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the body mode, B1+, has been found to be a 
quality measure (Hutchins, 1989). In a previous 
paper, we reported on the findings on C3 and its 
relation to the construction of the violin 
(Jansson et al., 1995). We reported that the 
soundpost is close to a nodal line (slightly off 
towards the center) and that the back plate 
seems to influence the C3-corpus mode more 
than the top plate. 

In the present paper we seek answer to the 
question: What property of the C3-resonance is 
optimum for tonal quality and how is it 
achieved? We shall use the experimental 
method with bars glued externally to a complete 
experimental violin (Jansson et al., 1992). The 
bars were cut down in steps, the violin was 
tested by playing and its properties were 
measured in each step. The method has two 
great advantages. The experimental changes are 
quickly made which makes playing tests more 
reliable and the experiments can be repeated by 
gluing fresh bars in the same positions. A 
disadvantage is the difficulty to relate the bar 
heights to plate thickness, arching and material 
properties. 

Mode perturbation 
experiments 

Series 0 

An experimental violin was carefully selected 
and was adjusted in steps. (As a matter of fact, 
the experiments are an extension of those 
previously reported by Jansson et al., 1995). At 
the start, the top and back plates were slightly 
thick and heavy, 83 and 109 g, respectively. The 
resonant frequencies of the free plates were also 
slightly high. The violin properties were first 
measured with our standard method. The violin 
is laid on top of two feltcovered supports. The 
top of the bass side of the bridge is hit by a 
miniature impulse hammer (PCB086M37) and 
the resulting vibrations are recorded at the top 
of the treble side of the bridge. The vibrations 
are recorded by means of a small magnet (25 
mg) waxed to the treble side over a small airgap 
and a coil with an iron core. The induced 
voltage is proportional to the vibration velocity. 
The force and velocity signals are transformed 
into frequency responses by a HP 3562A 
analyser, c.f. figure 1 (resolution 6.25 Hz in 
frequency and a small fraction of dB in level). 
The figure shows the frequency response of a 
soloist quality violin, Stradivarius 1709. This 
violin shows the typical prominent C3-peak at 
580 Hz (and a T1-peak at 460 Hz). The C3-peak 
of the assembled violin was at 560 Hz and the 

T1 at 506 Hz. The C3 and TI resonances are 
identified by peak levels measured at the lower 
end block, where the T1-peak level always is 
the lowest. 

Previous experiments with outer bars glued 
to the top plate indicated that main effects of 
stiffening were in the middle and between lower 
and upper comer blocks, respectively. 
Stiffening between upper and lower bouts, 
respectively, gave less influence. 

Bars were glued to the outside of the top 
plate. The frequency response was measured 
with the violin hung in rubber bands, both at the 
lower end block and at the left foot of the 
bridge. The violin was excited by the impulse 
hammer held by hand close to an accelerometer 
(PCB 309A) waxed to the measuring point. 
With the resonant frequency of C3 known, the 
violin was placed on four supports with the top 
plate down over a loudspeaker and the 
corresponding Chladni-pattern was recorded at 
the C3-resonant frequency (the excitation 
frequency was slightly adjusted to give 
maximum motion at antinodes). 

Figure 2. Sketch of used crossbar positions at 
the top (left) and backplate (right). 

First bars were cut to fit the arching at three 
positions of the top plate (Fig. 2). The bars were 
cut out of guitar top blanks, i.e. spruce 4 mm 
thick. The bars were glued to the top plate and 
thereafter cut to an equal height of approxi- 
mately 6 mm. The bars were removed in four 
(or five) steps. Before and after each cutting (in 
approximately 5 min), the violin was played 
(with the soundpost in its normal position), its 
quality was rated by the player, and its 
properties were measured with our standard 
method. The measurements and the test 
playings were started with all three bars of full 
height; thereafter, the middle bar was cut to half 
height, removed and finally, the lower and 
upper bars were removed. 



Chladni-patterns were recorded of the back 
plate. The TI- and C3-modes are both efficient 
sound radiators (Saldners et al., 1995a). This 
fact and no f-holes in the back plate was a good 
start for the experiments. Initially, the nodal 
lines of C3 were mainly transversal. With the 
removal of the bars, they were shifted to the 
typical nodal lines of a violin. Without a 
soundpost, two mainly longitudinal nodal lines 
are found in the back plate. With a soundpost, 
mainly a single longitudinal nodal line appears 
near the soundpost. The perturbations of the 
nodal lines were very large. In the first two 
steps with middle bar, the patterns shifted 
between all combinations of strings and 
soundpost. As the perturbations were rather too 
large (outside the range of a normal violin), the 
analysis is mainly limited to the last three steps, 
i.e. from upper and lower bars to no bars. In 
these steps, it was found that the soundpost had 
a large influence and the strings small. In the 
last step without and with soundpost, the 
Chladni-patterns were typically those of a 
violin. There were considerable variations in 
Cladni-patterns between the third and fourth 
steps. Thus it can still be concluded that the 
property changes were large also with the upper 
and lower bars only. 

A summary of the admittance measurements 
are shown in figure 3. It can be seen that the 
frequency shifts from maximum height of bars 
to no bars follows the first expectation-the 
resonant frequencies are lowered. They are also 
lowered approximately the same amount, and in 
fact, a more detailed analysis shows that the 
resonant frequencies were independent of the 
measuring points. Looking at the figure, it can 
be seen that the shifts and endpoints are, 
however, somewhat different, indicating that the 
violin changes properties slightly during the 
experimentation. The levels are shifted approxi- 
mately the same amount and the pairs of bars in 
the figure show approximately the same end 
positions. The directions of changes are 
opposite when measured at the bass foot of the 
bridge or at the lower end block. The difference 
in direction indicate that a combination of 
modes is involved and that the combination 
changes with the removal of the bars. This 
indication is also in line with the shifts of 
Chaldni-patterns. 

The violin was played in each step and a 
judgment of its quality was given verbally. The 
player found that the violin was very bad in the 
first step with all three bars of full height. The 
quality increased in each step. In the last step, it 
was acceptable as a musical instrument and its 
tone had some color. 

Series 1 

The top and back plates were therafter adjusted 
to normal thickness, and a new bassbar was 
glued to the top plate. The plate masses were 
now 80 and 99 g, respectively. The C3 and TI 
of the assembled violin was now 544 and 494 
Hz, i.e. rather small shifts. 

In the following experiments, series 1, the 
bars were removed and the measurements were 
repeated in the same way as in series 0. The 
frequencies were again lowered as should be 
expected by the removal of the crossbars, 
perhaps somewhat more than in series 0 (Fig. 
3). The level shifts were also as in series 0. The 
measured levels were increased at the bridge 
foot but decreased at the lower end block. The 
Chladni-patterns were those typical of a violin 
without stiffening bars, cf. figure 4. Without 

Frequency shifts 
600 7 I 

Level shifts 

Figure 3. Measured C3 ranges of resonant 
fvequencies (upper fvame) and of peak levels 
(lower ffame) in series 0, I ,  and 2. Each series 
is summarised in four bars, squares mark start 
and tips end of series. The Jirst two bars 
represent measurements at the bass foot of the 
bridge with and without strings respectively, 
and the second two lines measurements at 
lower end block, with and without strings. 
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soundpost, two nodal lines are clearly found; 
with soundpost, only the line near the soundpost 
is clear. Without detailed analysis, the patterns 
in earlier steps were found to vary approxi- 
mately as in series 0. 

The player found the violin to be very bad 
initially, it was better in the second step, in the 
third step it became almost a musical 
instrument, thereafter it became a musical 
instrument and finally it was a musical 
instrument with some dynamical range. 

Figure 4. Sketch of Chladni-patterns from series 
I ,  (upper row) the violin with soundpost and 
three crossbars, two crossbars and no crossbar, 
respectively and (lower row) the same cases for 
the violin without soundpost. 

Summary 
Thus, it was found that the experimental violin 
without bars was liked the best, i.e. a violin with 
the C3 of lowest resonant frequency, of highest 
level at the bass bridge foot, of lowest level at 
the lower end block, and with a Chladni-pattern 
typical for a violin. The main interesting 
perturbations were those with crossbars just 
above and just below the f-holes. 

The results in series 1 were largely the same 
as in series 0. It seems that the parameter 
mainly influencing the quality had not been 
caught and therefore it was decided to continue 
experimenting with the back plate. 

Excessively thin back plate 

Series 2 
The back plate was thinned down excessively. 
The mass decreased to 75 g (-24%) and the 
frequency of the C3 to much lower (- 19 %), but 
the level shifts were small. The level of the TI- 

peak was considerably influenced but the 
frequency little (- 1 %). 

Three bars were glued to the top plate and 
cut down to approximately 6 mm height as 
before, cf. figure 2. The bars were removed in 
five steps, all bars full height, middle bar cut to 
half height, middle bar removed, lower bar 
removed and finally, upper bar removed. 

The Chladni-patterns looked typical for a 
complete violin (with soundpost) in the start but 
changed in unpredicted ways, difficult to 
interpret, with the different perturbations. The 
admittance measurements showed that the C3- 
resonant frequency was much lowered by 
removing the bars, a factor 2-3 larger than in 
the previous series. The level shifts were, 
however, a factor 2-3 smaller. 

The player found the violin bad to begin 
with, worse in the second step, a little of 
musical instrument in the third, an instrument 
with color but a rough tone in the fourth, and in 
the last step, it became the best, a chamber 
musical instrument. 

Series 3 
In series 3, the violin was prepared with three 
crossbars at the outside of the back plate 
without any changes of plate thickness. The 
crossbars were made in the same way as before, 
approximately 4 mm wide and 6 mm high. The 
violin was tested by an additional player in this 
series. 

The experiments were made in five steps in a 
similar way as before; first with all three bars, 
the middle bar height reduced to half, and 
completely removed. Finally, the upper bar and 
the lower bars were removed (for the second 
player, the last two steps were conducted in the 
opposite order). 

The first player found the violin bad but 
improved compared to the start of series 2. With 
the removal of the bars, it became first much 
better with some tone color, next step still much 
better, now passing as a musical instrument (the 
second player found it best in this step), less 
good in the following step, and the best in the 
last step, a sweet tone with a little of the old 
Italian timbre. 

In conclusion, it was found that the 
soundpost seems to enforce typical properties of 
a violin. Frequency shifts were large but level 
shifts were small and uncertain. The instrument 
without crossbars was liked the best, i.e. the 
lowest C3-frequency but the highest level at the 
bass foot of the bridge. Something beyond our 
control happened between series 2 and 3. The 
properties were shifted back towards properties 
of series 1. The measurements of series 2 and 3 
can and should be repeated before definitive 



control happened between series 2 and 3. The 
properties were shifted back towards properties 
of series 1. The measurements of series 2 and 3 
can and should be repeated before definitive 
conclusions are drawn from measurements. This 
applies also to the Chladni-patterns. 

Back plate stiffening and 
varied soundpost position 

Series 4 
As final experiments, it was decided to make the 
excessively thin back stiffer with only two 6 
rnm high crossbars, the upper and the lower 
ones in figure 2. Bar height should be reduced 
and different soundpost positions should also be 
tested. 

It was decided that the height of both bars 
should be reduced in three steps from full 
height, to half height to zero height. With each 
height, three soundpost positions should be 
investigated too. A normal position, a large shift 
away from the center (8 rnm) using a shorter 
soundpost, and a large shift towards the center 
(10 mm) using a longer soundpost. 

Frequencies and levels measured in admit- 
tance curves with our standard bridge excitation 
and pickup for the C3-peak are shown in figure 
5. Two conclusions are clear from the figure, 
i.e. with the perturbations introduced, the 
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Figure 5. Frequency and level of the C3 peak in 
series 4, measured in our standard way at 
bridge for the three bar heights and the three 
soundpost positions. Full lines mark sound post 
positions closer to middle (m), to normal (n), 
and closer to f-hole m, respectively. Dashed 
lines mark bars offull height (loo), half height 
(50) and zero height (O), respectively. The three 
circles mark preferred combinations for the 
player. On the level scale 0 dB corresponds to 2 
s/kg. 

Figure 6. Frequency response (velocity/force) 
of series 4 with bars removed and the three 
sound post positions: closer to the central line, 
normal position, and more away from the 
central line, respectively. Each upper diagram 
shows the level response and each lower 
diagram phase response (0 dB corresponds to 
2 skg).  

soundpost position affects mainly the peak 
level, and the back plate stiffness affects mainly 
the peak frequency. 

The violin was played and its quality judged 
in each step. Immediately before reducing the 
bar height the violin was played again to re- 
establish its properties with the soundpost in 
normal position. The bar height was thereafter 
reduced without shifting the soundpost position. 
With no crossbars, the order of the extreme 
soundpost positions were altered to minimise 
the effect of test order. 

The player preferred the soundpost positions 
shifted away from centre with full height bars 
and bars of half the height, cf. figure 6. With no 
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