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In this study, the influence of wolf suppressors on the sound of violins is assessed. By mounting a
mass on the string section between bridge and tailpiece, a tunable resonator is established, which
acts as an absorber of string and body vibrations. The resonances of a wolf suppressor depend
on its position, the mass, and other parameters, and can thus be adjusted to match the particular
requirements. The properties of a proposed wolf suppressor called “Wolf Tuner” are examined,
especially with respect to the origin of the resonances that are created by its application. The
transverse string vibrations of a mass on a string are modelled. For the asymmetric “Wolf Tuner”,
different directions, or polarisations, of transverse string vibration exhibit different kinds of motion
of the wolf suppressor, which are related to the resonances that are observed when it is mounted on
the string. From the theoretical and experimental investigations, it is concluded that not only the
mass and the damping properties, but also the geometry of the device play an important role for
for establishing the required resonances which creates additional degrees of freedom in the system.
Last, but not least, we will discuss the consequences and restrictions that our results indicate for
the successful treatment of wolf tones on bowed-string instruments.

PACS numbers: 43.75.+a

I. INTRODUCTION

For players of bowed-string instruments, the use of wolf
suppressors for reducing or preventing wolf-tone instabil-
ities has always been a kind of dilemma. Many claim
that it is only possible to reach a compromise with re-
spect to the amount of damping added by means of the
device. Damping is, on the one hand, seen as necessary
for the elimination of the wolf tone and, on the other
hand, perceived as detrimental to the overall sound of
the respective instrument.

The most common design of a wolf suppressor, which
is also considered in this study, consists of a mass that
is attached to the string section between bridge and tail-
piece (the “short” string section, as opposed to the main
string section). Various kinds of wolf suppressor masses
are available: From self-prepared pieces of rubber, or a
hard-rubber masses fixed to the string by means of a
screw mechanism, to pieces of metal only. All of these
have the method of tuning in common, which was de-
scribed by Schelleng1: By adjusting the position of the
wolf suppressor on the short string section, the resonance
of the subsystem can be controlled over a considerable
frequency range. In order to prevent wolf tones, the res-
onance is tuned to match the wolf-tone frequency. Con-
sequently, the wolf suppressor subsystem absorbs some of
the vibrational energy if the wolf tone is played. There-
fore, the concept of a tunable vibration absorber, as de-
scribed in engineering textbooks2, applies to such wolf
suppressors, although the tuning process in engineering
applications usually consists only of choosing the mag-
nitude of the added mass and the stiffness of the elastic
element. Accordingly, a string with a mass fixed at its
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center has been considered as dynamic vibration absorber
for general vibrating systems, for instance by Acar and
Yilmaz3.

The influence of a metallic wolf suppressor with rota-
tional symmetry on wolf tones has been investigated by
Debut et al.4. They found that, depending on the posi-
tion of the wolf suppressor on a cello, the susceptibility
to a wolf tone decreased to different degrees, or did not
change at all for certain positions.

Still unexplored, however, are the questions, which spe-
cific resonances are created by the wolf suppressor and
how they depend on its mounting. Providing some an-
swers to these questions is the aim of the present paper.
First we will try try to confirm what has already been
published about the working principle of wolf suppres-
sors. Then, we will concentrate on the acoustical prop-
erties they add to the respective system, rather than in-
vestigating their interaction with specific wolf tones.

The wolf suppressor we mainly experimented with was
the so-called “Wolf Tuner” by violin maker André Theu-
nis, which is described in the Belgian patent BE 1019457.
It should be noted that Theunis5 had been testing vari-
ous materials and designs for several years and believes
he has found an optimal configuration for his wolf sup-
pressor. The Wolf Tuner is a small rectangular sheet of
silver which is folded once and then slightly curved for
optimal mounting on the string. Like most other wolf
suppressors, the Wolf Tuner is attached to the lowest
string on its short section as shown in Fig. 1. Changing
the distance x0 between Wolf Tuner and bridge will yield
different resonances of the wolf suppressor subsystem.

The present paper is organized as follows: After this
introduction, we will briefly summarize the topics of sym-
pathetic vibrations of strings and coupled oscillations in
general, both closely related to our subject. In the fol-
lowing section, we investigate and discuss how the reso-
nances added by the wolf suppressor depend on its loca-
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1FIG. 1. The “Wolf Tuner” installed on a violin. Due to its
slightly curved shape - as seen in the view from below in the
right upper corner - it can be tightly clamped onto the string.

tion along the short string section. A theoretical model
for this dependence is developed and compared with the
observed behavior. Additional parameters of the Wolf-
Tuner mounting are studied, namely its height relative
to the string and its angle with respect to the excitation
direction. The results are discussed in order to identify
the origins of the detected resonances. We report ex-
periments in which the main string section is excited by
bowing or by plucking. Here, the influence of the short
string section with attached wolf suppressor is assessed.
Finally, we present some conclusions and an outlook to
further investigations.

A. Sympathetic vibrations of strings

Sympathetic vibrations of strings and string sections
are an inherent phenomenon of stringed musical instru-
ments. Coupling between strings is usually established by
a common bridge or a common resonator. We can distin-
guish two cases of sympathetic string vibrations. Either
the already available strings (or sections of them) vibrate
in a sympathetic fashion, as long as they are undamped,
or additional “aliquot strings” are installed on the instru-
ment for this purpose. The latter are not intended to be
excited directly. Aliquot strings act as mere resonators
for enhancing the sound when other strings are played.
To give a few examples, such additional strings can be
found on the Blüthner grand piano, the viola da gamba
or the Indian instruments sitar and sarangi.
Furthermore, an existing instrument design can be de-

liberately modified in such a way that sympathetic vibra-
tions become possible. This is the case for the Steinway
grand piano on which the so-called front and rear “duplex
strings” are exploited6. These are the terminating sec-
tions of each string, which are separated from the main
section by the bridge and the agraffe, respectively. They
are supposed to be in harmonic length relations with the
excited main section and are supposed to perform sym-
pathetic vibrations when the main section is excited.
In each of the configurations described above, the sym-

pathetic vibrations have a different influence on the pro-

duced sound. On the violin, for example, the sympa-
thetic vibrations of a string other than the bowed string
will attenuate the radiated sound of the common har-
monics of sympathetic and bowed string7,8. Thus, damp-
ing the sympathetic strings will immediately and audi-
bly restore the complete sound spectrum, which also in-
creases the sound pressure level. On the other hand, it
has been shown that at least the front duplex strings in
a Steinway piano can increase the amplitude of all har-
monics and prolong the decay of a played note, while
also adding their own harmonic content6. A similar en-
hancement has been found for pianos when the sustain
pedal is activated, which leaves all strings free to vibrate
in resonance9. These differences between violin and pi-
ano need not necessarily be a contradiction, especially if
the different excitation mechanisms, coupling conditions,
and vibration modes are considered.
It will be necessary to examine the question (already

posed by Hutchins7) how the resonances of “adjacent”
string sections influence the radiated sound. Are these
resonances added to the sound, or are they subtracted
from it? For the case of the wolf, we would hope that
energy transfer from the string is split between body and
adjacent string section, which would reduce the wolf in-
stability.

B. Admittance spectra of coupled resonators

The coupling of an excited vibrating system and a res-
onator with almost equal resonance frequency yields a
distinct behavior in the frequency domain. The overall
mechanical admittance of the coupled systems strongly
depends on the respective damping and on the coupling
strength. The main feature, however, is that the two res-
onances are not simply superimposed in the admittance
spectrum, but a separation (splitting) of the two origi-
nally identical frequencies is found instead, which leaves
an interval of zero (in the case of zero damping) or low
admittance in between, cf. Fig. 2. The gap is centered
around the original common resonance frequency of the
separate subsystems.
This behavior is similar for coupled harmonic

oscillators2, pendula11 or for the coupling between strings
and body resonances in musical instruments12,13. In fact,
it could be the reason for the appearance of wolfnotes in
the first place: The interaction of the bowed string and
a strong body resonance of equal frequency can lead to
the creation of the observed splitting of the resonance. In
one interpretation14,15, the beating between these closely
spaced resonances is said to constitute the unpleasant
howling sound that is called a wolf. It should, how-
ever, be mentioned that this view is not supported by
all researchers. Especially Raman16 and Woodhouse17

describe the wolfnote as a periodic alternation between
two dynamic regimes of the bowed string, which is trig-
gered by the energy drain of a strong body resonance. In
particular, the minimum bow force is found to be much
higher at strong body resonances, which initially facil-
itates the transition from normal Helmholtz motion to
higher modes17.
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FIG. 2. Based on a figure from Güth10: Normalized admit-
tance spectrum of a body resonance coupled to a wolf sup-
pressor; body resonance and wolf suppressor are tuned to the
same frequency ω0. As damping of the wolf suppressor in-
creases (from curves a through d) the two resonances, into
which the system is split at low damping (a, b), merge into
one at the common frequency ω0 (c, d).

Moreover, the coupling between the tuned wolf-
suppressor subsystem on the violin and the bowed string
section also leads to the creation of two side lobes around
the original resonances. The phenomenon has been in-
vestigated by Güth10 by means of an equivalent electrical
circuit analysis, in which he tried to assess the influence
of the damping provided by the wolf suppressor. For the
idealized equivalent electrical system, he could show that
the side lobes become more and more flattened with in-
creasing damping, until they merge into a single peak at
the position of the common original frequency, cf. Fig. 2.
Overdamping of the wolf suppressor would lead to nearly
undisturbed bowed-string vibrations. But there is an in-
terval of the damping level in which one or two peaks
appear in the admittance spectrum that are flat enough
so that wolf tones have effectively been impeded.
Although we did not directly measure the damping of

wolf suppressors in this study, the mainly investigated
“New Harmony” and the “Wolf Tuner” are both made of
metal and certainly have much less damping than devices
made of rubber.

II. ACOUSTICAL PROPERTIES OF THE WOLF

SUPPRESSOR SYSTEM

In order to determine the acoustical properties of the
string section between bridge and tailpiece with attached
Wolf Tuner, we plucked the short string section next to
the Wolf Tuner with a plectrum. For each configuration,
we repeated the excitation about 20 times. Although
varying the point of excitation changed the amplitude of
the resulting resonances, we found the main features that
are described below for all positions at which we applied

the plectrum.
We recorded the emitted sound in an anechoic chamber

with a microphone located 10 cm above the violin bridge.
From the spectra resulting from each configuration, we
calculated an average spectrum. Two violins of middle-
rate quality were available for our experiments, which
yielded similar results.
We used the type of plucking in all three experiments

presented in the following section, where we concentrate
on the specific parameters of the Wolf-Tuner mounting
and on their effect on the acoustical properties. Finally,
we illustrate the interaction of the wolf suppressor on the
short string section with the bowed and the plucked main
string section with experimental results.

A. Wolf Tuner position along the short string section

1. Measurements and results

As has already been stressed, in our case the tuning is
realized by changing the position x0 of the Wolf Tuner.
Here, we defined x0 as the distance between the bridge
and the center of the Wolf Tuner, which can be measured
easily (cf. Fig.1). Nevertheless, the precision od the x0

measuremen is limited because the top edge of the bridge
is rounded and, thus, not clearly defined as a position.
The distance x0 was at first varied from 3 to 15 mm

with the 15 mm position being quite close to the silk
end-wrapping of the string. But as the results seemed
incomplete, the silk wrapping was removed later on, to
allow for a full range of Wolf-Tuner positions almost from
the bridge to the tailpiece. It was realized that removal
of the silk wrapping did not change the results noticeably
for the initially examined range of positions x0; thus, the
whole length of the string section can be regarded as
vibrating properly in spite of the wrapping.
The result is shown in Fig. 3: for comparison, the

string section was also plucked without the Wolf Tuner
attached to its short section. In the latter case, the reso-
nance of the separate short string section can be located
at 1100 Hz for the lowest string (g). The figure further
demonstrates the important phenomena that occur by in-
stalling the Wolf Tuner: Two new resonances are created
in the lower frequency range between 300 and 600 Hz.
We call these f1 (lower resonance) and f2 (higher res-
onance). They can be clearly distinguished from other
excited violin resonances as they are changing with the
Wolf-Tuner position x0.
By increasing x0 from the bridge, f1 and f2 initially

decrease, approaching a minimum at the middle of the
string section (i.e. at x0 ≈ 20mm). Further increasing x0

towards the tailpiece increases the identified resonances
symmetrically with respect to the initial decrease. This
symmetry is accompanied by a gradual attenuation of the
resonance amplitudes towards the tailpiece, especially for
the lower frequency f1. Moreover, the symmetric trend is
blurred at frequencies in the vicinity of violin resonances.
The main resonances of the violin can be identified

as linear ridges in the three-dimensional plot of Fig. 3;
the modes A0, B1– and B1+ can be seen at 282 Hz,
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without wolf tuner ✂
✂✂✍

10
15
20
25
30
35
40

P
osition

x
0

[m
m

]

400 600 800 1000 1200

Frequency [Hz]

0

0.05

0.1
Amplitude [a.u.]

FIG. 3. Spectra of plucked string section for different posi-
tions x0 of the Wolf Tuner . Two resonances that change with
position x0 can be attributed to the Wolf Tuner. In contrast,
the usual violin modes can be distinguished as their locations
are static with respect to x0.

463 Hz and 564 Hz, respectively. Interactions of these
modes with the Wolf-Tuner-induced f1 and f2 are clearly
visible, leading to some distortion of body resonances and
of the resonances originating from the wolf-suppressor
subsystem.

2. Discussion of the observed behavior

The observed generation of additional resonances in
the range of the main body resonances can provide an
effective means against annoying wolf tones. From the
theoretical description presented in the introduction, we
must be aware, however, that the interaction of a string
and a body resonance which are tuned to almost the
same frequency, may yield additional side-resonances
around the common frequency. Although we cannot
deal with the full complexity of these interactions here
(they depend on several parameters, such as the cou-
pling strength, the damping, the frequency difference,
etc.), nor discuss the observed spectra with respect to
these phenomena, we stress that the interactions are de-
cisive for the success of every wolf countermeasure. Such
questions have been carefully discussed by Güth10. It
also depends on the appearance of the wolf tone on a spe-
cific instrument (which may vary considerably) if counter
measures prevail, or to what extent they work.

In section III, “Influence on a vibrating string”, we
will further assess the effects of the wolf suppressor on
the main string under normal playing conditions. The
reasons for the fact that two resonances (f1 and f2) are
created by the application of the wolf suppressor studied
here will be discussed in the following sections on the
basis of further experiments related to this issue.
Yet, we can already exclude that we are simply deal-

ing with the first and second mode of transverse vibra-
tions of a mass on a string: The system of a rotationally
symmetric mass of length lws (here, the length of the
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FIG. 4. Spectra of the plucked string section with the wolf
suppressor “New Harmony”. Only one resonance can be
found in the lower regime between 300 and 400 Hz; a sec-
ond mode of this resonance appears around 1100 Hz.

wolf suppressor) has been theoretically discussed by Acar
and Yilmaz3 who derived the appropriate wave equation.
Solutions obeyed the following relation for the first two
modes of frequency ν1 and ν2:

ν2
ν1

=

√

3 · (l + lws)

lws
, (1)

with the string length l. The Wolf Tuner has the length
lws = 14mm along the string and the short string section
is about l = 52 mm long (l may vary, depending on how
the string termination at the tailpiece is defined). Thus,
we obtain a ratio ν2/ν1 = 3.8. Given a value of f1 = 300
Hz, for example, we should expect a second transverse
mode at around 1100 Hz – indeed, we can identify a
second series of weak resonance peaks changing with x0

around 100 Hz in Fig. 3, which, consequently, should
rather be referred to the second mode instead the one we
have termed f2 here.

3. Experiments with different wolf suppressors

The last arguments are also confirmed by the results
of the same experiment with the wolf suppressor “New
Harmony”. For that device, which is of cylindrical shape,
we only find one resonance in the range between 300 and
400 Hz, depending on the position x0, cf. Fig.4. The
second mode of this resonance can be clearly identified
around 1100 Hz, which is in good agreement with equa-
tion 1. The measurements for Fig. 4 were carried out on
a different violin on which the silk wrapping was not re-
moved, so that only half the range of x0 is available. The
mass of the “New Harmony” wolf suppressor is 1.1071
g, whereas the Wolf Tuner had a mass of 1.3050 g. It
can be concluded that the lower resonance for the Wolf
Tuner corresponds to the single resonance for the “New
Harmony” wolf suppressor.
Moreover, the eigenfrequencies of the wolf suppressors
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FIG. 5. Model for the action of a mass attached to a string:
Transverse vibrations of a mass m between two springs that
are attached to rigid walls, respectively. By changing the
position x0 of the mass, the resonance frequency of the system
can be tuned.

do not seem to play a role here, because they are differ-
ent for the “Wolf Tuner” and the “New Harmony” wolf
suppressor due to their different geometries. Also, the
eigenfrequencies were found around 10 kHz and, hence,
should not interfere in the frequency range under study.
Therefore, in our analysis, we assume that the metal wolf
suppressors are practically rigid.
A third wolf suppressor which consists of a piece of

rubber in a sheathing and is fixed to the short string sec-
tion by a screw was also examined. No resonances could
be identified in our measurements, probably because of
the much higher damping of the device in comparison
with the wolf suppressors made of metal.

4. Model for resonances

a. Mathematical formulation A model for the behavior
of a wolf suppressor on a string consists of the trans-
verse vibrations of a mass m between two springs18,19

(Ka and Kb), cf. Fig.5. The equation of motion for the
mass in the y-direction is determined by a vectorial ad-
dition of the y-components of the elastic forces exerted
by the springs. The x-coordinate, perpendicular to the
y-direction, points along the lateral unperturbed string.
In accordance with Arnold and Case18, assuming free os-
cillations of the system, we obtain the equation of motion
of an harmonic oscillator expanded by a cubic term:

ÿ = αy − βy3, (2)

where y is the transverse displacement of the mass m;
the latter is included in the constants α and β as will be
shown.
Unlike Arnold and Case, we are dealing with a non-

symmetrical system where the more general cases x0 6=
l − x0 are of interest. Therefore, we define constants
α = α(x0) and β = β(x0) that change with position x0 of
the mass (see Appendix A for more detailed calculations):

α := (λ−1 − 1) ·
K ′

m
·

(

1

x0
+

1

l − x0

)

(3)

β :=
1

2

K ′

λm
·

(

1

x3
0

+
1

(l − x0)3

)

, (4)

where l is the total length of the spring-mass-spring
system; K ′ is the stiffness of the individual springs mul-
tiplied with their respective stretched lengths at y = 0:

K ′ = x0Ka = (l − x0)Kb. (5)

Whereas the absolute stiffnesses Ka and Kb are in-
versely proportional to the respective stretched lengths
x0 and l− x0 at y = 0, K ′ is constant for a given type of
spring. Moreover, λ is the extension ratio of the springs,
i.e. the stretched length divided by the relaxed length (la
and lb) of each spring:

λ =
x0

la
=

l − x0

lb
; (6)

λ is assumed constant for all x0.
The derivation of the resonance frequency for peri-

odic solutions follows again Arnold and Case. Peri-
odic solutions are given as Fourier expansions y(t) =
A · cos(ωt) +B · cos(2ωt)+C · cos(3ωt)+ ... to be substi-
tuted into eq. (2). For small nonlinear contributions to
the equation of motion, that is for small β, we suppose
the solutions can be assumed to approach the response
of an ideal harmonic oscillator20 y(t) = A ·cos(ωt), which
– when substituted into equation (2) – yields

−ω2A cos(ωt) = αA cos(ωt)− βA3 cos3(ωt). (7)

With cos3(ωt) = 3
4 cos(ωt) +

1
4 cos(3ωt) and assuming

that the term − 1
4A

3 cos(3ωt) cancels out with the other
third-order contributions from the Fourier expansion of
y(t), we obtain

ω =

√

3

4
βA2 − α. (8)

In combination with eqs. (3) and (4), this is our model
for the x0 dependence of the frequencies f1 = f1(x0) and
f2 = f2(x0) of the Wolf Tuner subsystem.

b. Fit to experimental data; experiment with different mass

A nonlinear fit (via the Nelder–Mead simplex method
provided in the “GNU Octave” free software package21)
of the above described model (equation (8)) to the mea-
sured resonances (as shown in Fig. 3) was performed (see
Fig. 6), leaving only the parameters K ′ and A for varia-
tion. The extension ratio λ was fixed to a value of 0.997,
which was determined by measuring the length of a vio-
lin G string mounted and tuned on the instrument (i.e.
under tension) vs. its length in relaxed state. The mass
of the Wolf Tuner is m=1.3050 g. The effective length l
of the short string section was deduced from the center
of symmetry of the measured data points as l=52 mm.
Fitting curves for f1(x0) and f2(x0) were thus ob-

tained for the lower and the higher resonance, respec-
tively, and are depicted in Fig. 6. They illustrate the
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FIG. 6. Fit of eq. (8) to the measured resonances of the
Wolf-Tuner subsystem (cf. Fig. 3); the corresponding model
is illustrated in Fig. 5.

symmetrical characteristics of the resonances with re-
spect to their x0 dependence. The vertical distance be-
tween the two curves is mainly a result of different values
for the stiffness parameter K ′, namely K ′

1 = 1.9 · 104N
andK ′

2 = 2.9·104N for the lower and the higher curve, re-
spectively. The nonlinear contributions contained in the
amplitude A also differed for the two curves, A1 = 5·10−4

and A2 = 3.5 · 10−4, but remained small, as expected.
For comparison, the measurements were repeated with

an otherwise identical Wolf Tuner made of nickel silver,
which had a lower mass ofm = 0.767 g. As expected from
eqs. (8), (3) and (4) the f1 and f2 curves are shifted (by
an average of 85 Hz) for the lighter material (not shown).
With the present fitting procedure the lower mass also
resulted in slightly different stiffnesses of K ′

1 = 1.6 ·104N
and K ′

2 = 2.7 · 104N, respectively.
In order to check if the fitting parameters are realis-

tic, we now derive a theoretical value for the constant
K ′. The stiffness K of a slender bar2 of length L, cross-
sectional area A and elastic modulus E is given by

K =
EA

L
. (9)

From eq. (5) with L = x0 or L = l − x0, we thus obtain

K ′ = EA (10)

and can determine the stiffness-related constant K ′ of a
real violin G string. With a typical elastic modulus2 E =
2 ·1011N/m2 for steel and a cross-sectional area of A ≈ 5 ·
10−7m2, we findK ′ ≈ 105. This is of the same magnitude
as the values that resulted from the fitting procedure. If
we also take into account the metal wrapping of the violin
string, which probably leads to a slightly reduced elastic
modulus, the stiffnesses obtained from our model can be
regarded as adequate.

B. Height of the Wolf Tuner on the string

The Wolf Tuner can be mounted at different heights h
(cf. Fig. 7) although this is actually not intended by the

h

FIG. 7. Illustration of different mounting heights of the Wolf
Tuner on the string. In the rightmost picture the mounting
height h is defined. Changing h leads to different resonances
of the Wolf- Tuner subsystem as shown in Fig. (8).
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FIG. 8. At constant position x0 = 17mm of the Wolf Tuner
the mounting height h (cf. Fig. 7) is changed. The lower
resonance f1 of the system is independent of h while the higher
f2 reaches a minimum at medium height.

design. Nevertheless, the frequency gap between the res-
onances at f1 and f2 depends on the mounting height h as
shown in Fig. 8. For the fixed position x0 =17 mm, the
string section is plucked with the Wolf Tuner mounted at
five different heights. While the lower resonance f1 stays
the same for all mounting heights, the higher resonance
f2 approaches a minimum at an intermediate mounting
height at which f1 and f2 almost coincide. At both sides
of this minimum, the frequency gap increases more or
less symmetrically. Accordingly, the smallest and the
largest mounting heights yield approximately the same
resonance frequencies f1 and f2.

It must be remarked that the Wolf Tuner is not very
stable if it is mounted at other than the normal height
(h = 0). After every plucking of the string, the Wolf
Tuner must be readjusted to its intended height. Al-
though the mounting height will be stable under normal
playing conditions (when the main string section is bowed
rather than plucked), it is still not easy to exactly place
the device at a well-defined height such ash=0, for exam-
ple. Usually, a small gap will remain, which sometimes
leads to a non-zero angle between the string and the up-
per edge of the Wolf Tuner, as its two ends are unequally
mounted.

In view of this uncertainty, the Wolf Tuner could only
be mounted approximately at the middle of the available
height range in the following experiment, in which its
lateral position x0 has been varied as indicated in Fig.
9. Compared to the original experiment at h ≈ 0 (Fig.
3), the resonance frequencies f1 and f2 are found close
together for all positions x0, although their actual differ-
ence may vary due to the uncertainty about h.
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FIG. 9. Plucked string section at different Wolf-Tuner posi-
tions x0 for an intermediate mounting height (h =1.5 mm).
Please compare with Figs. 3 (h ≈ 0) and 8 (different mount-
ing heights at constant x0).

string
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γ

FIG. 10. Angle γ of theWolf Tuner with respect to its position
normal to the top plate.

C. Polarisation of string vibrations

1. Wolf-Tuner angle (and pluck angle)

A third parameter concerning the mounting of the Wolf
Tuner is its angle γ with respect to the direction normal
to the top plate, cf. Fig. 10. The Wolf Tuner was ad-
justed at three different angles: γ = 0◦, γ = 45◦, and
γ = 90◦; the pluck angle, however, was kept constant (as
in all preceding experiments) as far as possible, with the
plectrum held perpendicular to the top plate. The re-
sulting string vibrations will be discussed further below.

On the basis of the averaged spectra shown in Figure
11, two of which were vertically offset in for comparison,
the observation can be made that the previously identi-
fied resonances f1 and f2 of the Wolf-Tuner subsystem
are excited with different amplitudes — depending on the
angle γ. While the resonances have approximately equal
amplitude for γ = 0◦, with f2 a little weaker, at γ = 45◦

and γ = 90◦, almost only either f1 or f2 are present in
the spectrum, respectively.

0

0.05

0.1

250 300 350 400 450

N
or

m
al

iz
ed

A
m

pl
itu

de

Frequency [Hz]

γ = 0◦

γ = 45◦

γ = 90◦

FIG. 11. Resonances for different Wolf-Tuner angles γ (cf.
Fig. 10) at constant position x0 = 17 mm.

Brief discussion

From these results, we suppose that the Wolf Tuner
resonances f1 and f2 can be associated with two different
polarizations of the transverse string vibrations. Depend-
ing on γ, the asymmetrical Wolf Tuner will be subjected
to different polarisation directions of the plucked string
which vibrates in two transverse directions. How strongly
these directions are excited, respectively, depends on the
bending of the plectrum and the slipping dynamics be-
tween the string and the plectrum surface. An investiga-
tion of these phenomena for the case of harpsichord-type
plucked excitation has been made by Perng et al.22.

2. Optical observation

Further evidence in favor of the claim that the reso-
nances f1 and f2 may be assigned to two different polari-
sations has been found. A Wolf Tuner for the violoncello
was mounted on a monochord string which was plucked.
The resulting vibrations of the Wolf Tuner on the string
were filmed. Selected snapshots of the video are shown in
Fig. 12: due to a light reflection from the silver surface
of the Wolf Tuner, Lissajous curves can be observed after
plucking. The curves change their appearance with time,
exhibiting different phases. Reproducibly, during one ex-
citation there were two phases of different linear polari-
sation. The transition between the two different phases
was induced by a phase of quickly changing circular po-
larisation. The angle between the linear polarisations as
measured from Fig. 12 (c and d) is approximately 70◦

and has been found to vary with each mounting of the
device by up to 20◦ in both directions. Accordingly, the
results of changing γ can be interpreted as follows: For
Fig. 11, it could be assumed that there is an angle of 45◦

between the polarisations, for example, which would be
excited separately at γ = 0◦ and γ = 45◦.

Wolf suppressor as vibration absorber 7



a

c

b

d

FIG. 12. Snapshots of the Wolf Tuner on a string before exci-
tation (a) and at three different instances after plucking; rele-
vant features have been highlighted by means of post-editing.
The Lissajous curve of the temporary circular polarisation (b)
alternates with that of its two component linear polarisations
(c, d). These are stable for about half a second, respectively.
The two directions of polarisation probably account for the
two different resonances associated with the Wolf Tuner on
the string, cf. Figs. 3 and 6.

3. Bowing the wolf suppressor

The most striking evidence for two resonances with
different polarisations, however, is found by bowing the
Wolf Tuner itself, which is mounted on the short string
section as before. As bowing restricts the string polari-
sation to the plane parallel to the bow, this is a tool for
separating resonances that are related to different polar-
isations.
If the device is bowed parallel to its curved planar sur-

face, with the bow guided in the curvature (cf. Fig. 13
(c)), only the lower resonance f1 will be excited, which
can be clearly heard. The higher resonance is harder to
excite, although it is possible by bowing at the smaller
curved edge, i.e. the crest of the U-shaped silver sheet
(cf. Fig. 13 (b)). In this case, however, the Wolf Tuner
tends to tilt towards the former position so that the lower
resonance is heard again.

D. Discussion: Origin of the resonances

What is the reason for the two distinct resonances?
From the Lissajous curves and the fact that the two res-
onances can be excited separately by bowing the Wolf
Tuner, it is plausible that the two resonances f1 and f2
are related to two directions of transverse string vibra-
tions.
From Figs. 12 and 11, it was concluded that the two

polarisation directions are not necessarily perpendicular
to one another so that the angle between them can be
smaller than 90◦.
Under these circumstances, at least three causes for the

observed resonances may be considered. It was already
argued above that we are not dealing with the first and
second harmonics of the same vibration mode.
(1)First possible cause: we may assume different stiff-

nesses K ′ (cf. eqs. (3), (4) and (5)) for the two directions

bow bow

(a) (b)

(c)

b b b

b

center of mass

(d) (e) (f)

of wolf tuner

FIG. 13. Different directions of Wolf-Tuner motion, depend-
ing on excitation (a-c) and on mounting height (d-f). (a):
Polarisation directions of the string vibration for plucking ex-
citation. (b),(c): Bowing the Wolf Tuner in different direc-
tions on the string excites the two resonances f1 (c) and f2 (b)
separately. (d-f): Change of f2 for different mounting heights
(cf. Fig. 8): By shifting the center of mass from the cen-
ter of the string, the effective mass for transverse vibrations
is decreased, leading to higher f2 values. Probably torsional
vibrations are excited in addition (dashed arcs).

of transverse vibration: In the direction of the resonance
at f1 (cf. Fig. 13 (c)) the string has more freedom to
oscillate, i.e. a lower effective stiffness, compared to the
direction of the resonance at f2 (cf. Fig. 13 (b)) in which
the string is restricted because of the clamping by the
rigid silver sheet (the same argument was introduced by
Benade for a similar system that consisted of a screw nut
on two rubber bands23). Incidentally, this was also the
result of numerically fitting the stiffnesses in our spring
model to the experimental data.

(2) Second possible cause: We may also argue that the
two different directions involve different moments of in-
ertia because the mass distribution with respect to an
imaginary rotational axis is obviously different. How-
ever, this argument is in contradiction with the results
of changing the mounting height (cf. Fig. 8): For an in-
termediate mounting height, there should be a maximum
(not a minimum) of the resonance at f2, as shifting the
center of mass of the Wolf Tuner away from the string
can only lead to an increase of the moment of inertia (cf.
Fig. 13 (d,f)) and thus to a decrease of frequency. Sim-
ilarly, different stiffnesses can also not account for the
effect caused by changing h, as changing the mounting
height will hardly lead to noticeable differences in stiff-
ness because of the design shown in Fig. 1.

(3) Third possible cause: Without ruling out the two
previous hypothesis, another interpretation is proposed
in addition. Again, we focus on the center of mass of
the Wolf Tuner, which which does not coincide with
the string center except for the appropriate intermedi-
ate mounting height (cf. Fig. 13 (e)). For all other
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heights h (Fig. 13 (d,f)) the model consisting of a phys-
ical pendulum with its mass concentrated in the center
of mass of the Wolf Tuner can be employed: The pen-
dulum is fixed to the string and its behavior should be
investigated separately.

With this model in mind, transverse vibrations in the
direction of the resonance at f2 (Fig. 13 (d-f)) will be less
influenced by the center of mass, if it is further away from
the string center. The effective mass for transverse vibra-
tions in the f2-direction is reduced because the center of
mass of the Wolf Tuner - due to its inertia - does not fully
comply with the string vibrations. Instead, the center of
mass literally lags behind the transverse string vibration
and its motion has a smaller amplitude. Because of the
inertia of the off-center part of the Wolf Tuner, torsional
vibrations are excited — as also illustrated in Fig. 13 (d,
f). But this does not mean that the resonance at f2 is
caused by torsional string vibrations.

The resulting reduction of the effective mass for trans-
verse vibration should lead to an increase of frequency
f2, which is in agreement with the f2 values measured at
different mounting heights. Moreover, no such effect is
present in direction of oscillation at f1 because the cen-
ter of mass stays collinear with the transverse vibration
for all h, so that no redistribution of inertia has to be
considered in this case.

III. INFLUENCE ON A VIBRATING STRING

In this section, the question posed at the outset –
whether sympathetic string vibrations add to or subtract
from the sound intensity – will be treated for the case of
the Wolf Tuner. Finally, this question is also discussed
in the context of the control of wolf tones.

A. Measurements

The lower resonance f1 of the wolf-tuner subsystem
was tuned to match the second harmonic of the open
G (196 Hz), i.e. to approximately 392 Hz. The main
string section was excited by bowing and by plucking
successively, both with and without attaching the Wolf
Tuner. Because neither excitation procedure was auto-
mated, but conducted by hand, the spectra yielded by the
experiments are of limited comparability. Nevertheless,
by normalising the signals before the frequency analysis,
the amplitudes were brought to comparable levels, and
relative statements are possible, sufficient for the present
purpose.

In addition to the microphone, thin (less than 30 µm)
piezoelectric film sensors were installed between each
bridge foot and the top plate24,25. According to their
location, the sensors are referred to as “bass” and “tre-
ble”. Thus, the radiated sound as well as the bridge feet
motions were detected. For comparison, excitations were
recorded with and without attaching the Wolf Tuner.
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FIG. 14. Bowed open G string recorded with a microphone
(left) and with sensors under the bridge feet (center and
right). Upper row: Wolf Tuner attached and placed so that
its lower resonance at f1 lies at the second harmonic of the
open G string. Bottom row: Without Wolf Tuner. Obviously,
the Wolf-Tuner subsystem absorbs a considerable fraction of
the second-harmonic contribution.
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FIG. 15. Plucked G string with (upper row) and without
(bottom row) Wolf Tuner, compare Fig. 14. Here, also, the
selective absorption of vibrational energy by the Wolf Tuner
is visible: It is tuned to the second harmonic of the plucked
note.

B. Results and discussion

Fig. 14 shows several spectra of the bowed G string
with and without the Wolf Tuner as recorded with the
microphone and with the sensors between the bridge feet
and the top plate. The respective result in the case of
plucking is given in Fig. 15. In both cases, we observe
an attenuation of the second harmonic to which the Wolf
Tuner is tuned. This is true for all three sensors: Even
in the spectra of the plucked string recorded by the bass
sensor (Fig. 15 (center)), the direct comparison of yields
a stronger amplitude of the second harmonic when the
Wolf Tuner is installed. However, with the Wolf Tuner
in place, the second harmonic is only the third largest
peak, whereas it is the second largest peak without the
device.

With the attenuation effected by the Wolf Tuner as the
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main result, a few further observations are worth men-
tioning: To begin with, it is interesting to check how the
amplitude distribution of the harmonics is shifted when
the second harmonic is suppressed by the Wolf Tuner. In
the radiated-sound spectrum of the bowed string (Fig.
14), the third harmonic seems to profit most, while at
the bridge feet, mainly the amplitudes of the fundamen-
tals are enhanced. This is different for the plucked string
(Fig. 15): Here, the microphone and the bass sensor
detect a particularly strong fourth harmonic with the
Wolf Tuner, whereas at the treble bridge foot, especially
the third harmonic becomes prominent. These exam-
ples show how sensitively the dynamics of the violin de-
pend on the input vibrations from the string, with ev-
ery particular spectral distribution and excitation mech-
anism yielding a distinctly different vibrational behavior
of bridge and body.
Another remarkable, though small, feature is found in

the third-harmonic peaks of the plucked string in Fig. 15.
The shoulder observed on the left-hand side of the third-
harmonic peak with Wolf Tuner, develops into an addi-
tional minor peak without Wolf Tuner. The appearance
of both peaks without Wolf Tuner has been theoretically
predicted by Gough12 for a string resonance interacting
with a moderate body resonance. Here, the body reso-
nance is the B1+ mode at 564 Hz (also the B1– (463 Hz)
and the A0 mode (282 Hz) are visible in the plucked spec-
tra). We emphasize these features because wolf tones are
a consequence of string-body coupling. If the B1+ mode
were the cause of a wolf instability, we could assume –
based on plucked-string features described above – that
the problem is at least reduced by the Wolf Tuner.
It must be admitted, though, that the resonances at

f1=390 Hz and at f2 ≈460 Hz are not in the direct vicin-
ity of the B1+ mode, which would conflict with the in-
terpretation of the wolf suppressor as a tunable vibra-
tion absorber. It could, however, be argued that the
shift towards the fourth harmonic at the bass side of
the bridge and the predominance of the treble-side vi-
brations at the suspicious third harmonic stabilizes the
strong string-body interaction.
In other words, the bridge motion is essentially respon-

sible for the coupling conditions between string and body.
Thus, if the bridge motion is changed for one note by the
presence of a wolf suppressor, then it should be possible
to reduce the wolf tone. In this sense, an alteration of
bridge motion is comparable to a change of bowing an-
gle, which is also said to be an effective countermeasure
against wolfs13.
Nevertheless, this remains speculative and we have not

directly examined wolf tones yet – the open G string is
not known to exhibit this phenomenon.

IV. CONCLUSIONS AND OUTLOOK

The acoustical features added to a violin by the appli-
cation of a wolf suppressor called “Wolf Tuner” have been
investigated. It was found that by changing the mount-
ing parameters of the Wolf Tuner investigated here, the
resonances of the string section between bridge and tail-

piece, where the wolf suppressor is located, can be tuned.
It is a common feature of most wolf suppressors that a re-
location on the string leads to a change of the resonance
frequency of the wolf-suppressor subsystem. A general
model for this behavior was derived and fitted to the ex-
perimental data obtained with the wolf suppressor.
Furthermore, the Wolf Tuner differs from other wolf

suppressors, as it adds two distinct resonances to the vi-
olin. The origin of these resonances was discussed on the
basis of new experiments: The two observed resonances
could be related to two different directions or polarisa-
tions of transverse string vibration. And the higher res-
onance shows a dependence on the mounting parameters
that cannot be found for the lower resonance. Particu-
larly, the effective mass of the higher resonance is reduced
if the center of mass of the Wolf Tuner is shifted from the
axis of the string, resulting in a higher frequency. By a
reasoning not yet confirmed by experiment, the resulting
transverse vibrations of the higher resonance are thought
to be associated with torsional vibrations - comparable
with a physical pendulum fixed to a vibrating string.
Thus, the disparity of the two resonances originates in
the asymmetric design of the investigatedWolf Tuner and
could not be observed for other wolf-suppressor types.
From experiments in combination with excitation of

the main string section of the violin, a rather general
observation can be stated: The string section between
bridge and tailpiece with additional mass does have an
influence on the violin sound. In particular, it acts as
a tunable vibration absorber. Thus, the string section
can be modified by a wolf suppressor in such a way that
insufficiencies of the instrument, like wolf tones, could be
reduced to a certain degree.
The next step in our ongoing investigations will be to

examine instruments with known wolf instabilities and
to find out, whether the Wolf Tuner is an efficient coun-
termeasure in the way we predicted. Moreover, some
of the assumptions that have mostly been made on the
basis of acoustical experiments will have to be checked
with additional, preferably non-contact optical measure-
ments. The design of the Wolf Tuner could be modified
and perhaps even improved with the help of our results
– which would, moreover, be essential for verifying our
interpretation. Last, but not least, we also hope to arrive
at general rules for the design of multi-purpose dynamic
vibration absorbers.
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APPENDIX A: DERIVATION OF EQUATION OF

MOTION FOR SPRING MODEL

To derive the restoring force responsible for transverse

motion, the y-components of the forces ~Fa and ~Fb exerted
on the mass by the two springs are calculated (cf. Fig.
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FIG. 16. Forces acting on the mass in the model of Fig. 5.

5). These are, respectively,

Fa,y = Fa · sin θ = Fa ·
y

√

x2
o + y2

(A1)

Fb,y = Fb · sinφ = Fb ·
y

√

(l − xo)2 + y2
. (A2)

Therein, the net forces of the springs (relaxed lengths la
and lb) are assumed to follow Hooke’s law:

Fa = −Ka · (
√

x2
0 + y2 − la) (A3)

Fb = −Kb · (
√

(l − x0)2 + y2 − lb). (A4)

The sum of the y-components Fa,y and Fb,y yields the
restoring force

Fy = Fa,y + Fb,y (A5)

= Ka · y ·





la

x0 ·
√

1 + y2

x2

0

− 1





+Kb · y ·





lb

(l − x0)
√

1 + y2

(l−x0)2

− 1



 (A6)

If y/x0 and y/(l−x0) are small, which will hold because y
is equal to the displacement of the string and thus small
compared to length of the vibrating string sections, we

can use the approximation (1 + v2)−1/2 ≈ 1− v2

2 for the
square root expressions:

Fy ≈ Kay

(

la
x0

− 1

)

−
Kala
2x3

0

· y3

+Kby

(

lb
l − x0

− 1

)

−
Kblb

2(l − x0)3
· y3 (A7)

With the relations comprised in eqs. 5 and 6 we obtain

Fy = m · ÿ (A8)

= (λ−1 − 1)K ′

(

1

x0
+

1

l − x0

)

· y

−
K ′

2λ

(

1

x3
0

+
1

(l − x0)3

)

· y3, (A9)

which corresponds to equations 2.
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10 W. Güth, “Gesichtspunkte bei der Konstruktion eines
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