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Performance of three violins made in Mexico evaluated through
standard measurements from a legendary violin
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A set of Mexican violins handmade using traditional wodds Epruce for the soundboard, maple for the body, and ebony for the fingerboard)
were studied. Standard mobility measurements of these instruments were obtained, and the sound of each violin was recorded when
professional musician played a Bruch Concerto opening excerpt. One of the violins showed a mobility with high harmonic content remarking
strong components of high frequencies, resembling the response of old Italian violins, and particularly one made by Stradivari; its sound was
the brightest of the set. Meanwhile, other violin exhibited an opposite performance, with weak components of high frequency and having the
darkest sound. The performance of the third violin was located between the other two, both in mobility and in its sound. The sound recordings
are available for download; so these discussions can be actively judged by the reader. These Mexican violins covered a considerably differen
range of performance, so there is no reason to consider that violins made in Mexico could have some kind of limitation; quite the opposite,
the results of this work show that obtaining a desired dynamical behavior (quantified by mobility measurements) of a new violin is totally
feasible.
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1. Introduction sound radiation to the injected force.§ see the acceler-
ance measured on a guitar [6]). Of particular interest is the
All over the world, vibroacoustical data from several violins Bridge Mobility (sometimes called Mechanical Admittance)
of different ages and provenance have been obtained; arwhich in the rest of this paper will be simply referredras-
even recently, numerical simulations of a complete virtual in-pility. This measurement allows graphing the vibration of
strument are available [1]. In fact, one clearly established stringed instrument, in terms of velocity per unit of input
goal has been stated by Marshall [2] about to create a catalggrce to the system. Whereas the sound is directly propor-
of violin vibration, with the aim to encourage comparisons oftional to the velocity of the radiating structure, the mobil-
various types of behavior. ity contains information for an indirect estimation of radiated
At this respect, musical acoustics topics has been studsound as Woodhouse and Langley have exhaustively detailed
ied since some years ago in Mexico, but mainly focusedn Ref. 8.
in plucked instruments as the guitar (as a few examples One of the main advantages of sensing structural velocity
see [3,4]) and thgarana jarocha[5]. Even so, some com- as output, instead of sound pressure, is that the room acous-
ments about the history of the acoustic of the violin weretics can be neglected and the general response of the mea-
written by Boullosa [6] and, recently, one attempt to evaluatesured violin is not compromised. For example, the famous
experimental violins of Mexican woods was published [7]. plot by Diinnwald [9] of a set of violins, presumably of dif-
However, there is no related studies reporting measurementsrent qualities, was made relating radiated sound to a con-
from Mexican classical violins made from traditional woods; stant exciting force over the desired frequency range (obtain-
i.e. violins that could be directly compared against other onesng radiativity); but the typical shape of the violin mobility
of standardized construction. obtained by other authors can be easily related to such plot.
From this perspective, the performance of Mexican vio-Basically for both mobility and radiativity, in low frequen-
lins could be considered somewhat unknown; which is a pitycies there are well defined peaks, while in high frequencies
considering that several violins are made per year in Mexthere is a broad peak centered between 2 to 3 kHz; which is
ico (because this country has one of the few schools over thespecially clear for the old Italian violins group measured by
world where a Bachelor’'s Degree in Violin Making can be Diinnwald.
obtained). Vibroacoustical data of Mexican violins would be  Specific settings of a widely applied experiment to ob-
useful, in order to compare their performance against equivtain the mobility of the violin were stated by Jansson [10],
alent data extracted from others violins widely studied. and some researchers have adopted this experiment as stan-
Nowadays, when analyzing stringed instruments, therelard. In consequence, mobilities of several highly valued vi-
are measurements typically included to relate vibration oolins are reported in papers; including Old Italian instruments
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made by Guarneri and Stradivari. Also, there are useful com-
mercial recordings containing musical passages played with
this kind of instrumentse.g the systematic recordings of
Ricci [11] playing the Bruch Concerto opening excerpt with
several old violins (even though the set-up during record-
ings and post-processing of commercial material is usually|
unknown).
Therefore, the present paper is focused on obtaining the
mobilities of some violins made in Mexico, complemented
with sound recordings of them under controlled conditions
and some subjective comments. The aim is comparing thi
data with equivalent information available in the literature,
in order to determine if the dynamical behavior of these vio-
lins, created away from European schools, is similar to data
obtained from traditional violins.

force
transducer

FIGURE 1. Experimental set—up for the mobility measurements.

2. Methodology

o original figure corresponding to the Strad. Gough [1] have
2.1. Analyzed violins clearly showed how these two low modes (whose shapes are

L L . o available in Ref. 2) are strongly perturbed by the air within

Considering tha_lt, for subjectlve. evaluations, it is recom-y,q cavity, its coupling to the bending component mode and
mended to restrict the amount of instruments to a_small NUMe soundpost coupling strength and position. Particularly,
ber [12] €.g Boullosaet al. [3] only used four guitars for - {he mode shapes corresponding to P1 and P2 are remarkably
subjective tests), three particular violins were selected for thigjifrarent to the corresponding of instruments without sound-

work. The preliminary criterion for the selection was that thepost, as the guitar and the jarana jarocha (low modes of these
three violins have presumably different timbres, from bright| 5t instruments are available at [4-6]).

(high amplitudes of harmonics of high frequency) to dark : . .
(high amplitudes of harmonics of low frequency), and each Respectto the h“'”.”'? known as Bridge Hil (hereafter sim-
one was made by a different maker. The materials used fd?ly referrec.j'as B.H)’ Itis an |mportant pehawor no't found
the instruments were woods traditionally used in violin mak-" the mobility of instruments like the guitar or the viola da

ing; i.e. spruce was used for the soundboard, maple for th(tgsamba [8]. In the last decades, a lot of papers inspired in
body, and ebony for the fingerboard. The three violins wer indings of Jansson have been focused to explain the impor-

. . . %ance of BH in the quality of the violin. Even though BH
prepared for testing with the same type of new strings. . . . .
o etains several unexplored issues, it appears that its relevance
Two of the violins were made by students and complete

in 2014, and both designs were based onGhemoneseio- 1S recogmzeq: o
lin of Stradivari; the internal control labels are v308 and v264 1 ne mobility of the violins of the present paper was mea-
and hence they will be referred in this way. Another violin Suréd following the experimental procedure used to obtain
has v171 as internal control label and it has a prehispanic fac&°t only the mobility of this Strad, but also of many other
instead of scroll. This last violin was made in 1987 by an ex-Violins measured in rece.nt years obtaining similar graph§_, a
perienced violin maker, the founder professor of the schoolf€W €xamples are found in Refs. 7, 8 and 15; so the mobility
Luthfi Becker; who also adjusted the soundpost (away fron®f this Strad (Fig. 5 top) will be used as a standard for com-
the center and cutting it) a few days before to measurementBarison with the results of the present work. Figure 1 shows
details of the experimental set-up here used.
2.2.  Mobility measurements The experiment to obtain the mobility consists of hitting
the bridge in the G-string corner, through a pendulum of the
The mobility up to 5 kHz of a 1709 Stradivari violin (here- same length as the used by Jansson (120 mm). A IEPE force
after referred simply aStrad is shown at top of Fig. 5. Such transducer was screwed at the end of the pendulum to sense
test was made by Durup and Jansson [13] and they markeatie impact. A polymer tip was attached in the transducer to
P1, P2 and BH assuming these features as relevant in thproduce an adequate harmonic content for the input force,
quality of a violin. covering the required frequency range up to 5 kHz as it is
P1 and P2 have been widely studied for several reshown in Fig. 2. The generated signal was captured in one
searchers; however, there are no consensus for naming theseannel of a dual IEPE channel spectrum analyzer. Mean-
resonances. For example, the most used way to labeling thegdnile, the other channel is confined to sense the vibration
modes isB; andB; respectively; but Rossing [14] has pro- in the E-string corner through an ultra-miniature IEPE ac-
posed updating the names to C2 and C3. In the present papeglerometer (0.4 g) connected via a very thin pair of cables
the labels P1 and P2 were chosen simply to avoid altering thénstead of the widely used coaxial cable). The vibrations of
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tal set-up; the next day, v308 was measured again only up to
1 kHz and practically the same mobility was obtained. Even
the mobility of v308 included in Fig. 5 was taken almost a
year apart and the shape remains the same.

2.3. Specifications of sound recordings

Undeniably, the Bruch Concerto opening excerpt, recorded
during several sessions by different peomey([11,15]), is
a good choice to analyze sound features of violins because a
wide part of the violin tessitura is played. The score of this
a fragmentis shown at Fig. 4, and it was performed by an expe-

' : : rienced musician of the Philharmonic Orchestra of @tso,
02 1Frequency (kHsz) e Professor_ Ar_sha_k Hayrikyan, us_iqg the violir!s of this work.

The only indication for the musician was trying to play the

FIGURE 2. Harmonic content of the driving force obtained through three violins equally, but a metronome was not imposed to

the set-up of the experiment. allow some freedom during the performance.
The excerpt was recorded in one long take, twice for each
-1 : ——————— : — violin. The recordings were made keeping the same condi-

tions for each violin, in a small anechoic chamber (Fig. 4).
In order to create stereo files from a similar position of a hu-
man head; two condenser microphones were used and they
were spaced by about 13 cm, 1 m from the musician and
1.3 m above the floor; their signals were sent to a com-
puter via USB, using a phantom interface at a sampling rate
of 44.1 kHz and 24 bits. Sound-editing software was used
to create two types of files in WAV format: one containing
the excerpt played with each violin with one microphone per
channel, and the other type containing two different violins
as explained below.

To create the audio files containing two different violins,
the recordings exhibiting the best temporal synchrony after
comparing the data of each violin were found; and then these
‘ B N R ‘ Lo chosen recordings were mixed as follows: the left channel
-7 i N I O 0 ] - contains the signals from both microphones of one take using

3
Frequen(;])? (Hz)

Magnitude (dB re 1 m/s/N)

FIGURE 3. Two measurements of the mobility of v308. In the first
(solid line) the resolution is 12.5 Hz covering 5 kHz; in the second
(dashed line), the violin was retired of the experimental set-up and
reinstalled, and the resolution is 2.5 Hz. '

the strings were avoided with a card but without touching the
fingerboard, as it is shown on Fig. 1.

Eight cycles of the experiment were averaged to obtain
each mobility. To cover the required frequency span (up to
5 kHz), the resolution in the analyzer had to be fixed with
steps of 12.5 Hz. Although this value for the resolution may
appear too coarse to allow detecting important resonances, a|
additional measurement with resolution of 2.5 Hz (which im-
plied lowering the range up to 1 kHz) revealed that 12.5 Hz
of resolution is enough. Figure 3 shows the mobility of v308
measured with both resolutions. Clearly, almost the same :
resonance frequencies can be detected from both mobilities.
Also, the repeatability was verified at the same time becauseicurE 4. Recording session and the played score for each violin.
v308 was measured up to 5 kHz and retired of the experimen-
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FIGURE 5. Measurements of the performance of the violins. The
mobility magnitude is shown for the three Mexican violins mea-
sured for this work, v308, v264, and v171; while the mobility of a
1709 Stradivari violin [13] was included at top (under permission),
in order to be used as reference for comparison

3. Performance of the instruments

The results obtained from v171, v264, and v308, did reveal
typical behaviors in violins, although the mobility of each in-
strument had distinctive features. Along with the audio files
of each violin, some discussions of these results are explained
below including some subjective opinions in Sec. 4.

3.1. Obtained mobilities

Figure 5 shows the magnitude of the mobility of the analyzed
violins. A naked eye comparison shows that the mobility
of vi71 is, by far, more similar to the mobility of the Strad
than the other two violins. While the f—hole resonance (about
275 Hz) and P1 clearly appeared in the three mobilities, the
mobility of v264 and specially v308 showed differences in
comparison with the Strad data as the frequency increases.

First, differences in lower-order vibrational modes of vi-
olins seem relevant considering the importance attributed to
this issue in the literaturee(g. [1,2,13]). The amplitude of
P2 for v264 and v308 is considerably low, even in the high-
resolution mobility for v308 in Fig. 3. Maybe just adjusting
the soundpost position of v264 and v308 might have been
enough to enhance the response of P2 [1], but any modifica-
tion to the violins was intentionally avoided once the mea-
surements started. In contrast to v264 and v308, P2 is the
highest peak for the lowest modes of v171 as well as in the
Strad. In the next group of resonances around 1 kHz, v264
and v308 had considerably large amplitudes (even higher
than P1 in the case of v308) unlike the behavior of v171 and
the Strad.

Finally, above 1 kHz the mobility of v308 exhibited a
somewhat lower response; and BH appeared in v264 centered
on 2 kHz. However, v171 and the Strad clearly show promi-
nent amplitudes for a BH centered around 2.5 kHz (although
the frequency for BH in v171 seems slightly higher than the
Strad). Therefore it is clear that, unlike v171, the vibrational
behavior of v308 is far from working as this Strad, especially
in an relevant range for the violin sound as Jansson [15] has
remarked because it falls where the human ear is very sensi-
tive (=~ 1to 5 kHz). The mobility of v264 can be considered
as an intermediate case between v171 and v308.

As an additional criterion to catalog these three violins
based on performance, their mobilities were sorted accord-
ing with the Dinnwald responses [9] (Italian violins at top,
master instruments at middle and factory violins at bottom).
The matching criterion was the highest value of the responses
for both works. Thus, since v171 has the highest value of
its response at BH as the old Italian violins, its mobility was
placed at top of Fig. 5. Meanwhile, v264 has high values over
the whole mobility as the master instruments of the middle;
and the highest value for v308 is around 1 kHz as the factory

one violin, while the right channel contains the corresponding‘/io"nS at bottom of the plot.

data of other violin. So three files were created and named

according to the stereo set-up: L264R171, L308R171, and 2. sound recordings

L308R264. The spectrograms of the selected files for these

mixes were calculated for each channel to analyze the haifhe six audio files created for this work, available on the

monic content obtained with each violin.

web [16] and by request to the author, allow various types

Rev. Mex. Fis62(2016) 271-277



PERFORMANCE OF THREE VIOLINS MADE IN MEXICO EVALUATED THROUGH STANDARD MEASUREMENTS... 275

v171

For frequencies below 700 Hz (around P1 and P2), there
are few significant variations between the spectrograms of the
three violins; despite the differences between the mobility of
each one for these low frequencies. However, variations on

max

1515 . . .
S0 ! ! the harmonic content are apparent becoming more evident
St T T ARLLER b with increasing frequency, similarly to the differences of their

Frequency (Hz) ' corresponding mobilities.

v264
Near to the group of resonances around 1 kHz, the spec-

trograms showed that the amplitudes of the harmonics have
different proportions playing the same notes using a different
violin. There is no a clear pattern to link the mobilities with
the sound measured for this frequency range. It seems that
i the behavior of v264 exhibited more differences in compari-

Frequency (F2) son with the spectrograms of the other two violins (cf. peaks
around 900 Hz in the data of the three violins).

Finally, in frequencies corresponding to BH, the spectro-
gram of each violin looks very different with respect to each

1dS pazijeulou

2 T other (like the mobilities): on the one hand, the sound of
i e il e il v308 contains low amplitudes; on the other hand, the sound
o of v171 has high amplitudes showing a clear agreement with

e the sound spectra reported by Jansson [15] when playing vi-

FIGURE 6. Spectrogram of the Bruch Concerto opening excerpt olins with high values in BH. One more time, v264 can be
recorded using the three violins of this work. interpreted as an intermediate case between v308 and v171.
Therefore, the spectrograms clearly showed the sound differ-

of analysis. The distinctive sound of each violin can begnces hetween the three violins (especially in the BH range).
heard alternately panning the mixed audio files (L264R171,

L308R171, and L308R264) while they are played, no matter
which violins are being compared. Note that the timbre dif-4. Discussion
ference between each one can be heard at any instant of any
of the musical excerpts recorded in this work, in both low andThe highest ratio of vibration per unit of input force of the
high notes. Besides, it is clear that the repeatability achieveenalyzed violins is clearly different as it was expected, con-
by the professional musician was good enough to synchrasidering that the three violins generate a distinctive sound.
nize three different violins, mixing the executions in a singleHowever, now this has been clearly demonstrated through
audio file. measurements. The next step would be evaluating the per-
The timbre difference between the three violins is evi-formance of the three violins in a concert hall, and undoubt-
dent, even more than the detected differences when compagély, the main interest would be analyzing the behavior of
ing the violins recorded by Ricci [11] (perhaps because all thev171 in such place due its affinity with the Strad. In addition
violins used by him can be considered of somewhat similato this affinity, there are objective reasons to believe that the
qualities). Clearly, the sound of v171 is the brightest whilesound of v171 has great chances to fill a large concert hall;
v308 has the darkest sound. This is also revealed by viewinfpr example, its mobility reveals that a considerable part of
in a real-time frequency analysis.¢ “Fire Storm” in the the injected energy to v171 will be efficiently employed for
“Bars and Waves” section of Windows Media Player) eachsound generation in a frequency range of high sensibility of
audio file that contains only one violin; all the time, v171 am-human hearing (around 2.5 kHz). Exhaustive procedures to
plitudes at high frequencies tend to be stronger than v308 aridvestigate the performance of these violins in a concert hall
it is already known that the harshness of a violin is associatedre required, but this latter topic is beyond of the scope of
with a strongly increased level between 1520 - 3040 Hz [12]this work. However, it is worth mentioning some subjective
In agreement with the mobility data, teeundof v264 can be evaluations collected over the course of this work.
considered as an intermediate case between v171 and v308. The live—played violins and their sound files have been
For a more detailed comparison of the harmonic contentontinuously heard by many students and teachers of the Vi-
of the sound generated by each violin, Fig. 6 shows the spe@lin Making School, both in the Acoustic Laboratory and in
trograms of the excerpts recorded. For each one of the threeclassroom; these places are small rooms of a&héut 5 m
spectrograms, the amplitudes were normalized with respe@nd 6 m high, exhibiting a considerable reverberation. Typ-
to the maximum value of the data of the corresponding vio4cally, vi71 was compared directly against v308 as violins
lin. Also, to facilitate the comparison with the mobilities of of contrasting harmonic content. Under these conditions, the
Fig. 5, x-axis of Fig. 6 has preserved the logarithmic scales308 timbre was usually labeled favorably for being more
and its limits from 0.1 to 5 kHz. mellow than v171; contrary to the expectations after finding
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5. Conclusions

Marked differences were heard and displayed (by spectro-
grams) when comparing audio files of three Mexican violins,
which were clearly linked to the differences between the mo-
bilities of each instrument. On the one hand, one of these vi-
olins, v171, has a mobility remarkably similar to a Stradivari
violin; its sound was the brightest having good amplification
of harmonics between 2 and 4 kHz, as might be expected
from the clear hump in its mobility in the BH range.

On the other hand, v308 presented a completely different
behavior than v171: beyond 1.5 kHz, the mobility of v308
was lower instead of showing the BH and its sound exhibited
a much lower harmonic content; in consequence, the sound of
v308 was the darkest of the three (the behavior of v264 was
FIGURE 7. Teatro Alameda. A picture taken from the place where |20€led as an intermediate case between v171 and v308, in
v171 and v308 were played, where the location of listeners can bd?0th mobility and sound measurements). Additionally, pre-
observed. liminary subjective tests comparing both violins suggested

that v171 seems more adequate for a concert hall, but v308
that the mobility of v171 seems to be behaving as the data ofvas preferred on small rooms.
a high quality instrument. This was intriguing, and since itis ~ Therefore, this analysis on three Mexican violins have
also feasible that the reader may be in a similar situation afteshown that their sound can cover a wide range of tonal qual-
hearing the files, one last subjective test was included. ities, from dark to bright; and these judgments can be evalu-

The performance of v171 and v308 was evaluated byated by the reader because sound files comparing a musical
two students and two professors (one of them scarcely regPassage played with each one are available for free down-
lated with music) from the school, but in a concert hall inload. On this way, this paper are also trying to promote the
Quektaro (Teatro Alameda). Without public, the author ofinclusion of musical recordings of analyzed instruments in
this work played the excerpt using each violin from the mainresearch papers, considering that nowadays obtaining sound
stage; certainly with the technique of a beginner, althougtecordings (and sharing) is easier than a few years ago.
consistently for both violins. Meanwhile, the four evaluators ~ Since the mobility of these violins made in Mexico can
were seated far enough so they could not visually distinguisi€ closely similar to particular instruments taken as reference
the instruments (in row 20, see Fig. 7). Under these condi(as the Strad here mentioned), and keeping in mind that tra-
tions, all of them preferred the sound of v171 (ignoring whichditional woods are used in such country for violin making,
instrument was), commenting that his/her opinion was basethere is no reason to think that the behavior of Mexican vio-
on the perception that the other violin (v308) tended to béins could be limited by any factor.
inaudible.

Finally, one of the students played both instruments in orAcknowledgments
der that the author of this paper listened to them in different
parts of the hall. Apparently, the higher harmonic content inThe author would like to thank Professor Arshak Hayrikyan
the v171 sound allowed to cover the concert hall in a betfor playing the violins for recordings, to Durup-Frangois
ter way than v308, whose sound seemed not to have enoudtaure of ENSTIB by agreeing to share the 1709 Strad mea-
power to be heard in such a large hall (Fig. 7). These discussurements performed with Erik V. Jansson at KTH, and to
sions are consistent with the fact that the mobility of v171 isviolin maker Luis Lavalle and Dr. JoaguQuiroz for their
similar to the typical mobility of high quality violins, which valuable comments about the subjective evaluations and their
are used by concertmasters in large halls. Even so, it mugarticipation in such tests.
be stressed that this last evaluation must be interpreted only
as a preliminary result and more formal procedures are still

required.
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