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This paper aims to determine the equivalent static elastic constant of a cello’s top plate in the interaction
with the bridge. Experimental results detailing this constant are presented based on measuring the deformation
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1. Introduction

The main function of the cello bridge is to trans-
form the vibrations generated in the strings into vi-
brations of the top plate. The strings transmit this
vibration to the bridge at the points of contact between
the two elements, and the bridge transmits it to the top
plate through the two supporting feet. The way the
bridge performs this transmission and what its modes
of vibration are like, are central issues in the final
characteristics of the instrument and have been stud-
ied by several authors. Minnaert and Vlam (1937)
published a pioneering work, where the normal, flex-
ural, and torsional modes of the bridge were studied.
Later, in 1963, Steinkopf introduced basic mechanical
models of the bridge to obtain the frequency response
(Cremer, 1984). Bissinger (2006) carried out studies
of various violin bridges and a detailed analysis of the
bridge as a filter in the transmission of vibrations to
the top plate of the instrument. Among the works with

experimental results, Reinicke and Cremer (1970)
can be mentioned as one of the first to use optical in-
terferometric techniques to measure vibrations in the
instrument. Subsequently, Jansson et al. (1994) made
interesting contributions to the experimental analysis
of violin body vibrations and their effects on the fre-
quency response. In (Jansson, 2004) the importance
of the shape and dimensions of the bridge base and
foot on the characteristics of the coupling with the
top plate of the instrument is determined, demonstrat-
ing a correlation between the quality of the violin and
the shape of the bridge. Other researchers have ana-
lysed the frequency response of the bridge by study-
ing the admittance or mobility variables of the sys-
tem (Boutillon,Weinreich, 1999; Elie et al., 2013;
Malvermi et al., 2021). Simplified shapes of the in-
strument or some of its parts were modelled and the
frequency response was measured or simulated, taking
the bridge as a simple mass-spring system or consider-
ing more complex models (Woodhouse, 2005; 2014).

https://acoustics.ippt.pan.pl/index.php/aa/index
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In a separate line of research, the impact of the violin
and cello bridge shapes on their static and vibrational
characteristics was examined through parametric mod-
elling and simulations utilizing the finite element meth-
ods. An important point in these works is the boundary
conditions to which the bridge is subjected in contact
with the top plate of the instrument during normal op-
eration. These conditions ranged from a fixed point to
more realistic systems incorporating combinations of
springs and dampers. Several models were considered
where each foot of the bridge had up to three trans-
lational springs and three rotational springs (Kabała
et al., 2018). Lodetti’s et al. (2023) work served as
a basis for a subsequent analysis on a cello.
The primary objective of this paper was to mea-

sure the static elastic constant of the instrument’s top
plate at the contact points with each of the bridge’s
support feet. The proposal aimed to measure the value
of the elastic constant in the primary direction of dis-
placement, which is perpendicular to the instrument’s
top plate, understanding this parameter is crucial as
it plays a significant role in determining the boundary
conditions that the bridge experiences at the contact
points with the top plate.
Another goal of this study was to compare the val-

ues of the elastic constants measured at the aforemen-
tioned contact points, in two different scenarios: in the
first, when the instrument is received from the factory;
and in the second, after an adjustment made by a pro-
fessional luthier. Industrially manufactured cellos are
often assembled in music stores, and such assembly
frequently requires additional adjustments by profes-
sional luthiers. These adjustments significantly influ-
ence the elastic conditions between the bridge and top
plate. This step is crucial to ensure that the structural
and acoustic characteristics of the instrument meet
higher standards. As the measurements show, the val-
ues of the elastic constant after the luthier’s work are
considerably lower than before the adjustment, partic-
ularly at the treble foot (next to the sound post).
The experimental work was conducted on a set-

up that include the entire instrument under controlled
laboratory conditions, with measurements of the elas-
tic constant taken to assess the variation at different
points along the top plate. This variation is due to the
structural asymmetry present in both the bridge and
the instrument’s top plate. The asymmetry was influ-
enced by the curvature of the upper part of the bridge
and the stiffness disparity resulting from the position-
ing of the sound post near the treble support (‘A’ string
220Hz), and the bass-bar close to the bass support
(‘C’ string 65.4Hz).

2. Experimental setup

To obtain the values of the elastic constants, an
experimental setup was implemented to measure the

deformation of the top plate as a function of the force
applied at a series of selected points on the instru-
ment top plate. The deformation of a spring of known
elastic constant was used to measure the force and
a low coherence optical interferometer was used to
measure the deformation distances. With this exper-
imental scheme, deformation measurements were car-
ried out under different conditions and results were ob-
tained for the elastic constants at the selected points.
From these measurements it was possible to verify
a linear behaviour between the displacement and the
force in the range of values of both magnitudes to
which the instrument is subjected during its execution.
The strings used for this experiment, replacing the

original ones, are Jargar RO Classic Medium strings.
The manufacturer gives the nominal tension of each
string (C: 13.8 kg, G: 13.4 kg, D: 14.0 kg, A: 17.9 kg)
under normal tuning conditions, with the tension val-
ues of the treble strings being higher than those of the
bass strings.
The points where the top plate deformation was

measured are close to the bridge support points. To
ensure clarity, they are identified with numbers 1 to 6.
Point 1 is located next to the footrest corresponding to
the treble string (note A3 220Hz) on the tailpiece side
of the instrument. Point 2 is located on the right side of
the bridge, always seen from the tailpiece side; point 3
on the side of the fingerboard opposite to the location
of point 1 and so on in correlative order for points 4,
5, and 6 on the foot corresponding to the bass string.
Figure 1 shows the location of these points on the top
plate of the instrument.

Fig. 1. Strain measurement points indicated on the top
plate of the instrument.

Both, the experimental device for measuring force
and deformation and the instrument used as sample,
were mounted on an anti-vibration table that allows to
isolate the system from mechanical noise and external
vibrations. A structure was designed and constructed
to secure the instrument to the table, providing sup-
port for the components used to apply and measure the
compression force on the instrument’s soundboard, as
well as for the corresponding deformation measure-
ment system.
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2.1. Instrument fixing system

Clamping the instrument on the test table was car-
ried out with a device specifically designed with three
purposes. The first was to ensure that the instrument
is statically fixed to the table so that the deformations
measured are due exclusively to the deformation of the
top plate and not to movements of the instrument with
respect to the measuring point. The second was to
use this structure for the location of the devices in-
tended to exert and measure the force on the top plate
and the corresponding deformation measuring device.
The third was to preserve the instrument and develop
a method of attachment and mounting that would not
damage its structure.
The points where the straps are attached to the

instrument’s C’s were used as a link to the fixation
structure as they were considered to be structurally
stronger. A mechanical clamp element was designed
and constructed with separate upper and lower jaws.
The lower part is screwed to the measuring table and
the upper part presses the instrument top plate as
shown in Fig. 2. Both the lower and upper-part press
on wooden blocks covered with plush that are in direct
contact with the instrument. In this way, the instru-
ment is supported by this clamp system and no other
parts are in direct contact with the measuring table.
The points set out in the four blocks are the only el-
ements linking the instrument to the measuring table.
Figure 2 shows the instrument placed on the measur-
ing table and the top plate compression system in the
measuring situation.

Fig. 2. Cello mounted on the measuring table by means
of the clamping frame.

2.2. Device for exerting and measuring forces

To exert and measure the compression force on the
top plate of the instrument, two identical mechanical
devices were designed and built to replace the original
bridge and were placed at the same support points. In
this configuration the cello is stripped of the bridge,
tailpiece, and strings. Each of these devices has a sup-
port point on the top plate of the instrument, a cy-
linder with a piston associated to a calibrated thread
of 1mm of advance per turn, and an internal spring of
known elastic constant (kR) as it is showed in Fig. 3.

Bridge foot

L

Dc

Bridge foot

Spring
Spring

Cylinder
Cylinder

Piston
Piston

Screw
Screw

1 mm per turn (L)
1 mm per turn (L)

Top plate Top plate 

Fig. 3. Device diagrams to exert and measure the compres-
sion force on the top plate of the instrument.

To exert a controlled force, the piston is rotated a cer-
tain number of revolutions (n) compressing the spring
at a distance L. At the other end of the spring, the sup-
port point exerts the same force on the instrument top
plate. As a result, it deforms and moves a distance DC ,
assuming the same behaviour that it has in the tuning
and playing process. It is convenient to define the rate
of deformation of the top plate per revolution (Apr) of
the cylinder as

Apr =
DC

n
. (1)

Considering that the calibrated thread pitch is one
millimetre per revolution (10−3m/rev) with an error
that we estimate at 1%; the distance L can be ex-
pressed as

L ±∆L = 10−3
m

rev
∗ n

±(10−5
m

rev
∗ n + 10−3

m

rev
∆n), (2)

where ∆n, the error in the number of turns, was ob-
tained from the relation that defines Apr:

∆n =
∆DC

Apr
+
DC

A2
pr

∆Apr. (3)

The force exerted by the spring (FR) at both ends
can be expressed as

FR ±∆FR = (kR ±∆kR)

⋅ ((L ±∆L) − (DC ±∆DC)) , (4)

where kR, the elastic constant of the spring, was ob-
tained by measuring the stretch produced by a series
of standard weights in the range of values comparable
to the stretch measured in tuning.
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The average of these measurements, taken as the
final value with a relative error of 1.6%, was

kR = (6100 ± 100)
N

m
.

2.3. Deformation measurement
with an interferometer

Deformation measurements of the top plate sur-
face were made using frequency domain optical coher-
ent tomography (FD-OCT) with a Fizeau-type fiber
optic configuration (Vakhtin et al., 2003), as shown
in Fig. 4a. This configuration allows measurements at
points close to the feet of the bridge and allows si-
multaneous measurement of the deformation at two
points. The interference between the optical reflection
generated at the end of each optical fibre (Fa and Fb)
and the reflections on the cello top plate allow to deter-
mine the distances between the end of the fiber and the
top plate (Da and Db) as shown in Fig. 4b. Da rep-
resents the distance measurements taken at points 1
and 6, while Db represents the same measurements for
points 4 and 3. The distances at points 2 and 5 were
calculated as the average of the distances measured
at 1 and 3, and 4 and 6, respectively.
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Fig. 4. a) Interferometer schematic. The light emitted by
the S-LED source is coupled to the beam splitter (BS 50:50)
whose outputs, fibers Fa and Fb, illuminates the cello top
plate. Da and Db are the distance between each fiber and
the top plate. Beams reflected are coupled back into the
fibers and sent to the detector through the fiber Fo; b) im-

age of the optically instrumented cello.

3. Results

The process of measuring and determining the elas-
tic constants of the top plate was carried out in three
stages.

In the first stage, only the nominal displacements
of the top plate produced by the bridge pressure un-
der normal tuning conditions were measured. Defor-
mation measurements were obtained at points 1, 3, 4,
and 6 with the instrument mounted with tailpiece and
strings. The deformation values at points 2 and 5 were
obtained as the average of the values measured at 1
and 3, and 4 and 6, respectively. Measurements under
tuning conditions were made by allowing the instru-
ment to rest and noting that after about eight min-
utes the stabilisation of the deformation was essentially
definitive within the instrumental resolution. A mea-
surement immediately after compression and a second
measurement after eight minutes of rest were taken as
the norm.
In a second stage, the bridge and strings were re-

placed by a calibrated spring system. The forces ap-
plied with this system corresponded to deformation
values equal to those obtained in the first stage. In
this way, the values of force and deformation were ob-
tained simultaneously in similar conditions to those
achieved in the normal use of the instrument.
In a third stage the same measurements and re-

sults are presented as in the second stage but after
the luthier has adjusted the instrument. The objective
is to compare the values of the elastic constant before
and after adjustment.

3.1. First stage – Measurement of deformation
imposed by the tuning of strings
(before luthier’s work)

Table 1 presents the measurements of top plate de-
formation (DC) produced during the tuning process in
points 1, 3, 4, and 6.
The values labelled ‘free’ represent the measure-

ments of distances (Da or Db) taken before tuning. In
this state, the strings were completely slack, positioned
between the pegs and the tailpiece, and resting on the
bridge without any tension. This condition was main-
tained for more than eight minutes to ensure the top
plate was free of residual tension. Measurements were
then taken at points 1, 3, 4, and 6 near the bridge sup-
ports, establishing a baseline reference position. This
static state served as the zero point for quantifying
deformation caused by string tension after tuning.
The values in the column ‘tuning 1’ corresponds

to the first measurement of the same distances (Da or
Db) taken immediately after tuning the four strings.
Eight minutes later a second measurement of the same
distances was taken, referenced as ‘tuning 2’, and ad-
justed the four strings again with the micro tuning
screw to obtain ‘tuning 3’, which was considered as
the final measurement of distances resulting from tun-
ing. This procedure was performed three times (mea-
sures 1, 2, and 3), at each of the points of the top plate.
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Table 1. Absolute displacements and deformation at points 1, 3, 4, and 6 during tuning process.

Type Free [µm] Tuning 1 [µm] Tuning 2 [µm] Tuning 3 [µm] DC−T1 [µm] DC−T2 [µm] DC−T3 [µm]

a) absolute displacements and deformation at point 1 during tuning process

Measure 1 789 1252 1245 1256 463 456 467

Measure 2 797 1255 1252 1260 458 455 463

Measure 3 798 1248 1245 1272 450 447 474

Average 794.7 1251.7 1247.3 1262.7 457.0 452.6 468.0

Error 2.8 2.0 2.3 4.9 3.9 2.9 3.3

b) absolute displacements and deformation at point 3 during tuning process

Measure 1 712 1394 1389 1402 682 677 690

Measure 2 717 1396 1394 1409 679 677 692

Measure 3 716 1414 1411 1419 696 695 703

Average 715.0 1401.3 1398.0 1410.0 685.7 683.0 695.0

Error 1.6 6.6 6.9 5.1 5.4 6.2 4.2

c) absolute displacements and deformation at point 4 during tuning process

Measure 1 1132 1790 1787 1803 658 655 671

Measure 2 1134 1796 1791 1807 662 657 673

Measure 3 1137 1807 1805 1816 670 668 679

Average 1134.3 1797.7 1794.3 1808.7 663.3 660.0 674.3

Error 2.6 5.1 5.6 4.0 3.6 4.1 2.5

d) absolute displacements and deformation at point 6 during tuning process

Measure 1 1240 1888 1877 1891 648 637 651

Measure 2 1249 1897 1889 1906 648 640 657

Measure 3 1249 1886 1880 1907 637 631 658

Average 1246.0 1890.3 1882.0 1901.3 644.3 636.0 655.3

Error 3.1 3.5 3.7 5.3 3.8 2.7 2.3

The values of deformation referenced as ‘DC−T1’,
DC−T2’, and ‘DC−T3’ were obtained as the difference
between ‘tunings 1, 2, 3’ and ‘free’ measurements, re-
spectively. The average was taken as the representative
value. The final error was obtained from the standard
statistical error of the three deformations as indicated
in the last column of the table, in the same way as all
the errors indicated in the last row. The final tuning
deformation result, utilized in subsequent calculations,
is underlined.

3.2. Second stage – Measurement of deformation
imposed by the spring compression system

(before luthier’s work)

At this stage, the bridge and strings were replaced
by a system of calibrated springs to apply and measure

Table 2. Deformation measurements (DC), number of revolutions (n), and the rate of advance per revolution (Apr)
in each series of measurements.

Point 1 Point 3 Point 4 Point 6

Measure 1 – DC (n) 483µm (14 rev) 720µm (19.5 rev) 721µm (9.5 rev) 674µm (9.5 rev)

Measure 2 – DC (n) 482µm (14 rev) 694µm (20 rev) 683µm (9 rev) 675µm (9.5 rev)

Measure 3 – DC (n) 478µm (14 rev) 724µm (20.5 rev) 675µm (9 rev) 656µm (9 rev)

Measure 1 – Apr 34.50µm/rev 36.92µm/rev 75.89µm/rev 70.95µm/rev

Measure 2 – Apr 34.43µm/rev 34.70µm/rev 72.56µm/rev 75.00µm/rev

Measure 3 – Apr 34.14µm/rev 35.32µm/rev 75.00µm/rev 72.89µm/rev

Average – Apr (34.36 ±0.11)µm/rev (34.65 ±0.66)µm/rev (74.48 ±0.99)µm/rev (74.95 ±1.65)µm/rev

forces on the instrument. The deformation values (DC)
obtained in the previous stage were used as a reference
to determine the necessary force that must be applied
with the spring system in order to generate similar de-
formations. To apply the required force in each point, it
is necessary to determine the value of the relative rate
of deformation per revolution (Apr) and the number of
revolutions (n) of the cylinder of the spring device. To
obtain these values each spring was compressed three
times simultaneously at the points 1, 3, 4, and 6 and
left to rest for eight minutes after each adjustment to
make the measurements comparable to those made un-
der tuning conditions. Table 2 summarises the three
measurements at each point indicating the compres-
sion in microns and the number of revolutions between
brackets. The average rate per revolution values is re-
ported in the same table.
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The equivalent elastic constant of the top plate
(kT ) can be defined as

FT = kTDC . (5)

It is assumed that the elastic force exerted by the
top plate ‘FT ’ is the same as that exerted by the cali-
brated spring ‘FR’, then:

FR = FT = kTDC = kR(L −DC). (6)

So, it is possible to obtain the equivalent elastic
constant of the top plate and its error as

kT ±∆kT =
FR

DC
± (

∆FR

DC
+

FR

D2
C

∆DC). (7)

Finally, we have the results summarised in Table 3.
We estimate the value of the equivalent elastic con-

stant of the top plate under the support of the foot
as the average between the values measured at points 1
and 3 for the La (A) and for the Do (C) string:

kT (A) = (171 ±12) kN/m,

kT (C) = (75 ±5) kN/m,

with relative errors in the order of 8% and 7%, respec-
tively.

Table 3. Synthesis of results at points 1, 3, 4, and 6 for top plate deformation (DC), relative advance per turn (Apr),
estimated number of revolutions to equalize deformations (n), displacement length of the calibration spring (L), force

exerted by the spring (FR), equivalent elastic constant of the top plate (kT ), and its relative error (ER).
Point 1 Point 3 Point 4 Point 6

DC [µm] 468.0 ±3.3 695.0 ±4.2 674.3 ±2.5 655.3 ±2.3

Apr [µm/rev] 34.36 ±0.11 34.65 ±0.66 74.48 ±0.99 74.95 ±1.65

n [rev] 13.62 ±0.14 20.06 ±0.51 9.05 ±0.16 8.74 ±0.23

L [mm] 13.62 ±0.27 20.06 ±0.71 9.05 ±0.25 8.74 ±0.32

FR [N] 80.2 ±3.0 118.1 ±6.2 51.1 ±2.4 49.3 ±2.7

kT [kN/m] 171.4 ±7.6 169.9 ±9.9 75.8 ±3.9 75.2 ±4.4

ER [%] 4.4 5.8 5.2 5.9

Table 4. Mean deformation with standard and percentage error after luthier’s intervention.

Point 1 Point 3 Point 4 Point 6

Average – DC 513.0 ±4.3µm 729.7 ±6.5µm 910.7 ±5.0µm 859.7 ±12.7µm

Table 5. Deformation measurements (DC), number of revolutions (n), and the rate of advance per revolution (Apr)
in each series of measurements after the luthier’s intervention.

Point 1 Point 3 Point 4 Point 6

Measure 1 – DC (n) 574µm (13 rev) 736µm (14 rev) 931µm (11 rev) 888µm (11 rev)

Measure 2 – DC (n) 530µm (13 rev) 760.9µm (14 rev) 969µm (11.5 rev) 855µm (11 rev)

Measure 3 – DC (n) 522µm (13 rev) 750µm (14.5 rev) 926µm (11 rev) 848µm (11 rev)

Measure 1 – Apr 44.16µm/rev 52.57µm/rev 84.64µm/rev 80.73µm/rev

Measure 2 – Apr 40.77µm/rev 54.35µm/rev 84.26µm/rev 77.73µm/rev

Measure 3 – Apr 40.15µm/rev 51.72µm/rev 84.18µm/rev 77.09µm/rev

Average – Apr (41.69 ±1.27)µm/rev (52.88 ±0.79)µm/rev (84.36 ±0.15)µm/rev (78.52 ±1.14)µm/rev

3.3. Third stage – Measurement of deformation
imposed by the spring compression system

(after luthier’s work)

In this section, we present the same measurement
and calculus procedure as in the second stage but after
the work done by a professional luthier adjusting the
position and length of the sound post.
The appreciation of the luthier as soon as he worked

on the instrument was that the sound post was ‘too
rigid’ and that he had to shorten its length and posi-
tion. After luthier’s work we measured the static elas-
tic constants again noticing that the values obtained
were considerably smaller than before, especially in the
treble foot (next to the sound post).
Table 4 shows the final deformation measurements

of the strings during the tuning process after an inter-
vention of a luthier consisting in the adjustment of the
sound post location.
Table 5 repeats the results presented in Table 2

after luthier’s intervention.
Table 6 presents a summary of the results obtained

after the luthier’s intervention. The last row shows
a new magnitude, the stiffness reduction (Sr), defined
as the percentage relative difference in kT before (sec-
ond stage) and after (third stage) luthier’s interven-
tion. It is clear that the most remarkable reductions
occur at points 1 (18%) and 3 (36%), where the sound
post has the greatest influence.
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Table 6. Synthesis of results at points 1, 3, 4, and 6 for top plate deformation (DC), relative advance per turn (Apr),
estimated number of revolutions to equalize deformations (n), displacement length of the calibration spring (L), force
exerted by the spring (FR), equivalent elastic constant of the top plate (kT ), relative error (ER), and stiffness reduction (Sr)

after the intervention of the luthier.

Point 1 Point 3 Point 4 Point 6

DC [µm] 513.0 ±4.3 729.7 ±6.5 610.7 ±5.0 859.7 ±12.7

Apr [µm/rev] 41.69 ±1.27 52.88 ±0.79 84.36 ±0.15 78.52 ±1.14

n [rev] 12.31 ±0.48 13.80 ±0.33 7.24 ±0.08 10.95 ±0.16

L [mm] 12.31 ±0.60 13.80 ±0.47 7.24 ±0.15 10.95 ±0.27

FR [n] 72.0 ±4.9 79.7 ±4.3 40.4 ±1.7 61.6 ±2.8

kT [kN/m] 140.4 ±10.8 109.2 ±7.3 66.2 ±3.4 71.7 ±4.32

ER [%] 7.7 6.7 5.1 6.0

Sr [%] 18 36 13 5

We estimate the value of the equivalent elastic con-
stant of the top plate under the foot support corre-
sponding to the string La (A) and Do (C):

kT (A) = (125 ±15) kN/m,

kT (C) = (69 ±6) kN/m,

with relative errors in the order of 12% and 9%, re-
spectively.

4. Conclusions

An experimental system was developed to measure
the force and displacement of the cello’s top plate at
points near the bridge supports and estimate its static
elastic constant. Key findings and contributions are
summarized as follows:
– measurement methodology:

a) top plate deformation was measured using
low-coherence interferometry, a non-contact
optical technique with sub-micron resolution;

b) the force was applied and measured us-
ing a calibrated spring system mounted on
a custom-designed device, ensuring mini-
mal spurious deformations and compatibility
with standard instrument fixtures;

– phase 2 results:

a) before the luthier intervention, the measured
static elastic constant (kT ) varied signifi-
cantly across the different points [kN/m]:

* point 1: kT = 171.4 ±7.6,
* point 3: kT = 169.9 ±9.9,
* point 4: kT = 75.8 ±3.9,
* point 6: kT = 75.2 ±4.4;

b) error (ER) values ranged from 4.4% to 5.9%;

– phase 3 results:

a) after professional adjustment of the sound
post by luthier (who identified excessive
rigidity and corrected its position and

length), significant reductions in kT were ob-
served, particularly at point 3 [kN/m]:

* point 1: kT = 140.4 ±10.8 (↓ 18%),
* point 3: kT = 109.2 ±7.3 (↓ 36%),
* point 4: kT = 66.2 ±3.4 (↓ 13%),
* point 6: kT = 71.7 ±4.3 (↓ 5%);

b) ER values increased slightly (6.0% to 7.7%);

– impact of the luthier’s intervention:

a) the most pronounced stiffness reductions oc-
curred near the treble foot up to 36% in
point 3 (string A, adjacent to the sound
post), emphasizing the importance of proper
sound post positioning and adjustment for
achieving optimal elastic properties.

These findings provide valuable insights for cello
setup optimization and serve as a reference for mod-
elling the bridge using the finite difference methods.
Future work will focus on refining measurement tech-
niques, extending the analysis to additional instru-
ments, and correlating elastic properties with acoustic
performance.
This work highlights the significant contribution

that the intuition and expertise of luthiers can make to
scientific research aimed at understanding the func-
tioning of musical instruments. Collaborative work,
combined with the use of new techniques and scien-
tific methods, offers the potential to provide objective
insights into subjective aspects, thereby fostering the
generation of new knowledge.
The results obtained using low-coherence interfer-

ometry suggest that this technique is highly suitable
for measuring deformation at different points of the
top plate. This paves the way for future studies focus-
ing on other elements of the instrument.

Acknowledgments

We would like to thank luthier Fabián Santillán
for his kindness and willingness to collaborate on the
adjustments of the cello.



242 Archives of Acoustics – Volume 50, Number 2, 2025

References

1. Bissinger G. (2006), The violin bridge as filter, The
Journal of the Acoustical Society of America, 120(1):
482–491, https://doi.org/10.1121/1.2207576.

2. Boutillon X., Weinreich G. (1999), Three-dimen-
sional mechanical admittance: Theory and new mea-
surement method applied to the violin bridge, The
Journal of the Acoustical Society of America, 105(6):
3524–3533, https://doi.org/10.1121/1.424677.

3. Cremer L. (1984), The Physics of the Violin, The MIT
Press, England.

4. Elie B., Gautier F., David B. (2013), Analysis of
bridge mobility of violins, [in:] Proceedings of the Stock-
holm Music Acoustics Conference 2013, pp. 54–59,
https://hal.science/hal-01060528 (access: 3.06.2024).

5. Jansson E.,Molin N., Saldner H. (1994), On eigen-
modes of the violin – Electronic holography and ad-
mittance measurements, The Journal of the Acoustical
Society of America, 95(2): 1100–1105, https://doi.org/
10.1121/1.408470.

6. Jansson E.V. (2004), Violin frequency response
– Bridge mobility and bridge feet distance, Ap-
plied Acoustics, 65(12): 1197–1205, https://doi.org/
10.1016/j.apacoust.2004.04.007.

7. Kabała A., Niewczyk B., Gapiński B. (2018),
Violin bridge vibration – FEM, Vibrations in Physical
Systems, 29: 2018021, https://vibsys.put.poznan.pl/

journal/2018-29/articles/vibsys 2018021.pdf (access:
3.06.2024).

8. Lodetti L., Gonzalez S., Antonacci F., Sarti A.
(2023), Stiffening cello bridges with design, Applied
Sciences, 13(2): 928, https://doi.org/10.3390/app13
020928.

9. Malvermi R. et al. (2021), Feature-based representa-
tion for violin bridge admittances, arXiv,
https://doi.org/10.48550/arXiv.2103.14895.

10. Minnaert M., Vlam C.C. (1937), The vibrations of
the violin bridge, Physica, 4(5): 361–372,
https://doi.org/10.1016/S0031-8914(37)80138-X.

11. ReinickeW., Cremer L. (1970), Application of holo-
graphic interferometry to vibrations of the bodies of
string instruments, The Journal of the Acoustical So-
ciety of America, 47(4B): 131–132, https://doi.org/
10.1121/1.1912237.

12. Vakhtin A.B., Kane D.J., Wood W.R., Peter-
son K.A. (2003), Common-path interferometer for
frequency-domain optical coherence tomography, Ap-
plied Optics, 42(34): 6953–6958, https://doi.org/
10.1364/AO.42.006953.

13. Woodhouse J. (2005), On the “bridge hill” of the vio-
lin, Acta Acustica united with Acustica, 91(1): 155–165.

14. Woodhouse J. (2014), The acoustics of the violin:
A review, Reports on Progress in Physics, 77(11):
115901, https://doi.org/10.1088/0034-4885/77/11/115
901.

https://doi.org/10.1121/1.2207576
https://doi.org/10.1121/1.424677
https://hal.science/hal-01060528
https://doi.org/10.1121/1.408470
https://doi.org/10.1121/1.408470
https://doi.org/10.1016/j.apacoust.2004.04.007
https://doi.org/10.1016/j.apacoust.2004.04.007
https://vibsys.put.poznan.pl/_journal/2018-29/articles/vibsys_2018021.pdf
https://vibsys.put.poznan.pl/_journal/2018-29/articles/vibsys_2018021.pdf
https://vibsys.put.poznan.pl/_journal/2018-29/articles/vibsys_2018021.pdf
https://doi.org/10.3390/app13020928
https://doi.org/10.3390/app13020928
https://doi.org/10.48550/arXiv.2103.14895
https://doi.org/10.1016/S0031-8914(37)80138-X
https://doi.org/10.1121/1.1912237
https://doi.org/10.1121/1.1912237
https://doi.org/10.1364/AO.42.006953
https://doi.org/10.1364/AO.42.006953
https://doi.org/10.1088/0034-4885/77/11/115901
https://doi.org/10.1088/0034-4885/77/11/115901

	P. Paupy, P. Tabla, D. Huggenberger, F. Elfi, E.N. Morel, J.R. Torga, Determination of the elastic constant of the top plate of a cello in the interaction with the bridge

