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Indian music is one of the world’s oldest and most
enduring cultural traditions, and its instruments
embody centuries of artistry, craftsmanship, and
acoustic knowledge. Indian instruments are largely
handmade by artisans, resulting in variability, higher
costs, and challenges in accessibility.

While this artisan-based tradition imparts uniqueness,
it also highlights the need for the systematic
characterization of the instruments’ structural,
material and acoustic properties. Our research is an
attempt in this direction by combining experiments,
mathematical modeling, and computational
simulations to study the mechanics of Indian stringed
instruments.

Towards  this, we Dbegin with  geometric
characterization to capture the fine structural details
of instruments and the arrangement of their intricate
components, followed by the material
characterization, that is captured by the elastic
properties of the instrument materials used in
instruments. A key component of our work is the
acoustic characterization of instruments.

On the modeling side, we use dynamical systems
approach to study the frequency response of the
instruments analytically, and also employ finite
element methods (FEM) to simulate the coupled
dynamics of strings, bridges, and resonating bodies.
These simulations allow us to systematically explore
the effects of the design parameters, such as string
tension, bridge placement, gourd geometry, coupling
between string and membrane in some instruments,
on the acoustic properties of the instruments. Our
models are validated against experimental acoustic
data, creating a powerful feedback loop between
theory and observation. Some of the instruments we
are currently working on are Indian bells and yazh, an
ancient Tamil stringed instrument with harp-like
structure is prominently described in Sangam
literature dating back over 2,000 years.

The impact of this research spans cultural
preservation, scientific understanding, and
technological innovation. By documenting design
principles and acoustic signatures, we contribute to
heritage science while offering artisans and
manufacturers tools for more consistent production.
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Scientifically, these
— e instruments provide rich
case studies of nonlinear
vibrations and  coupled
oscillatory systems.
we  Ultimately, our goal is to
ensure that Indian stringed
instruments remain not only
wis treasured symbols of
= tradition but also accessible,
sustainable, and scientifically
understood  artifacts  of
wez  enduring cultural and
technical significance.
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We measure frequency
response functions, mode
shapes, resonance spectra,
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decay times, and harmonic 4296 £
content of  vibrating | s
strings and resonating |..
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bodies (see figure for some |:
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representative examples). |2 *
These measurements | s
provide quantitative

insight into how geometry
and material properties
translate into the tonal ol
quality and timbre of the )
instrument.
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Such acoustic fingerprints serve as benchmarks for
validating our computational models and we hope to
use this approach for distinguishing the performance
of instruments made by different artisans or using
alternative materials in future.
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