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RESUMEN  
 
Un banco de pruebas fue construido para 
obtener las curvas de sensibilidad a la vibración 
en un violín de mediana a baja calidad. La tapa 
superior fue modificada y las curvas se volvieron 
a obtener. Los cambios en las curvas se 
compararon con las curvas obtenidas de un 
violín Stradivarius. Adicionalmente la placa se 
escaneó con un LDV (Laser Doppler 
Vibrometer) después de la modificación y el 
comportamiento de la placa fue analizado. 
 
Los resultados indican que el violín mejoró en 
las frecuencias bajas en términos de radiación 
de sonido y calidad de timbre, debido sobre todo 
al reemplazo de la barra armónica y los picos 
cerca de las resonancias de las cuerdas. El 
registro alto fue afectado por una pérdida del 
alance de masa en la placa, a pesar de que 
supuestamente fue ajustada a las medidas 
estándar por una laudera. 
 
ABSTRACT  
 
A test bench was constructed that would permit 
to study a medium to low quality violin and 
obtain its vibration sensitivity curves. 
Afterwards, the top plate was modified, and the 
curves were obtained again. The changes in the 
curves before and after the parameter 
modification were compared to the curves 
obtained from a Stradivarius violin. Additionally, 
a scanning of the top plate with the help of a 
LDV was performed after the modification and 
the behavior of the top plate was analyzed. 
 Results show that while the violin 
improved at the lower frequencies in terms of 
sound radiation and quality of timbre due mainly 
to the bass bar replacement and the peaks near 
the string resonances, the higher register was 
affected due to a loss in the balance of mass in 
the top plate, even though the plate supposedly 
had been adjusted to the standard measurements 
according to a luthier. 
  
 

INTRODUCTION 
1. Construction of the Violin 
The violin can be regarded as having two main 
parts: the acoustic amplifier, (the violin body) 
and the strings and everything that holds them 
such as the neck, tuning pegs, tailpiece and 
bridge. The typical weight is between 400 and 
450g including the chin rest and most of the 
measures in size vary very little so the violin will 
“feel right” for playing [2].  The main parts of a 
violin are shown in Figure 1.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Main Parts of a Violin, diagram 
provided by Atelier Labussiere [5]. 
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The body is made of three main parts, the top 
plate is arched and made of spruce and it’s where 
the f-holes are carved in, it’s strengthened by the 
bass bar and supported by the soundpost. The 
edges of the top plate are glued to the maple ribs 
with six blocks: an upper and lower one and four 
corner blocks; on the other side, the maple back 
plate, also slightly arched is glued. The 
soundpost is adjusted in between the plates, and 
its position can be adjusted if necessary. 
 The violin body gives two types of sound 
amplification, first, it acts as a sound radiator for 
sound relative to the strings given that the 
vibrations of the strings result in the vibrations of 
the body walls, and second, it gives extra 
amplification at specific frequencies due to the 
resonances of the violin body [2]. 
 
The violin plates have many modes of vibrations, 
for several types of plates, the mode with the 
lowest frequency has two node lines, both 
approximately straight which intersect at about 
ninety degrees, Figure 2 shows the lowest 
frequency mode for a violin back, a uniform 
rectangular plate, and a sketch (with exaggerated 
amplitude) representing an instant in the motion 
of the rectangular plate [6]. 

 
             (a)                       (b)                                  
 

 
 
 
 (c) 

Figure 2 Chladni patterns for (a) the lowest 
frequency mode of a violin back, (b) the 
corresponding mode for a rectangular plate and 
(c) a sketch representing an instant in the motion 
of the rectangular plate [6].  
 
 The shaping of the back and belly plates is 
very important to the properties of the final 
instrument. Chladni patterns provide feedback to 
the maker during the process of scraping the 
plate to its final shape. Symmetrical plates give 
symmetrical patterns; asymmetrical ones in 

general do not. Furthermore, the frequencies of 
the modes of the pair of free plates can be 
empirically related to the quality of the 
completed violin.  
 
1.1 Full body Resonances 
 The resonances become more complicated 
when the violin is assembled and thus the 
frequency varies somewhat. According to Moral 
and Jansson [2], there are four major resonances 
(Figure 3) that have an important effect on the 
acoustical properties of the violin body, these are 
A0 the lowest air mode associated with the 
Helmholtz resonance at 270+7 Hz, the 
fundamental resonance averaged in this 
particular study at 420+23Hz (and usually noted 
as being at 460Hz), a “thick plate” resonance at 
505+27 Hz and the so-called “BH-resonance” 
(associated with the effect of the bridge on the 
body) at 2.7 +0.2 kHz. These of course will vary 
slightly with each violin due to its unique wood 
properties, but will act as a guidepost for the 
future study. 

 
Figure 3 Summary of major resonant 
frequencies, tones, and bandwidths, from Alonso 
Moral and Jansson) [2]. 
 Their results tell us that the top plate has 
the largest effect on the acoustic properties of the 
violin but that sometimes slight modification of 
the back plate (such as thinning) will improve the 
peaks of these resonances. This should be kept in 
mind for the purpose of this project. 
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Figure 4 Comparison of the Piezoceramic Transducer Average Power Spectrum and the Stradivarius 
frequency response curves [2]. 
 
2. Test bench construction 
 
The base was made of a plate of steel. A 
piezoelectric low weight pressure-type 
transducer (V-200 Fishman Violin Professional 
Pickup) was installed on the wing slot of the 
violin bridge; the supports where the violin was 
mounted were shoulder rest supports with 3/8”-
16 UNC screws made of plastic and rubber 
covered at the tips to help dampen vibrations 
from the violin.  Two of them were mounted on 
the plate 356mm apart and in plane with each 
other, supporting the lower and upper part of the 
violin body. 
In order to acquire the power spectrums 
SignalCalc ACE 2.0 Dynamic Signal Analyzer 
was used, the software frequency span 
adequately covers the full frequency range for a 
violin. 
 
2.1 Excitation source 
 
The most intuitive method of excitation of the 
violin is to bow a string. The frequency response 
can be determined from recording the chromatic 
scale played by a violinist. A problem seems to 
be to play each tone at equal force since the 
violinist will tend to compensate for the weaker 
tones by playing them using a greater force. 
Also, only the response at the partials of the 
played tones will be determined.   

 A method that provides good repeatability 
and is rather low cost is to attach a small magnet 
with wax to the bridge and to excite it using an 
electromagnet and electrical current (Figure 5), if 
the electromagnet is placed at a certain distance 
from the magnet waxed at the bridge and the 
circuit is then closed the magnetic pole created at 
the electromagnet end will produce a known 
force on the magnet exciting with this the violin 
bridge. This would additionally have the 
advantage of having measurements not 
influenced by the string type.  

Figure 5 Test Bench 
 

The electromagnet was fed with a sinusoidal 
swept signal (100Hz to 5kHz) from a function 
generator which was then amplified in current in 
order for the force to be sufficient to excite the 
small magnet on the bridge. 
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Figure 4 shows a comparison of the obtained 
graph with a frequency response curve obtained 
from a Stradivarius by Janssen (2) 
We can tell two important peaks from these 
graphic, the first one at 284 Hz usually 
associated with the A0 mode or Helmholtz air 
mode and the second one at 486 Hz which lies in 
the range for what was called the fundamental 
resonance according to Janssen or the T1 mode 
[1] and which roughly corresponds to the P1 
peak found on the Stradivarius curve [2]. The 
681 Hz peak appears to correspond to the P2 
peak even though the frequency is shifted since 
the shape of the curve between the 468 Hz and 
681 Hz peaks is similar to that found on the 
Stradivarius (Figure 4) and the irregularity might 
be due to the 700 Hz C4 mode being too close to 
it [1]. The BH (Bridge Hill) zone was also 
identified, however there was not a significant 
increase in admittance in that range as was 
expected although the general characteristics of 
the zone were maintained. The next step will be 
performing modifications in order to increase 
admittance in this zone and increasing the 
strength of the P1 and P2 peaks. 
 
3. Violin Plate Modification 
 
The plate was thinned in the places shown in 
Figure 6, the thickness of the plate was adjusted 
according to a luthier’s measurements taken of a 
Stradivari violin plate (Stradivari’s “Il 
Cannonne”) The bass bar was also replaced for a 
larger one. Overall the weight of the plate with 
the bass bar attached did not change, because the 
larger bar compensated the plate thinning. The 
plate merely had an increase of 2.5% in weight 
due to this. 

 
 

Figure 6 Overall changes in thickness of the 
violin plate, after thinning. 

4. Second Testing 
 
The violin was set up in the same way after the 
modifications and was again tested with the 
magnet method, Figure 7 shows the comparison 
between the second graph and the Stradivarius 
graph. 

 

Figure 7 Graph comparison of the Stradivarius 
curve and the violin after top plate modification. 
 
We can see that the 460Hz peak is consistent 
with the fundamental frequency or the P1 peak, 
the 521Hz peak is new and it appears to be 
correspondent to P2 since it’s in the correct 
frequency range however the amplitude is still 
too small for both P1 and P2. The 818Hz peak 
was not present in the first testing; instead there 
were some anti-peaks in that region, there is 
however a similar behavior as that in the graph 
around those frequencies in the Stradivarius 
curve, with the 950Hz peak being also close to 
frequency in the Stradivarius curve (Figure 7), 
the 1042Hz peak was only shifted a little from 
the first testing and corresponds to the (1,0) air 
mode. 
 
4.1 Laser Vibrometer Testing of the Top Plate 
 
The top plate mobility was also measured with a 
Polytec Scanning Vibrometer, a total of 325 
points of the top plate and fingerboard were 
measured while the violin was excited with an 
electrodynamic shaker producing a burst chirp 
signal from 0 to 10kHz on the lower part of the 
neck which was deemed the most rigid point on 
the violin, this signal was sent to a junction box 
and then amplified and connected to the 
vibrometer (Figure 9).  
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Figure 8 Average Frequency sweep from 100Hz to 5 kHz. Laser vibrometer average spectrum (above) and 
magnet-excitation average spectrum (below) comparison 
 
The violin was placed over foam supports and a 
“Wolf Forte Primo Shoulder Rest” in order to 
keep it from moving too much and in a 
horizontal position, the points were then scanned 
by a Polytec PSV-400 Scanning Head connected 
to a PSV-A-420 Geometry Scan Unit. 

 
 
 
Figure 9 Point grid and violin setup 
configuration. 
 
4.2 Average Spectrum of Burst Chirp Signal 
 
The Software generated an average spectrum of 
the top plate and fingerboard response from 0 to 
10kHz. Our area of interest is, however from  

 
100Hz to 5kHz on a logarithmic scale in order to 
be able to compare this results with both the 
Stradivarius curve and the previous testing 
method so the graph was modified to those 
parameters (Figure 8). 
The software also provides a graphic display of 
how the top plate moves on a given frequency, 
along with the phase angle, as an example, 
Figure 10 shows the top plate movement for the 
2925Hz peak.  

 
Figure 10 Violin Top plate movements at the 
2925Hz peak. Phase angle on the right. 
 
The actual movement can be seen in real time 
and from that data and the phase angle display 
we can observe how the top plate moves at a 
given frequency. 
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4.3 Graph comparison with bridge excitation 
method 
 
Comparing the signal obtained from the laser 
vibrometer with the one from the previous 
testing we can see that there are a few 
differences (Figure 9) 
On the lower frequencies the differences from 
the laser vibrometer graphic correspond to the 
movement of the fingerboard that was not taken 
into account on the lower graphic since the 
excitation was done at the bridge instead of the 
plate. After that we can appreciate three peaks at 
431, 444 and 468 Hz, whereas only a 460Hz 
peak is present in the lower graphic, this 
probably because of the sensitivity of the 
transducer that only records a rather rounded 
peak at those frequencies instead of the three 
peaks the laser can distinguish.  The next peak is 
at 531 Hz according to the laser vibrometer and 
521Hz according to the magnet method, this 
difference is just a small shift in the frequencies 
and it can be assumed that they correspond to the 
same P2 peak. From the 656Hz peak present in 
both to the 1144 Hz peak in the laser vibrometer 
graphic the behavior is similar, although the 
peaks are shifted a little. From that point 
onwards, the signal amplitude starts to decay a 
little on the magnet-method graph due to the 
limitations of the transducer but the behavior is 
very similar. Of special note is the anti peak at 
3206Hz that is present on both spectrums. From 
this we can proceed to analyze and compare the 
results from the laser scanning method to the 
previous results of the magnet-method before the 
top plate modification took place.  
  
4.4 Frequency Analysis 
 
The peaks to be analyzed and discussed will be 
the 225Hz, 287Hz, 337Hz, 431Hz, 444Hz, 
468Hz, 531Hz, 656Hz, 715Hz, 781Hz, 887Hz, 
984Hz, 1144Hz and 1321Hz, since they 
represent an important mode or exhibit singular 
behavior in the plate, after that frequency range 
the top plate behavior becomes too capricious for 
analysis and mainly represents the BH area. The 
plate will be divided so that a specific area that 
moves can be referred to in the analysis, Figure 
11 shows the plate area names that will be used 
in the following analysis. 

 
Figure 11 Plate area names used for reference. 
 
4.4.1 Top Plate behavior at 287Hz 
 
Figure 12 shows the top plate movement at 
287Hz, which corresponds to the previous peak 
at 284Hz before the plate modification. The peak 
is very small after the plate modification and the 
frequency corresponds to the first air cavity 
mode of the violin [4]. The movement is in a 
slightly alternating up and down manner, with 
the lower part of the plate moving less than the 
upper part. This is opposite the theory where the 
violin is supposed to move up and down without 
bending and is probably due to a shift in a plate 
mode frequency that is interfering with the air 
mode at this frequency. 

 
Figure 12 Top plate movement at 287Hz, 
Magnitude (left) and Phase angle (right) 

 
Figure 13 Displacement of the top plate at 287Hz 
 
Figure 13 shows that the area beneath the 
soundpost is the one that moves less, most likely 
due to the fact that the soundpost connects the 
plates and at that frequency the back plate might 
be moving out of phase with the top plate. 
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4.4.2 Top Plate behavior at 337Hz 
 
We can see from Figure 14 that the movement is 
similar to the one at 287Hz. In this case the right 
side of the plate moves out of phase with the left 
one and the fingerboard bends pivoting on the 
lower side and has little movement there. 

 
Figure 14 Top plate movement at 337Hz, 
Magnitude (left) and Phase angle (right) 
 
The lower part of the plate again moves little in 
comparison to the middle part, specially 
compared to the area outside of the f-holes and 
more particularly the right f-hole. This peak has 
little amplitude and is near the expected value of 
the “ring mode” of the top plate in which the 
center part moves out of phase with the outer 
plate. Here the movement is asymmetrical due to 
the presence of both the soundpost and bassbar 
and the ring movement only happens after 378Hz 
and until about 400Hz. 

 
Figure 15 Displacement of the top plate at 337Hz 
 
4.4.3 Top Plate behavior at 431Hz 
 
At 431 Hz the outer part of the plate moves out 
of phase with the inner part. The left side of the 
plate moves more than the right side due to the 
lack of a soundpost on the left side. The area 
outside the f-hole has a lot of movement, and the 
area below the soundpost and extending to the 
outer part of the plate moves very little in a sort 
of X shape with the area below the bass bar 
altering this movement due to the longitudinal 
rigidity the bass bar produces on the top plate. 

 
Figure 16 plate movement at 431Hz, Magnitude 
(left) and Phase angle (right) 

 
Figure 17 Displacement of the top plate at 431Hz 
 
4.4.4 Top Plate behavior at 468Hz 
 
The plate moves almost completely in phase at 
this frequency, it corresponds to the P1 peak and 
has very pronounced movement in the right side 
over where the bass bar is located. This probably 
means that there’s an important plate mode at 
this frequency which overpowers the rigidity the 
bass bar produces in this area. This peak has 
been present since the previous tests and has not 
shifted its frequency even with the plate 
modification. 

 
Figure 18 plate movement at 468Hz, Magnitude 
(left) and Phase angle (right) 

 
Figure 19 Displacement of the top plate at 468Hz 
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4.4.5 Top Plate behavior at 531Hz 
 
This peak is correspondent to the P2 peak and 
appears in the magnet method as a 521Hz peak. 
At this frequency the plate moves in a mostly 
even way, with the area below the soundpost 
being out of phase and the outside part of the f-
holes having the most displacement. The area 
below the bass bar of the violin moves in a very 
uniform way, bending at the middle; suggesting a 
bass bar mode at this frequency. 
 

 
Figure 20 plate movement at 531Hz, Magnitude 
(left) and Phase angle (right) 

 
Figure 21 Displacement of the top plate at 531Hz 
 
4.4.6 Top Plate behavior at 656Hz 
 
This frequency shows the up and down 
movement of the soundpost. The middle of the 
plate moves in phase with the sound post, while 
the outside moves less, forming a ring on the 
plate. This is probably caused by the E-string 
which is tuned at the same frequency. The 
soundpost is located directly beneath the left side 
of the bridge, where the E-string is located so 
when the string vibrates it pushes up and down 
on the bridge and therefore on the soundpost. 
The ring shape possibly indicates a plate mode 
occurring at around the same frequency. 

 
Figure 22 plate movement at 656Hz, Magnitude 
(left) and Phase angle (right) 

 
Figure 23 Displacement of the top plate at 656Hz 
 
4.4.7 Top Plate behavior at 715Hz 
 
At this frequency the lower right part of the plate 
moves a lot more than before. This is not caused 
by the soundpost since that area has little 
movement. A plate mode is probably excited at 
this frequency since all the right part of the plate 
moves in phase. The left part moves out of 
phase, while the outside part of the f-hole moves 
in an opposite direction. The area under the 
bridge has little movement. 

 
Figure 24 plate movement at 715Hz, Magnitude 
(left) and Phase angle (right) 

 
Figure 25 Displacement of the top plate at 715Hz 
 
4.4.8 Top Plate behavior at 781Hz 
 
In this case, the area with the most movement is 
the middle part of the violin, which moves in 
phase with the upper part and out of phase with 
the lower part and the outside of the f-holes. This 
type of movement is fairly symmetrical, with the 
soundpost having some influence, but most of 
the movement at the lower plate on the less rigid 
parts. The back plate probably moves in phase 
with the upper plate allowing the soundpost to be 
less restrictive to movement. 
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Figure 26 plate movement at 781Hz, Magnitude 
(left) and Phase angle (right) 

 
Figure 27 Displacement of the top plate at 781Hz 
4.4.9 Top Plate behavior at 887Hz 
 
This frequency shows more clearly how the 
lower parts of the violin have the most 
movement. The upper left part and the lower 
right part move in phase with the center of the 
violin connecting this movement. Before the 
modification there were some anti-peaks here but 
now this peak is present as the harmonic of the 
444Hz resonance. 

 
Figure 28 plate movement at 887Hz, Magnitude 
(left) and Phase angle (right) 

 
Figure 29 Displacement of the top plate at 887Hz 
 
4.4.10 Top Plate behavior at 1144Hz 
 
At this frequency the whole outside part of the 
violin is moving out of phase with the center in a 
rather symmetrical way. The soundpost and bass 
bar don’t seem to move much but don’t influence 
the rest of the plate as strongly as before. This 

peak was present with little amplitude before the 
modification and is also present after the 
modification at around the same frequency. This 
indicates it’s probably an air cavity mode; 
according to Roberts and Rossing [3] and it’s 
supposed to be present at 1190Hz, the variation 
in frequency is probably due to the slightly 
varying dimensions of the volume of air inside 
the violins tested. 

 
Figure 30 plate movement at 1144Hz, Magnitude 
(left) and Phase angle (right) 

 
Figure 31 Displacement of the top plate at 
1144Hz 
 
5. Results 
We can see that even though the graph seems to 
have gone further away from the Stradivarius 
curve than the initial graph, the frequency shift 
that took place is now more in accordance to the 
curve at the lower frequencies. The appearance 
of new peaks very near the frequencies of the 
open D and A strings probably contributed to the 
boost in sound quality of the violin. This, along 
with the bass bar replacement explains why the 
lower register of the violin sounds better after the 
modification. 
 Of particular attention are the anti-peaks 
on where the Bridge Hill area is supposed to be, 
this is probably caused by a mistake in the 
thinning of the plate, the reduced mass on the 
plate probably affected the higher frequencies 
even though it made the lower ones vibrate more. 
The plate modes were probably too separated 
from each other or canceled each other out and at 
that particular frequencies the plate has very little 
movement and therefore the violin is not 
responsive. 
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6. Conclusions 
The results of the analysis show that while the 
violin was improved at the lower frequencies in 
terms of sound radiation and quality of timbre due 
mainly to the bass bar replacement, the higher 
register was affected due to a loss in the balance of 
mass in the top plate, even though the plate 
supposedly had been adjusted to the “right” 
measurements according to the luthier. This 
indicates that the tuning of the plate should be 
done according to the stiffness and properties of 
that particular piece of wood and not based on 
thickness or measurements of other violins as a 
standard since both the treatment of the wood and 
its stiffness can make the results differ greatly from 
violin to violin. This disproves the traditional idea 
that a violin should be constructed using another 
violin as a reference for the thickness of the plates 
and supports the use of Chladni patterns or more 
precise tuning methods for the plate at specific 
frequencies, used by modern luthiers. With this, 
the wood quality can be somewhat compensated.   
 The data from the scanning vibrometer 
shows possible parts where the violin could be 
reinforced or further thinned in order to improve 
the mobility or change the way the plate moves at 
a given frequency, however, reinforcing the plate 
would be impossible unless it was done with a 
different material and this would introduce another 
variable and therefore is not viable for this violin. 
The plate could be further thinned and re-tested 
many times but the process resulted too expensive 
and time consuming to be part of the scope of this 
project and is recommended that research on this 
area continues to attain a good understanding of 
the way the top plate moves related to the mass 
change distribution on the violin.  
 Further recommendations to continue 
research in this area include additional 
modification of the top plate, modification of the 
back plate and using different rib heights in order 
to change the air volume on the inside of the violin 
and with it, shift the air cavity modes of the violin. 
A complete change of the top plate or back plate 
using wood of different stiffness is also a 
possibility although a similar study has already 
been performed by Moral and Jansson [2]. 
Modification of the bridge and soundpost position 
has proved to have little effect on the spectrum, 
although a moderate to high impact on sound 
radiation and quality according to Jansson [2]. This 
was not explored on this project due to the analysis 
being mainly of top plate vibration modes and 
using average spectrum graphs for comparison 
rather than an exhausting auditory analysis.   
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