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The aim of this study is to examine, through experimental methods, the effects of the bridge—
one of the replaceable components of the violin—on sound characteristics. The research is based
on the assumption that musical instrument acoustics constitute not only a musical domain but
also a field grounded in physical and engineering principles. Accordingly, the effects of bridges
made from maple with varying degrees of stiffness on the violin’s sound radiation and vibrational
behavior were analyzed. The study was conducted using a quasi-experimental model, and data
were collected through sound radiation analysis and acceleration (mobility) measurement
techniques. Measurements were carried out at the Instrument Making Laboratory of Ankara
Haci Bayram Veli University, and all bridges were manufactured using CNC technology in
standard dimensions. The obtained data indicate that bridge stiffness plays a decisive role in both
frequency response and vibration transmission. According to the findings, stiffer bridges
produce higher sound pressure levels, particularly in the high-frequency range (above 1 kHz),
whereas softer bridges provide a broader vibrational response at lower frequencies. In addition,
the increase in energy observed in the 2—-3 kHz range supports the phenomenon known in the
literature as the “bridge hill.” Acceleration analyses further revealed that the material and
stiffness of the bridge have a direct impact on the transmission of vibrational energy to the
instrument body. As a result of the study, bridge stiffness has been identified as a critical
parameter influencing both the timbre and overall acoustic efficiency of the violin. These
findings offer scientifically grounded recommendations for both luthiers and performers
regarding instrument customization and contribute to the relatively limited literature in the field
of instrument making.
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Throughout the history of music, the development of musical instruments has progressed in parallel with the evolution
of art. High-quality instruments enhance not only the technical capacity of the performer but also their musical
expression (Rossing, 2004). In this context, the sound quality of instruments plays a decisive role in individual
performance. Today, with the influence of technological advancements, instrument making has become more

measurable and standardized, allowing the construction process to be supported by scientific foundations (Fletcher &

Rossing, 1998).

Scientific studies aimed at explaining sound production in musical instruments date back centuries. Pythagoras, a
Greek philosopher who lived in the 6th century BC, conducted foundational studies on sounds produced by stretched
strings. In Ttrkiye, Degirmenli (2018) is recognized as one of the first researchers to examine such phenomena. In
addition, figures such as Galileo Galilei (1564-1642), Ernst F. F. Chladni (1756-1824), Felix Savart (1791-1841),
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Hermann von Helmholtz (1821-1894), and Lord Rayleigh (1845-1919) made significant contributions to the science
of acoustics. Since the twentieth century, violin acoustics has been examined at the intersection of engineering and
physics. Rossing (2004) systematically explained the resonance behavior of instruments, while Woodhouse (2014)
modeled the interaction between the bridge, soundboard, and body to describe sound transmission mechanisms.
Bissinger (2008) experimentally demonstrated the effect of bridge stiffness on vibration response in violins constructed
using different techniques. These findings indicate that instrument acoustics is not only a musical issue but also a
scientific problem domain.

The violin is one of the most prominent members of the string instrument family and is open to modifications due
to its replaceable components such as the bridge, pegs, strings, and tailpiece. The structural properties of these
components have significant effects on frequency response, vibration transmission, and overall timbre. In particular, the
adjustment process applied by the maker allows the sound character of the instrument to be personalized and adapted
according to the performer’s expectations.

In this study, the effect of the bridge, one of the replaceable components of the violin, on acoustic properties was
analyzed through experimental measurements, and findings are presented in the context of sound personalization. The

study aims to contribute to the field of instrument making both academically and practically.

Theoretical Framework

The violin has a highly complex structure in terms of its acoustic properties. Features such as timbre, frequency response,
and sound radiation emerge as a result of the interaction among all components of the instrument. The bridge is one of
the most critical elements, as it transmits vibrations from the strings to the body (Hutchins, 1983). The material and
stiftness of the bridge directly affect frequency transmission, thereby influencing tonal characteristics such as brightness
and fullness.

The concept of setup (adjustment) refers to the post-construction tuning of an instrument’s components. Especially
in string instruments, these adjustments are used to achieve tonal balance and desired sound quality (Cremer, 1984).
Modern luthiers support these adjustments with scientifically based measurements, achieving more predictable and
controllable outcomes. In this context, acoustic analysis techniques developed by makers such as Pierre Caradot and
Martin Schleske provide significant innovations in instrument making.

The violin bridge is a fundamental structural component in transmitting vibrational energy to the body. Rossing
(2010) emphasized that string vibrations form a complex acoustic interaction with the bridge and body system, and
therefore the bridge functions not only as a mechanical support but also as an acoustic transformer. Bissinger (2006)
demonstrated that the bridge behaves like a filter within certain frequency bands, directing vibrational energy and
altering tonal characteristics. Woodhouse (2014) associated this energy transfer process with the formation of the
“bridge-hill” resonance peak, particularly in the 2-3 kHz range. Jansson (1990), through experimental measurements,
found that bridge stiffness and material properties significantly increase sound energy transmission in higher frequency
regions. These findings provide the physical basis for the experimental comparisons conducted in this study and support
the impact of geometric and material properties of the bridge on acoustic performance.

In Ttrkiye, academic studies in the field of instrument making are still limited in number. This situation leads to a
lack of knowledge for both makers and performers and creates limitations in adapting instruments to individual
expectations. However, the studies conducted by researchers such as Dr. E. Degirmenli, A. Zeren, A. Tagoglu, C. Erkut,

and B. Bozkir serve as important references for Turkish luthiers. This study also aims to contribute to this field.

Aim of the Study

The main aim of this research is to analyze the effects of replaceable components of the violin on sound characteristics
through scientific measurements and to present these findings as guidance for both instrument makers and performers.
In this context, the study aims to contribute to the personalization of instruments, reduce the need for purchasing new

instruments for economic reasons, and provide solutions that meet performers’ tonal expectations.

40



Trirk Journal of Turkish Organology 3(1) (2026) 39-43

The significance of the study lies in demonstrating that small modifications in these components can lead to substantial
changes in sound characteristics. Furthermore, the findings may enable makers to produce components according to
specific standards, while performers can use their instruments more effectively.

Problem Statement

The effects of replaceable components of the violin (bridge, pegs, strings, tailpiece, etc.) on sound characteristics have
not yet been sufficiently clarified. The structural properties of these components influence frequency structure,
resonance distribution, and overall timbre in different ways. In this context, the present study focuses on the bridge and
seeks to answer the following sub-problems:

What is the effect of the bridge on sound character?

What is the effect of strings on sound character?

What is the effect of the tailpiece on sound character?

YV V V V

What is the effect of pegs on sound character?

Method

This research was conducted using a quasi-experimental model based on an experimental method. Experimental research
aims to explain the effect of independent variables on dependent variables within a cause—effect relationship. In this
study, the bridge, as a replaceable component of the violin, was considered the independent variable, while sound
character was treated as the dependent variable.

As the sample, a full-size (4/4) violin was used, with a spruce top plate, maple back plate and ribs, and an ebony

fingerboard. Among the variables, two bridges made of maple with different stiffness levels were used.

Data Collection and Analysis Techniques
During the data collection process, the acoustic measurement system available in the Instrument Making Laboratory at
Ankara Hac1 Bayram Veli University was utilized. Two main measurement techniques were employed: sound radiation
analysis and acceleration measurement.

The acceleration measurement method is based on analyzing the vibration response of the violin body, which is
excited by a force sensor attached to a hammer, using an accelerometer. This technique is widely used in determining

the dynamic behavior of structures.

W
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Photo 1. A snapshot from the measurements conducted in the acoustic laboratory of Hact Bayram Veli University
(HBV), Ankara, Ttrkiye

Sound radiation analysis refers to the quantitative measurement of the sound produced when the natural vibrations
of the violin are excited by an external stimulus. This analysis method can be considered a more scientific and objective
counterpart to the traditional practice in which instrument makers evaluate sound quality by tapping the bridge and
listening to the response.

The bridges were manufactured using a CNC machine to ensure that all dimensions were identical.
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The wooden samples used for the violin bridges were dimensioned as Lx: 160 mm, Ly: 12 mm, and h: 3 mm, and
their density and elastic moduli were calculated.

Photo 2. Wooden materials used in bridge Photo 3. Frequency measurement of the wooden
construction materials used in construction
Findings

Within the scope of the study, the effect of bridge stiffness on sound radiation was first analyzed. Measurements
conducted in the 0-1 kHz frequency range showed that bridges with different stiffness levels significantly affect both
sound radiation power and frequency response. In particular, phase differences of up to 3 dB were detected in bridges
with higher stiffness. This difference indicates a perceptible increase in sound levels in certain frequency modes. These

findings demonstrate that bridge stiffness can influence both tonal balance and overall sound radiation.

Figure 1. Example of sound radiation FRF

Secondly, the vibration analyses (acceleration and mobility) conducted also showed results consistent with the sound
radiation analyses. It was observed that the material and structural stiffness of the bridge directly affect the transmission
of vibrations from the strings to the body through the bridge. According to the acceleration analyses, softer bridges
transmit more vibrations in the low-frequency range, whereas stiffer bridges are more effective in the high-frequency

range.

Figure 2. Example of mobility analysis

The obtained results indicate that bridge stiffness has a significant effect on both sound radiation power and
frequency response. In the FRF analysis presented in Figure 1, it is observed that stiffer bridges produce higher sound
pressure levels, particularly above 1 kHz, whereas softer bridges exhibit a broader vibration response atlower frequencies.
This finding is consistent with Jansson (1990), who reported that bridge stiffness enhances energy transmission at higher

frequencies.
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Bissinger (2006) and Woodhouse (2014) have suggested that the bridge behaves like a filter within specific resonance
bands, shaping the sound spectrum; the increase in energy observed in the 2—-3 kHz range in this study supports the so-
called “bridge-hill” phenomenon. Acceleration analyses also demonstrated that the bridge material and stiffness
coefticient are directly decisive in the transmission of vibrational energy to the body.

These findings are also consistent with Rossing (2010), who defined the bridge as an active acoustic transformer in
the string—body interaction. Therefore, variations in bridge stiffness can be considered a fundamental parameter

affecting not only tonal characteristics but also the overall acoustic efficiency of the violin.

Conclusion
This study experimentally demonstrated the effects of replaceable components of the violin—particularly the bridge—
on sound characteristics. It was clearly observed that bridges with different stiffness levels alter both sound intensity and
tonal qualities. This highlights the critical importance of component selection in the instrument-making process. The
findings provide scientific evidence for both instrument makers and performers regarding the customizable nature of
the instrument. In this context, it is possible to achieve a more satisfactory sound character by modifying specific
components of an instrument that does not meet performance expectations. Future studies are recommended to expand

this approach by applying similar experimental methods to different types of musical instruments.
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