The only solution to this, if the bow is to remain
on the'dtiinga,_is t? make a complete stop while the bow

touching the string that is not te sound, and then resume the

lFlesch, op. cit., p. 62.
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stroke when the desired string is reached. This is true
whetner the direction of travel is to be reversed or continued.
It also applies to all divisions of bowing.

All figures or phrases, regardless of reversal of di-
rection, string erossings, place or speed of bowing, describe
some certain path in the air with the right hand. This path
can he isolated and snalyzed infto s series of circles, curves,
lines, er.anglea. There is one bow path that the right hand
must assume 1ln order to correctly execute any certain passage.
When the violinist has determined for nimself what path the
right hand should follow in order to properly perform the
string crossings and bow changes required by the pe.ssage, the
right-hand preblem is in a large measure solved. Slow,cares
ful practice of the bow path insures adequate performance,

from the howing standpoint, of any difficult passage.z

acr&m%’.r, i' E-_i}’i, pP‘- 15”16’ 34“’41‘



CHAPTER VIII
THE SUFPORT OF THE VIQLIN

The force that has the greatest influence upon the ﬁa—
sition of the violin, other than the bodily structure itself,
is the law of gravity. This law determines the relative po-
sition of the plane of the strings and the floor. (The plane
of the strings as a whole is the plane that represents the
average of all the string planes. Both the D and ﬁ.stringsy
lie entirely within this plane while the G and E lie beneath
it.)

The bridge to nut dimension of the plane should be par-
allel to the floor. If the strings are not in this position,
the bow will be pulled by gravity to that area,of'th& string
that is closest to the plane of the floor. If the scroll is
bointed toward the floor, the bow will be pulled toward the

finger heard.l

If the scroll is held too high, the bow wiil
be pulled toward the bridge. This last consideration is
advocated by many teachers because of the difficulty in
teaching students to play close enough to the bridge. It
seems most practical for the violinist to assume ei ther of
the last two positions, for the further the pdint of contact

of the bow and strings wander from the ares of the bridge,

lpaul Stoeving, What Vielinists Ought to Know., p. 7.
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the leas the qualitative possibilities of the resonator are
explolted.

The dimension of the plane of the strings which paral-
lels the length of the bow is the next consideration. At
first thought, it would seem advisable to also allow this
dimension to be parallel to the floor. However, this po-
sition is not practical. If there was but one string to be
performed upon, then a paréllel position between the plane
of the gtring and the plane of the floor would utilize the
full force of the pull of gr&vi%yf Since there are four
striags, all of which canuot conform to this condition at
the same time, thia position-is impossible. It is obvious
that the bow arm is normally at the right of the violin proper.
Generally speaking, the height of the right hand during per-
formance never exceeds that of the instrument.® Tuis is also
true when the Ieft arm manipulates the bow. If the bow arm
did exceed the instrument in height, the entire weight of
the arm would be above the bow and wo uld have the effect of
making the tip to frog passagze heavier in character than
that of the frog to tip movement. This complication then
would involve the use of vastly different technical eguipwent
when bowing upon the lower strings than is generally used
upoi ths_higher. Thus, ?t is suggested that the plane of

the & string be allowed to assume a position parallel to the

Iptd., p. 10.
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floor. The plane of the strings as a whole will be auto~
matically determined. The bow, when applied to tie E string
under the conditions suggested, will be the least affected

by gravity. However, gravity will still have a very definite
pull upon the bow. Since this entire comdition is more prac-
tical than that of a tipped G string plane, the performer
generally chooses the lesser of two evils.

It is suggested then, that in order te find the relative
position of the violin to the floor, the violinist should
-discover the plane of the ¢ string and Place it parallel to
the floor. One way of determining the relative pesition of
the violin to this plane is by placing the bow on a string
without touching an adjacent string or the bout and in a
plane parallel to the floor. The plane of the body of the
vielin proper will then vary about thirty degrees from the
plane of the G string.s

There are several different sets of violin mgvements
generﬁlly acvocated vy violinists, designed to aid the move-
ment of the bow.4 It must be taken into consideration when
using these movemenﬁs, that for every deviation from the es~
tablished central position, a complete new set of planes of
performance is set up and perfect adherance to the physical

limitations of these planes is not always practical. Thus,

- —
Ibid., p. 11.

4Gramer4 op. eit., p. 24.
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when one portion of the central position is altered for con-
venience of performance at that point, some other rortion of
the technic suffers an alteration to an equal degree. Since
the central position was chosen fur maximum efficiency &at
all poiats, any alteration upon this balance will result in
& lower over all efficieacy of performance. It is advocated
then, that any mannerisms in the fo;m of &nnecesaa:y viclin
movenents be avoided.

The proximity of the ears to the resonator must be taken
into consideration in regard to the positicn of the head, when
holding the violin beneath the chia. If ene ear is much
closer to the resonator than the o ther, an exaggerated and
distorted tone is likely to be received by the mind. It is
desirable that the performer hear the tone under as mueh the
game qonditiqns ag the gudience. Fhr"this‘reason, the 1egiéal
position of the head seems to be the one that will al low each
ear an equal chance to hear the tone. This, if observed,_yill
force the violinist to look straight down the finger beafdfgf*
the instrument. This positiom, if the head is held eresct,
under normal coanditions, will allow the broper assumption of
the plane of the strings. A1l this is akbjeat to variation
undef_abncrmal conditens of structure of the factors involved.®

Provided that &1l of the conditions, as evolved to this
point, remain constant, a cramped comdition of the right am

will result if the vielin is held in & frontal positien. The

SAuer, Leopold, Vielin Playing As I Teach It.. p. 32,




65

Problem of support from beneath the violin must also be con-
sidered. The only possible source of support in this region
is the left shoulder. Thus; the violin, in order to suc-
cessfully adhere to both of these conditions, must be placed
to the left of the normal frontal position. The exact po~-
sition is dependent upon the length of the right arm and

the ability of the performer to shrug the shoulder into po-
sition beneath the left side of the violin. Generally speak=-
lug, the head is forced to turn to the left at about a fifty-
degree aﬁgle fromlthe normal frontal position.

In afder to support the violin, the shoulder is pushed
upward and the chin doewnward in a type of pincer action.
Provided the chin is supported by a chin rest, the only fac-
tor affecting the action of the r esonator is the contact be-
tween the left shoulder snd the back plate of the violin.
Nunerous shoulder pads have been designed to offset this in-
fluence and also reduce the strain upon the shoulder muscles,
Produced by the shruzging action.® From an artistic stande
point, the possibility of muting ththoue at will with the
left shoulder is very desirable. This fact has left a oreach
in the ranks of violinists as to which consideration is the
most degirable for all-around perfdrmance. This, of course,
is matter of choice and if is notl deemed advisable to lay

down any hard and fast rules concerning it at this point.

sIbid., j 32,
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Por consistent and efficient perfomapce upan the instru~
ment, a steady, firm grip by the shoulder and chin should be
maintained. For reasons of facility in the left hand, it
is suggested that the violin proper be held as motionless

as possible and supported entirely by this point of contact.,?

7Stoeving,1 What Violinists Ought to Know, P+ 10.
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CHAITER IX
THE POSITION OF THE LEFT HAND

There are & great many types of left band technics.
Every artist has his own arm and hand set that enables him
to perform difficult violin literature equally as well as
most other violipists. ZEvery school of violiniste maintains
that its particular brand of technic has advantages not en-
Joyed by any other school. It is impossible to determine
which one has the greater claim to this hounor, for differences
in style, basic literature and tradition make the job very
complicated. All of these technics are limited by physi-
cal make-up of both the performer and the instrument. It
is the purpose of this chapter to discuss only those factors
touching upen this point and not to enter into the perpetual

'

battle of the schools. -

The number and character of the points of contact of the
left hand with the neck of the violin determines the measure
of success the performer will expérienee'in attempting to de-
velop smooth shifting, flexible vibrato and accurate intona=-
tion; chsible points of contact are; the ball of the hand,
the crotch formed by the thumb and index finger, the base of
thumb, the base of the index finger, the ball of the thumb,
the second joint of the thumb, the knuckle joint eof the in-

dex finger and the tips of the fingers. Of all these, the
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enly points of contact necessary for performance are the
tips of the fingers and the tip or second joint of the thumb.
It is obvious that the more the hand is tied down by mnuneces-
sary contaet with the neck and finger board, the less freedom
can be experienced in vibrato aud shifting. 4e for intonation,
if the root joint of the index finger touches the neck, the
index finger is forced to curl up as much as posuible in or-
der to stop the first half step possible on each of the strings.
Since this is accomplished with varying degrees of success,
the iatonation is, as a general rule, sharp. In oxder to
address the tone properly, the root joint of the index fin-
ger must be pulled away from the neck and assume a position
in line with the rest of the knuckles. Thus, all of the
knuckles will be as parallel as is possible with the finger
board. This allows equal access to the strings for all the
fingexa‘l

The thumb can fouch the neck at several points. The
position at the crotch of the hand is impractical for the
reason that one side of the crotch is the root of the imdex
fingery-a point of contact already mentioned as undesirable.
The second joint is the favorite poimt of contact,z The
thuch is usually bent in the form of a saddle in which the

neck should lie. This position of the thumb must be altered

lAlleE, 210 Cito, P- 350

o lngmil Kross, The Study gﬁnPaggnini*s Twenty-Four Caprices,
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when performing in positions higher than the fifth or sixth
because of the size and placement of the lower right ribs of
the instrument. The last possible placement of the thumb is
upon the tip.5 This enables the thumb to assume a relaxed
position much as is evidenced in the right hand techniec. Also,
this placement of the thumb allows the hand to assume a lower
and more distant position from the strings, permitting all
the fingers to have equal access to the strings and alse al-
lowing for the interference of the lower right ribgu For
over all counvenlence and ultimate relaxation, this pesitien
seems superior to the other two, heowever, since its full
value is often obscured by the immediate extremeness of its
shape, it is not popular among viclinists. The position of
the thumb in relation to the hand as a whole is generally
directly below the second finger. This allows for position

identificat ion and an equal distribufion of strength among the

_fingers.4

The position of the wrist and elbow is defined directly
by the positicon of the instrument and the number of points
of contaect used in the left hand. If the positien of the in-
strument and fingerws is that which has been suggested, the

elbow and wrist will be pulled under the iastrument as much

e :
ap is possible.d Any extreme angle in the wrist produces

%Ibid., p. 18.
4guer, op. cit., p. 34.
SIbid., p. 35.



70

tension and hampers freedem of motion. The suggested position
of the wrist is that of being slightly ardhed.ammg'frbm the
neck. This completes a gently increasing arch from the el-
bow to the tips of the fingers.

The possibility of independent éctian by the fingers
must always be preaent. If t he pasition.asaumed by the perw-
former is such as to alla& ene fiagez to lie permanently
against another, the efficiency of action of both is impaired,s
ﬁﬁjuxtmenta_of a chromatic nature must always be made by the
finger itself and not by the wrist.? It must be remembered
that changing the hand, set to favor the Placement of one
finger, at the seme time changes the intonation of all the
other fingers.

Far stretches greater than is normally possible inm the
hand.'the movement of the stretch should be backward.® The
index finger is normally longer than the little finger. If
the little finger, or foreward stretch is utilized, the 1it-
tle finger and possibly the third finger will be straigntened,
thus losing the inherentstrength of the arch in each. If the
backward strgtch is used, all the fingers can be maintained
in a rounded position and the great 1ength of the index fine
ger utilized to its ultimate possibilitiea. This technic is

fundamentally the same as is used in performance of the stretch

61‘016.0, P 350
?Cramer, op._ecit., p. 43,

%Ibid., p. 50.
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o the cello and double~bass. 4s & last consideration, the
advantages of a consistent hand pesition for sll areas of
verformance is endorsed.g The position which is necessary
to adequately manipulate the fingers in seveuth position,
i also the same position that allows the backward stretch
in the lower positions. The fingers are all round and sepa=-
rated, the thumb is in g relaxed shape, the wrist and elbow
are well under the instrument and the kunuckles are paréllel
to the finger board. It is possible to hold thie same po-
gition in all areas of performance, allowing consistency of
intonation, vibrato productian and touch. For all purpose
performance, this position seems to be the most bractical

and logical one to assune.

SIbid., p. 44.



CHAFTER X
TECHNIC OF THE LEFT HAND

Touch

Differences of piteh on the strings is the result of
lengthening and of shortening the string by fretting the
string on the finger board with the tips of the fingerse of
the left hand. Fach finger can determine an unlimited number
of pitches upon the four strings. The quality of the fre-
quencies initiated by the fingers is dependent upon where
on the string the note is produced and how definitely the
wave forms of the string are terminated by the finger. The
more the string is shortened by a finger, the less is the
number of high overtones that will be produeed.l As the
bridge of the violin is approached with the left hand, the
height of the strings from the finger board is increasingly
greater. Thus, when the string is atopped close to the gut,
1t is pushed down more easily than when it is stopped close
to the bridge. It followsg than that when the string is stopped
close to the nut, the best results are obtained with the least
effort. 4s the bridge is approached, the results decrease

while the effort increagses.

pR——

MHelmholtz, op. cit., p. 46.
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In order for the nodes of the overtones along the length
of the string, to be welldefined, the ncdes‘at either end of
the string must be well stopped‘z‘ If a finger does not form
a firm terminal point, the smaller 6vertones will be mal~
formed and as a result, the tone will be dull and without
brilliance.

This ultimate in quality then depends upon how well the
string is stopped. For the maximum results, there must be
& firm juncture betwéen the finger and the finger bvoard, the
string being held firmly between the two. In the rerfarmance
of fast bassages, a slow pregssgure of the fihger is not fast
encugh to provide immediate results frow the vibrating string.
- Therefore, the first contact of the finger with the string
and finger board must be decisive and imuediately set up a
form nodal point for the string.

The arch has long been the symbol of strength in archi-
tecture. All portions of an arch closely support all ather
gections. When a break occurs in the curve of an arch, the
strength imwediately disseppears. This is also true of the
arch that is formed in the fingers of the left hand.° When
the fingers are round and the bones support one aznother, very
little pressure is needed to keep the string well stopped.

If the arch is broken, much of the strength is lost at the

weakener joint and unless a great muscular teusion is applied,

2&;;81', __R_u citn,i p- 89.
3Stoeving, What BEvery Violinist Should Know, p. 10.
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the string is poorly stopped. The initial attagk must be
firm and decisive. After the first firm attack has detere
mined the length of the wave form, the initial pressure can
be relaxed, for the wave form, once started, tends to con~
tinue in ite original path. If the first terrific pressure
is maintained, undue tension is produced and the left hand
fatigued very quickly.
The Trill

The mechanical actiqn of the trill is merely a re-oce-
eurring of the process just outlined under the heading of
Touch. ¥or a very fast type of trill, s flutter cah e pro-
duced hy;the game type of tension that was evidenced in the
uncontrolled staceata.4 If this tensioun is to be produced
for any length of time, relaxation can be accomplighed by
a continual movement of the wtist.S This changes the length
and placement of the muscles involved ami thus does not pro-
duce too great a measure of fatigue in any one place. The
trill eccurs at a rate of about seven per second.  This is
an over all average for speed in the performance of this em-
belligshment. The trill is accompanied with a aynehroncus ine
tenaity changa‘of about 5 deeibéls at the éame rate of per-
formance. The accessory note_is,usually about 25% shorter

the duratied than the main note.ﬁ

4Flesch, op. cit., p. 45.
sIbidc, P 46.

64rnold Small, *An Objective Analysis of Artistic Violin
Ferformance;% The niversity of lowa Studies in the Psychology

of Music, Vol. IV, pp. 223~224.
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& rocking type of trill, produced by a rolling motion of
the hand, does not Possess enough force in the attack to ade=
quately stop the string at a very high rate of speed. For
this reason, it is seldom used glthough it is very aasiiy

done and very fast.

Yulling of the Stringa

A common fault among violinists is that the fingers of-~
ten pull the string away from its natural position on the
inﬁtrument.? This forms an unnatural relationship of the
string with the other strings and by the varying of the sigze
of the string itself, alters consistent intonation.

If the string is pulled away from its natural vosition,
the distance from one string to another is s ltered enough to
change the conditions of string crogsings. Thus, if the &
string is pulled to the right, the distance of the bow crosge
ing from the D to the 4 would be much greater and from the 4
to the E much smaller than the dlstance would be under marmal
¢ircunstances.

If a finger is placed on a string at a point that‘ordi-
narily produces one frequency, and the string is stretched
ocut of line, the length of the siring will be changed and as
& result, the intonation altered. Therefore, if the violin- |
ist is not consistent in the production of either condition,

he cam never be sure of perfect intonation at any one point

7Gramer3 ep. cit., p. 86.
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upon the finger board. It is suggested that in order to
meintain consistent conditions of string erosaing and in-
tonation, the finger be placed straight down upen the string,
and any pulling of the string out of its natural position

upon the finger board be avoided.

Intonation

Most autheritative investigations on violin intonation
in the performance of single melodic lines indicate that the
Pythagorean intervals are dbsérved to be the ones most uti=
liaed.a In the performance of simple barmonies and double
glops, the natural or just intomatieon is follawed.g Eythae-
gorean intenation includes expanded major sixths and thirds
and contracted minor sixths and thirds. The perfect intervals
of both Pythagorean and just intonation are the sameﬁle The
Pythagorean_system is fairly easy to master, but just intona-
tion referred to in the performance of double stops, is more
abatract and difficult to acaompliéhQ

One method of developing the use of correot just intona-
tion was discovered by Tartini, and this method has been fol-
lowed by viclinists ever since his time.11 This systen in-

volves the use of difference tones, the production of which

8peul ¢. Greene, "Violin Performance with Refereuce to
Tempered, Natural, aud.Pythagorean Intonationi® The University
of lowa Studies in the Psycholegy of Mugie, Vol. IV, p. 250.

9lloyd, op. cit., p. 34.

ladttokar Cadek, “Problems of String Intonationi® Musie
Teachers Natlonal Association, Froceediungs, 1938, p. 154.

HMraul Steeving, The Violin, Its Famous Makers and Players,
Po, 42 . ) )
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demands strict adherance to the ratios of the harmonic series,
and depends upen correct tone production as well a&s careful
listening. The problem of hearing can be overcome by di-
rected attention or anticipation of the “Tartini tone®, that
regsults from the interval ih guestion. ﬁ.simple method of
identifying this frequeney is found in the order system used
in locating the frequencies of the partiales of the compound
toue . |

The major and minor sixths and thirds, perfect fourtns,
fifthé and octaves, all occur at various places in the har~
monic geries. If Figure 3 is cousulted, all of these inter=
vals can be found. The octave occurs between 1 and 8§, the
fifth between 2 and 3, and the fourth between 3 and 4. The
major third occurs between 4 and §, and the minor third be-
tween 5 and 6. The majo: gixth occurs between 3 and 5, and
the minor sixth between 5 and 8.

Tartini tones are the same as difference tones whose
frequencies are equal to the difference of the frequencies
of the intervals in question. (Difference tones of the first
order are discussed on page iéuéf this werk. ] Since the or-
ﬁer numbers of the partials of the.harmonic éeriea indicate
the number of times the frequency of the partial exceeds the
fundamental, it is possible to find what the position of the
difference tone will be by subtracting the lower order num-
ber from the higher one. (Figure 4 of this work contains a

notation and chart of.différence tones of the various orders
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a8 determined by this éystem.] As an exsmple, let us take
the minor sixth, whieh ocedrauhetween 5 and 8 (Figure 3).
dubtract 5 from 8 and the result is 3, or in this case of

the series in Figure 3, the combimation of e and ¢ produces
g in the bass éleffm The perfect fifth falls between 2 and
3, therefore, the difference tone of this combination will
have the order number 1, or in this case, the fundamental C.
Thus, it is obvious that once the interval pattern of the
harmonic series is memorized, it is relatively easy to locate
the desired difference tone.

Difference tones of the second and third order arée ob-
servaﬁle on the viclin. However, they are very difficult to
produce and demand the ultimate in tone production. When
the student of the violin can produce several orders of dife
ference tones at any point on the bow, his bowing is egual to

any tegt of legato technic.

Tuning

The violin is tuned in perfect fifths. The fifth bears
the order numbers of 2 aund 3, therefore, when the fifth is
in its correct ratio, the first order difference toune, one
octave below the lowest frequency of the interval will be
Preduced. If this difference tone is not produced, the fifth
is not in tﬁne* In tuning the A and B, A in the bass cleff
should be heard. For the Dand &, D in the bass cleff should

be heard. For theg gng D, G in ﬁhe'bass cleff should be

heard.
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The observance of veats, or the lack of them, form the
second method of determining whether or not perfect intervals
are in tune. {(The pauysiology of beats is discusged on pp. 15
and 16 of this work.] DLeats can be produced between the
third partial of the lower frequency and the second partial
of the higher frequeuney of a perfect fifth if the fifth is
not quite in tune. When the beats are no longer evident,
the fifth is in perfect tune. This phemomenon is easily
identified and can ve discerned even umler conditions of medio-
cre tone production. The octave can be tuned by the observe
ance of beats formed b§ inaccurate tuning of the lower fres
quency and the first order difference tone or the nigher
frequency and the fﬂrét partial of the lower frequency.

oA

Positions of Performance

’ _@he positions of performance upon the strings are num-
bered according to the size of the interval. The first fin-
ger will produce from the open string. Wh@n'pgrferming in
the key of C, the first note, that the index finger will pro=
duee,_indicates the first positien,_the second note, the sec-
ond pesition. The rest of the positions are determined in
the same manner;r‘This same process is applicable in all keys.
The certain identifieation of position can always be accom~
yliahed.if the thumb maintains its poéitian in the center of
the hand. The first positien. by reason of its obviousness,

needs no meﬁhad of location. The second positign cannot be




ilsolated because of its remoteness from any identifying
structure. In third pogition, the thumb should touch the
curve of the neck where it joins the lody of the violin.12
The first finger in the majority of keys will, when in this .
position, be one step behind the position of the thumb. In
fourtn position, the thumb will still touch the curve of the
neck and the first finger will usually be direcﬁly above it.
In fifth position, the first finger will generally be one
step ahead of the thumb and se on up to the seventh positioen.
These identifying measures are altered chromatically to allow
for flat and sharp keys of three accidentals or over. This
process makes it possible to pick out the higher positions
and isolated notes with comparative ease. Unless thélé; e as=
ures are followed, the performer can never be sure that the

high position that is being sought will be located.

Shif'ting
¥hen moving from one position to another upom the violin,
at least one finger will remain upon tte finger board. @Gene
erally speaking this finger is the index finger although
there are many occasions for the second or third also to re-

18

maine ~ The reason that the first finger generally remains

is that the positions are identified by the first finger.

mK:esa, op- cit., p. 21.
1271 esch, op. ¢it., p. 28,
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The movement from one position to another, while the finger
is s8till touching the string, produces what is known as glis-
sando. This glissando ®hould never be prominent in shifting,
for a crescendo here would detract the attention from the
neta.,l4 Flesch suggests that the pressure be relaxed duriig

t he slide; This throws the entire support of the instrument
upon the shoulder and neck of the performer. However, if

the slide is to be unimpaired by unnecessary grabbing of the
thumb in order to support the instrument, this firm support
by the shoulder must be maintained. Generally speaking, the
most difficult shifis are downward because the hand pulls

the instrument away from tne_neg‘:]s:.l‘5 Smooth slides are de-
“girable, for any jerk will upseet the bow and cause distract-
ing noises. During the upward shift, the elbow should pull
the hand around. The elbow should maintain this extreme posi- ™

~
tion also during the downward shift.

Finger Preparation
The performa&ce of quick bfoken chord passages demands
that fhe fingers be placed in position bvefore the bow ever
touches the string. The accumulating of all the Beparate
finger placements into one simple finger-set simplifies the
most difficult passages and makes possible, that which other-

wige would have been practically impossible.le Emil Kross

14Ipia., p. 28.
V1pid., p. 27.

¥ cramer, op. cit., p. 48,




suggests that the firat finger always be used as & movable
nut which forms a starting point fer the fingerings above
it«lv This coincides with the theory of shifting and posi=-
tions which places the burden of technic upon the first fine
ger. Any finger by itself will experience difficulty in be-
ing consistent in intenation all over the finger board. ir
the first finger becomes the guide and all of the rest ofzthe
fingers réckan their distances from the first finger, greater
eonsistency can be accomplished in intonation. In doublew
gtops, since the first finger is the most aceuraie as to in-
tonation, all of the higher finger placements should be ad-
Justed to it. This continual holding down of the first fin-
-ger &lso helps hold the strings down for the higher and the

weaker fingerajla

Vibrato
Pitch vibrato has been determined as a movement of about
«2% of a tone above and below the pitch being produced. The
average rate of vibrato is about 6.5 egycles a second. -Tbe
rate and extenﬁ'of the pitch vibrato are ;ndependent of each
other. This is true, veth for the individual and for the

19

ensemble. There is also a type of vibrato known as inteunsity

I?Krossw op. ecit., p. 42.
B1pig., p. 41. |
19 graold Small, "An Objective Analysis of Artistic Violin

Performance;"™ The University of lowa Studies in the Paychology
of Musie, Vol. IV, DD. 2oo~224.. '
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vibxate.ao This vibrato, however, does not enter the mechani-
cal technicgof performing upen the violin that can be ade=~
quately controlled and therefore is incidental to the dis-
cussion.

A8 & general rule, vibrato performed upon the lower free~
quencies is slower and wider than that applied to the higher
fregquencies.®l Variations in vibrato speed and exteat is |
purely a matter of taste upon the part of the performer and
dépends upon his emotional background and conception of the
import of the phrase he is reproducing.

The alteration of pitch can be produced by an individual
finger motion, a hand and finger motion, a wrist, bhand and
finger motion, or a pulsation of the entire arm. The last
two of these are easily done but are impractical because of
the smallness of movement and the slowness of speed. The
most satisfactory motion is that of the hand and finger mo-
tion from the wristng

The hand moves back and forth from the wrist in a waving
motion and the finger, while the tip rocks back and forth,
takes up the greater movement of the hand propexr by a type
of shock absorber motion of ihe joints. This mesms, that
as the hand moves foreward, thé finger-aurls up and as the

hand moves backward, the finger straightens out. During the

201pigd., p. 217.
2lergmer, op. git., p. 85.

EaFleaeh, ep. ¢it., p. 36.
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entire operation, the finger still retains its basic arch,

maintaining the pressure upon the string while varying its
point of contact.?® This isolation of the vibrato motion

to the hand and fingers alone produces & quiet technic that
can be controlled as to size and speed. Vibrato should not
be considered as a constant member of the teechnic, but only
as a measure to enable the tone of"the slower strokes. Its
presence in fast passages i3 disasterous to intenation and

efficieacy. Discretion in its use must be exercised at all

times,

23
Personal interview with louis Persinger, New York.



CHAPTER XI
RECOMMENDATIONS AND CONCLUSIONS

As a final thought, it is the author's opinion that edu=
cational effort in the field of music could take greater ad-
vantage of logical justification of technical processes than
it is now generally doing. In the skills, patterns of per-'
formance have been arbitrarily set up and followed for gene
erations by teachers and pupils, without any counsideration
on their part as to the scientific validity of such a Pro-
cega. It is the writer*s‘he;ief thatmwide:”study and ine
terest in the seientific basis of music will produce more
practical performers and teachers, and consequently, less
unanalytical and intolerant musicians.

There is room for further investigation in both of the
fields discussed in this document. The complete physical
properties of the violin widl, no doubt, be set down in due
time, for at present there are several serious attempts by
competent scientists to do just that. The artistic phase
of'teehnic,_being more abstract in nature than the more cone«
crete properties of the instrument itself, provides a situa-
tion that, in order for technic to be adequately analyzed.
the iavestigator must be at once a scientist gand fine vio~

linist. Unti]l such a person undertakes the job, there can

85




be no final anewer to the question of which combination of

rules forms a basis for the more adequate technic.
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