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Abstract

The Musée du Quai Branly in Paris keeps a large collection of non-occidental long-neck lutes, showing a
variety of geometry and wood species, due to different making strategies. Some of them have been scarcely
documented and present missing parts or pieces. Most of them are not in playing conditions. 14 instruments
of this collection have been selected as well as 5 contemporary instruments. Their dimensions and their
vibration are compared and analysed. This study reveals that longer instruments have larger soundboards.
However, their first resonance frequency, due to the coupling between body and air vibration in the sound
box, is not necessarily lower. In addition, specific making techniques may have been adapted to longer lutes,
so that they can support higher string tension.

1. Introduction

The different musical traditions in Asia, especially those concerning long-neck lute
family in Iran and Central Asia differentiate themselves by their repertoire, playing
techniques, musical systematics, but also and very strongly by the choice that they make
in manufacturing of instruments. The article presents the results of an interdisciplinary
collaboration between acousticians on the one hand and ethnomusicologists on the
other hand. This study focuses on the organology of this family of instruments and its
relation with a traditional aesthetics. While investigating simultaneously historical and
contemporary instruments, this study provides both a diachronic perspective and a
synchronic perspective, which are complementary.

The corpus of musical instruments shows a large variety of dimensions as shown in
Fig.1. In order to establish relationships between their making characteristics and their
vibration, two sets of measurements are introduced: one concerns the dimensions of
the body, the other focuses on the instruments vibrations.

2. Materials and methods

This experimental study concerns a corpus of 19 non-occidental long-neck lutes
originating from an area that extends from Turkey in the West, Uzbekistan in the North
to Kashmir and Jammu in the East. The 14 instruments, that are part of the collection
of Musée du Quai Branly in Paris, date back from the last century, and are called
“historical instruments”. They are all provided with metal strings, except two made of
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silk and gut. Most of these lutes are not in playing conditions because the bridge is
missing, the soundboard, the sound box or the neck is cracked.

56 cm

Figure 1: Shortest and longest lutes of the corpus, from collection of Musée du Quai Branly: a- non
documented (ref. 71.1937.0.417) b-Turkish Saz (ref. 71.1975.104).

Among the five contemporary instruments, four have two strings, made of metal (one
dotar from East Khorassan and one Turkmen tamdera), silk (one Tajik-Uzbek dotar) and
nylon (one Tajik dombra). The last one is a setar from Iran, with four metal strings. They
are all regularly played. In order to group the lutes into categories, their dimensions
and vibrations are investigated.

For each instrument, the distance from nut to bridge, equal to the maximum string
vibrating length and called L.;,, is measured, as well as the length lg,, width wg, of the
soundboard and depth of the body: dg,.

In order to investigate the vibration of the instruments, three impacts are applied to the
back of the sound box, at the furthest point from the soundboard using an impact
hammer (Dytran, CA, USA) and their force is recorded via an acquisition card. A sensor
located near the treble foot of the bridge measures the acceleration normal to the
soundboard. For each impact, the ratio between the acceleration and force Fourier
transforms, subsequently called inertance spectrum, is calculated with a frequency
resolution of 0.6 Hz. Then, for each instrument, the three inertance spectra,
corresponding to the three impacts, are averaged. In addition, the sound radiated from
the instrument body is recorded by a microphone, placed 3 cm away from the bridge,
perpendicularly to the soundboard plan. Figure 2 shows the average inertance and
sound spectra recorded on an Azerbaijani lute from collection of Musée du Quai Branly
(ref. 70.2008.28.2).

3. Results

3.1 Geometry analysis

For each instrument, the dimensions of the sound box are compared to the maximum
string vibrating length. Because the shapes of instruments’ bodies have complex
geometries, as shown in Fig.1, the sound box volume is not readily calculated. For
reasons of simplification, it is estimated by an effective volume, subsequently called Vg,
equal to the product Iy, xwg, Xdgy, cf. Fig.3.
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Figure 2: Inertance spectrum (black) and sound spectrum (grey) measured on an Azerbaijani Lute from
collection of Musée du Quai Branly. The vertical dashed lines show that the frequencies of the first two peaks
in the sound spectrum coincide with peak frequencies in the inertance spectrum.

o]
o

Tz * T_ ° 30
S5 60 S E o 0
= . - e o
S %40 o e o cs o % . 20
35 o Do ° 32 o 9 *
w» e 20 o®® 3 ° e »n3 o ° 10
() [ ] o
40 60 80 100 40 60 80 100
a Lvib (cm) p  Lvib(cm)
40
xE . ° ®
SE 30 a o o = 30
hel z o =
g ' e O ® 20
3820 ¢ . o < oY -
7as . o3 e ° a b ° 10
9. ® et 8 ° 0
%0 60 80 100 40 60 80 100
Lvib (cm) J Lvib (cm)
c

Figure 3: Soundboard length (a), width (b) and depth (c), and effective volume of the sound box (d) versus
maximum vibrating length of the strings. The black circles correspond to the historical instruments and the
grey squares show the five contemporary instruments.

First, Fig.3 shows that the dimensions of the contemporary instruments, identified with
grey symbols, are compatible with those of historical instruments. In addition, Fig.3d
reveals that the effective volume of the instruments ranges over a wide interval of
values, from 3.2 L to 36.1 L.

As shown in Figs. 3a and 3b, the soundboard width and length increase with the
vibrating length Ly, and consequently the total length of the instruments. This trend
is less obvious in Fig.3c, between the sound box depth andLy,.

3.2 Vibration analysis

In string instruments, some body resonances, resulting from the coupling between
structure and air vibration in the sound box, amplify the radiated sound. Indeed, in the
measurement shown in Fig. 2, the frequencies of the two largest inertance peaks match
those of the sound spectrum.

33



Historical and Contemporary Non-Occidental Long-Neck Lutes: Relationships between Making Strategies,
Acoustic Silhouette and Musical Aesthetic

Thus, in order to investigate the acoustics of the lutes, the lowest resonance frequency,
called Helmholtz frequency, was measured on the historical instruments as well as the
contemporary dotar from East Khorassan and the setar from Iran, available for the
experiment. It corresponds to the lowest frequency where both inertance and sound
spectra reach a maximum value. Fig. 4 shows this frequency in function of the vibrating
length Lyp.-
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Figure 4: Helmholtz frequency of the instruments in function of the vibrating length Ly;p. Black and grey
symbols correspond to historical and contemporary instruments respectively.

As a result, Fig. 4 shows no clear relationship between the Helmholtz frequency and
the maximum string vibrating length, in contrast with other families of string
instruments, like violins and guitars [1]. Such diversity in the Helmholtz frequencies can
be due to a large variability in the sound holes area from one instrument to another.

4. Discussion

The study of the instrument geometry shows that the soundboard dimensions increase
as the instrument length grows, in contrast to the sound box depth. This feature tends
to enhance the acoustic radiation of larger instruments, without necessarily changing
the sound box volume. Such an adjustment may be sought by makers in order to control
both the acoustic power of the instrument and the Helmholtz frequency, due to coupled
vibrations of the body and air in the sound box.

Further, vibrating analysis shows that the Helmholtz frequency, is not tuned on a fixed
frequency and does not decrease for lutes with larger sound box volume. This result
raises the question whether makers adjust the Helmholtz resonance, while modifying
the surface area of the sound holes, in order to give a specific timbre to the instrument.

Although strings of large instruments are longer, their musical register (range of notes
that can be played) is similar to that of smaller instruments [2-3]. In consequence, the
string tension must be higher on bigger instruments, in order to compensate for the
increased vibrating length. For this reason, makers may have developed techniques to
reinforce the body.

In particular, among the 11 longer lutes, only four have a back made of ribs joined with
glue. For one of them, from Turkey (ref. 71.1973.77.662), some ribs are cracked and
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disassembled, as shown in Fig. 5. The sound box of the other long instruments is made
of one or two pieces of wood. The latter technique may allow the instrument to support
a larger string tension. For purposes of comparison, among the six shorter instruments,
three have a back made of ribs.

|
Figure 5: Sound box of a long-neck lute from Turkey made of glued ribs. Some of them are cracked and
disassembled.

The tension applied to the instrument bodies also depends on the string linear density.
Thus, for longer lutes, the string material may be chosen such that the tension is lower.
Further investigations on historical and contemporary instruments will aim at identifying
other making characteristics specific to musical traditions.
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