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On the function of the violin - vibration
excitation and sound radiation.
Erik V Jansson

Abstract
The bow-string interaction results in slip-stick motions of the bowed string. The
slip motions give short strong, periodically repeated pulses. Corresponding strong
repeated pulses are, however, seldom found in a played violin tone. Experiments
show that impulse excitation of a violin results initially in a travelling wavefield in
form of a dipole motion of the top plate and a monopole motion in the back plate.
The radiation of the dipole is inefficient in spite of large vibrations, thus giving
weak radiation of the very initial sound from impulse excitations. The dipole
motion remains during a considerable time, i.e. a magnitude of half a millisecond
also for a much shorter duration of the excitation impulse. The duration of the
dipole motion is set by the initial travelling wavefield. The f-holes may play an
important role here.

Introduction
The resonances of the violin are excited by short,
strong periodically repeated pulses from the
bowed string (Cremer, 1981). But the time
histories of played violin tones seldom show the
corresponding strong repeated pulses. In
contrast, the strong repeated excitation pulses
were found in digital synthesis of violin-tone
properties by pulse excitation of resonators. The
shape and size of the excitation pulses had a very
large influence (Jansson, 1994). The excitation
pulses must be much fil tered not to dominate the
synthesised tone. The time history of the body
deflections from impulse excitation (duration 0.1
ms) of a violin has holographically been
registered (Molin et al., 1990). Initially, the
holographic registrations showed travelli ng
wavefields (durations approximately 0.5 ms), a
dipole in the top plate and a monopole in the
back plate, c.f. figure 1. Are the strong pulses
from the played string lost in the initial travelli ng
wavefield? The present investigation was made to
find a quali tatively correct answer to the question
to form a firm ground for future quantitative
investigations.

Sound recording position
The left ear of the player is the ear closest to the
violin and probably the best suited point of sound
analysis. Informal playing tests with highly
quali fied professional musicians revealed that the
quali ty of a violin is easier to judge in a small
room than in a concert hall and that it is easiest
to judge by the player. In addition, it has

Fig. 1. Sketch of cross section (in parallel with
and close to the bridge plane) through a violin
with deformations resulting from the initial
impulsive force FE, resulting forces at the
bridge feet, FB and FT. Three additional
positions are defined as RB, RT, and SPB
(Adapted from Molin et al., 1990).

been found that the left ear of a player receives a
signal about 15 dB stronger than the right ear.
The two findings indicate that the best place of
recording sound pressure signals should be at the
left ear of the player. This position will be called
left ear in the following. The left ear position was
set to 10 cm to the left of the center line of the
violin at the bridge, 13 cm above, and 16 cm
towards the viewer as seen in figure 1. The
distance from the left ear to the bass bridge foot
is approximately 22 cm and to the treble bridge
foot 1.5 cm more. The closest way from the left
ear to the sound post at the back plate (SPB) is
approximately 35 cm.
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Theoretical background
When the violin bridge is excited by an impulse
in parallel with the bridge and the top plate (the
main direction of string excitation) three sound
sources are initially obtained, see fig. 1. In the
top plate, two sources of anti-phase (at FB and
FT) are obtained (a dipole) and in the back plate a
single source (a monopole at SPB) (Molin et al.,
1990). For the impulse excitation as in fig. 1, the
top plate bulges at the treble foot and curves in at
the bass foot. The bulging and the curving in
start at the bridge feet and grows thereafter both
in height and width. The sum of bulging and
curving in is zero along the center line. The
bulging and curving in represent a travelli ng
wavefield, which is asymmetrical. After some
time, reverberating standing waves show up and
the vibrations become a mixture of symmetrical
and asymmetrical contributions.

The positions of the sources (vibration
centers) provide a possibili ty to estimate time
delays between different contributions. The time
needed for sound from the bass bridge foot to
propagate to the left ear is somewhat more than
0.6 ms, from the treble foot an additional 0.04
ms, and from the back plate at the sound post an
additional 0.4 ms. However, the picture is not so
simple. The velocity of the bending waves in the
plates are of the same magnitude as the velocity
of sound in air and thus all parts of the plates
may contribute to the sound recorded at the left
ear.

The propagation of the wavefields in the
violin body is also rather complex. The wavefield
in the top plate is clearly reflected at the f-holes.
Thus the f-holes may have a considerable
influence on the initial time history. As the violin
body is open at the f-holes, also the inside
sources may contribute. Such contributions to the
radiation can be expected to be small though.

Main experiments
Five violins were used in the experiments: L.
Bernardel 1909, EJN52 (a factory violin), H.
Sundin 1971, Niewczyk 1992, and P. Westerlund
1995.

First, the top plate vibrations (integrated
acceleration, velocity) at both bridge feet (at FB

and at FT) were measured with a PCB 309A
accelerometer. Each violin was placed horizon-
tally on top of two supports, one under the lower
end of the back plate and one under the neck-
body joint (our standard). The violin was excited
mechanically at the treble corner with a PCB 086
M37 impulse force hammer in parallel with the
upper edge of the bridge and in parallel with the

top plate, c.f. fig. 1. The hammer was arranged
in a pendulum fashion. The signals were
evaluated with a HP3562A analyser.

The duration of the excitation pulses were
now 0.5 ms from start to end for four of the five
violins (0.6 ms for the fifth). A resulting initial
motion of dipole character in the top plate was
found in all violins, a strong pulse initially at
each bridge foot but in opposite directions. The
initial pulses at the bridge feet are strong, as
shown in the example in fig. 2 (duration 0.40 ms
at bass foot and 0.26 ms at the treble foot), but
the following time history weak. The duration of
the initial pulses were on the average 0.4 ms with
a standard deviation of 0.1 ms, i.e. the clear anti-
phase motion remained during approximately 0.5
ms, a duration corresponding to the contact time
hammer-bridge and the duration of the excitation
impulse. Resonances reverberating with low
ampli tudes can be traced after the strong initial
pulses.

The time history of the sound pressure was
measured at the left ear by an Ono Sokki LA-210
sound level meter connected to the HP3562A
analyser. An example of time history of the
sound pressure at the left ear is shown in fig. 3.
During the initial 0.5 ms (corresponding to the
excitation pulse duration) a double pulse (two
dips) of sound pressure is obtained. They

Fig. 2. Vibration response (velocity) measured
at the bass foot of the bridge (at FB,, frame
above) and at the treble foot of the bridge (at
FT,, frame below) of the L. Bernardel violin
excited with an impulse at the treble corner of
the bridge.
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are followed by a positive less sharp peak. The
initial two dips and peak have smaller ampli tudes
than the maxima and minima in the following
time history. The same initial time history was
found for all five violins. A more detailed
analysis demands further experimental evidence.

Fig. 3. Sound pressure response in the position
of the left ear of a virtual player of the L.
Bernardel violin excited with an impulse at the
treble corner of the bridge

Finally, the time history of sound pressure was

measured close to a violin to seek the function of
the complete violin including top, back and ribs.
The Westerlund violin was selected and the
sound pressure was measured at 0.5 cm distance
from the closest surface in four positions, see fig.
4. The violin was hung vertically at the peg box
in a microphone stand. The distance to the
closest reflecting area was more than 1 m, i.e., no
reflections within 5 ms. At the sound post, the
initial pressure pulse is positive at the top (at FT

in fig. 1) and negative at the back (SPB). The
small i nitial negative pulse at the top plate is
likely an effect of the top plate stiffness. At the
bass side (RB), a strong positive initial pulse is
obtained. The strong positive pulse is probably
caused by “constructive interference” of in plane
motion of both plates at the bass side. Both
plates, which are arched (i.e., they are really
shells), are curving at the bass side. The
deformations result in in-plane pushing motion at
the edges of the bass-side c-bout. At the treble
side (RT), there is a weak initial pulse. This is
probably caused by “destructive interference,”

Fig. 4. Sound pressure response in four positions 0.5 cm from the P. Westerlund violin excited with
an impulse at the treble corner of the bridge. At the top plate close to the sound post (at FT, the upper
frame), at the back plate at the sound post (at SPB, the lower frame ), at the ribs in the bass side (at
RB, the left frame), and at the ribs in the treble side (at RT, the right frame).
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the back plate (curving in) is pushing and the
treble side of the top plate (bulging) is pulling.

Supplementary experiments
The main experiments raised a subquestion: Is
the duration of the excitation pulse determining
the duration of the initial travelli ng waves
(limiting the duration) or are the travelli ng waves
setting the duration of the excitation impulse (the
hitting starts the travelli ng wave and the return of
the travelli ng wave throws off the hammer)? To
find the answer, all five violins were excited with
reduced impulse duration by bowing the E-string.
The string was pushed aside at 30 mm from the
bridge by handbowing. At the release of the
string, the bow motion was stopped and only a
single string pulse was excited. This string
excitation can be regarded as a single pluck (no
motion of the bow). A strong magnet was
fastened 1 mm above the E-string, 15 mm from
the bridge. The induced voltage between the
string ends was recorded. The duration of the
excitation pulses for single slip on the E-string
are on the average 0.14 ms (earlier with hammer
0.5 ms). The initial response at the left ear
remained 0.5 ms, which is much longer than the
short excitation pulse. Thus the duration of the
initial state is set by the initial travelli ng wave
field and not by the duration of the excitation
pulse.

Thereafter, one violin (EJN52) was measured
in the standard way with some perturbations.
Sound pressure was recorded at the left ear. The
initial contribution from the back plate was
removed by removing the sound post. This
resulted in considerable differences from 0.1 to
0.35 ms, which is in line with a predicted delay
of 0.2 ms. The f-hole radiation was reduced by a
small piece of felt over each hole. Little influence
was shown initially in line with predictions.

A second experiment was made on the
importance of the f-holes. A bridge was glued to
a violin body without neck. It was first glued to
the top plate with f-holes and secondly to the
back plate without f-holes. The bridge was glued
in both cases in the “normal” position of the
bridge. The bridge was excited by the impulse
hammer with the bridge side up. The excitation
pulse was in all cases the same double pulse. The
initial impulse at the bridge feet were in all cases
in antiphase and with a duration of slightly less
than 0.5 ms, both for the top and back plate
position of the bridge. The initial sound pressure
response at the left ear (time history) was
independent of the sound post with the bridge on
the top plate (the same double pulse the first 0.5
ms, very similar with and without sound post).

With the bridge on the back plate (without sound
post) the initial sound pressure pulse became a
positive and a negative pulse and not the
previous double pulse, which indicates that the f-
holes of the top plate have a large influence (the
differences in wood properties are unlikely
sufficient to cause such a large influence).

The results and their implications are
quali tatively far-reaching. Therefore, the
measurements should be controlled carefully.
First, the frequency response of the sound level
meter used as microphone with ampli fier was
tested by comparison with a B&K 4133 (½ inch)
condenser microphone. No deviations were found
between the B&K and the Ono Sokki
microphones in the frequency response from 100
to 16 000 Hz, i.e., the presented results are not
affected by signal distortion. Secondly, the sound
pressure time history was measured at varying
distances up to the left ear. Again no differences
were found with the results using the Ono Sokki
or the B&K microphone.

Conclusion
This investigation was started to answer the
question: Why are the strong repeated pulses not
found in the played tone, which are generated in
the excitation forces from the bowed string?

Five violins were investigated. Each violin
was excited by an impulse force hammer. It
resulted in an initial pulse motion of the bridge
feet in anti-phase, i.e., a dipole motion during
approximately 0.5 ms independent of the
duration of the excitation pulse. The sound
radiation was rather ineff icient during the dipole
motion. This is to be expected. A dipole is a poor
radiator. However, radiation contribution from
the monopole excited in the back plate and the
rather complex travelli ng wavefield make a
detailed evaluation unsafe without further
evidence. The answer to the starting question is
that the weak initial response of sound to the
impulse excitation is set by the initial travelli ng
wavefield. Therefore, the strong excitation pulses
from the strings do not show in a played tone.
The wavefield in the plates is influenced by the
boundaries including the f-holes. Supplementary
experiments showed that there are both in-plane
and out-of-plane motions of the plates. The in-
plane motions of the plates give out-of-plane
motions of the ribs.
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