© 2026 JETIR October 2026, Volume 13, Issue 10 www.jetir.org (ISSN-2349-5162)

JETIR.ORG
JOURNAL OF EMERGING TECHNOLOGIES AND

INNOVATIVE RESEARCH (JETIR)

An International Scholarly Open Access, Peer-reviewed, Refereed Journal

A STUDY OF HARMONICS IN VARIOUS
MUSICAL STRING INSTRUMENTS

Manas Sahu
Indira Kala Sangit Vishwavidyalaya, Khairagarh (CG), India
manas_sahu25@rediffmail.com

Abstract

Harmonics constitute one of the fundamental acoustic mechanisms responsible for the characteristic tonal
identity, or timbre, of musical instruments. In string instruments, sound is generated through the vibration of
stretched strings that are excited by plucking, bowing, or striking. Although the fundamental frequency
primarily determines perceived pitch, the relative amplitudes of higher partials determine much of the
perceived tonal quality. This paper examines the generation, distribution, and acoustic significance of
harmonics in the violin, guitar, piano, harp, bass and sitar. It considers the ideal mathematical model of a
stretched string, the effects of string tension, linear density, stiffness, excitation mechanism, and resonating
body, and the distinction between harmonic and inharmonic partials.
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Introduction

Musical instruments are physical systems in which mechanical vibration is transformed into audible sound.
String instruments provide an especially useful model for understanding the relationship between vibration,
frequency, resonance and musical timbre. A vibrating string generally produces a complex sound containing
a fundamental frequency and higher-frequency components known as harmonics or partials. For an ideal
string fixed at both ends, the frequencies of the normal modes are integral multiples of the fundamental
frequency. The harmonic structure, together with the resonances of the instrument body, contributes strongly
to the recognizable sound of an instrument.

Theoretical Framework of String Harmonics

For an ideal flexible string of length L, tension T, and linear mass density L, the transverse wave velocity is
determined by the balance between tension and mass density. The fundamental frequency depends on
vibrating length, tension, and linear density. Higher normal modes occur at integer multiples of the
fundamental frequency. These relationships provide the basic mathematical frame work for the study of
string harmonics.

Harmonics and Timbre

Pitch and timbre are acoustically distinct. The fundamental frequency is strongly associated with perceived
pitch, whereas the distribution of higher partials contributes substantially to timbre. Two instruments can
produce the same fundamental frequency while sounding different because their harmonic spectra have
different amplitudes. Harmonic amplitudes are influenced by excitation position, excitation type, string
material, tension, vibrating length, bridge coupling, body resonance, and damping.
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Comparative Study of Harmonics in String Instruments

Violin: The violin is a bowed-string instrument. Continuous bow-string interaction produces a complex
periodic excitation containing the fundamental and numerous higher partials. The bridge, body and air
cavity further shape the spectrum.

Guitar: The guitar is predominantly a plucked-string instrument. The position at which the string is plucked
changes the relative amplitudes of the harmonics. Plucking near the bridge generally produces a brighter
spectrum with greater high-frequency content than plucking near the centre.

Piano: The piano is a struck-string instrument. Piano strings possess appreciable stiffness, so their partial
frequencies depart from exact integer multiples of the fundamental. This phenomenon is called
inharmonicity and contributes to the characteristic piano spectrum.

Harp: The harp combines plucked-string excitation with a large resonating sound box. The string spectrum
is modified by coupling with the soundboard and air cavity.

Bass: Bass instruments employ longer and thicker strings and operate at lower fundamental frequencies.
Their harmonic structure depends on string construction, tension, stiffness and excitation technique.

Sitar: This instrument produces its unique, rich, and resonant sound compared to other stringed instruments
and comparing how harmonics behave across its different string types. The way a sitar generates harmonics is
fundamentally different from other instruments due to its unique anatomy.

The Jawari (Bridge): The sitar uses a wide, gently sloping camel-bone bridge called the Jawari. As the string
vibrates, it repeatedly grazes the flat surface of the bridge. This micro-grazing creates a buzzing sound (Jivar)
that unleashes a vast spectrum of rich, shifting overtones (harmonics) that are not found in flat-bridge
instruments.

Sympathetic Resonance: A sitar has 11 to 13 sympathetic strings (Tarhaf) running underneath the main

strings. When a main note is played, these strings vibrate automatically if they are tuned to the same
frequency or its harmonics.

Main Playing Strings and Sympathetic Strings

Within the sitar itself, harmonics function differently depending on the group of strings:

Main Melody Strings (Baj ke Taar): These are plucked and fretted. The harmonics here are dynamically
altered by the player using Meend (pulling the string sideways to deflect pitch). The Jawari bridge
continuously adds upper-partial harmonics to these notes.

Sympathetic Strings (Tarhaf): These are rarely plucked directly. Instead, they act as pure harmonic resonators.
They catch the acoustic energy of the main strings and ring out, creating a continuous "halo™ of sound and
extending the instrument's sustain.

Natural and Artificial Harmonics

Musicians manipulate harmonics on the sitar in two distinct ways:
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Natural Harmonics (Swayambhu Swara): These are the inherent overtones produced automatically by the
Jawari bridge when a string is plucked. A well-filed bridge allows the 3rd (dominant) and 5th (major third)
harmonics to ring out clearly along side the fundamental note.

Artificial/Touched Harmonics: a sitar player can lightly touch a string at specific mathematical nodes (like the
exact midpoint for the 2nd harmonic octave) without pressing it down to the fret. When plucked, it dampens
the fundamental and isolates a high-pitched, crystal-clear harmonic.

Comparative Matrix

Feature Sitar Harmonics Guitar/Violin Harmonics

Bridge Design Wide, curved, and flat (Jawari). | Sharp and narrow.

Extremely rich, dense, and non- | Linear, clean, and predictable
Overtone Spectrum

linear (buzzing Jivar effect). mathematical overtones.
Resonance Driven heavily by sympathetic | Driven primarily by the wooden
Mechanism strings (Tarhaf). soundboard/body cavity.

Highly fluid via Meend (pulling | Primarily static or altered via subtle

Pitch Manipulation g . .
P the string up to 4-6 semitones). | vibrato/whammy bars.

Creates a continuous acoustic | Notes  decay  faster  without

Sustain Layerin .
yering "halo" or drone. sympathetic carryover.

Factors Affecting Harmonic Distribution

Plucking position: Different initial string shapes produce different harmonic amplitudes. Bowing: Bow
pressure, velocity and position influence the spectrum of bowed instruments. String stiffness: Real strings
depart from the ideal harmonic model as stiffness increases.

Resonance: The instrument body selectively enhances or attenuates frequency components. Damping:
Internal friction, air resistance, bridge losses and structural damping affect the decay of individual partials.

Harmonic Analysis Using Fourier Transform

Fourier analysis decomposes a complex periodic musical waveform into sinusoidal components. Modern
digital audio systems commonly use the Fast Fourier Transform (FFT) to obtain frequency spectra. Such
analysis can reveal the fundamental frequency, harmonic frequencies, relative harmonic amplitudes, spectral
envelope, inharmonicity and temporal changes in harmonic energy.

Discussion

The comparison of violin, guitar, piano, harp and bass demonstrates that harmonics are central to the
acoustical identity of string instruments. The ideal string follows an integer harmonic series, where as real
instruments introduce modifications through stiffness, damping, boundary conditions and coupling with
resonating structures. Thus, an instrument's acoustic identity results from a coupled mechanical-acoustical
system involving the string, excitation mechanism, bridge, resonator and surrounding air.

JETIR2610244 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | c387


http://www.jetir.org/

© 2026 JETIR October 2026, Volume 13, Issue 10 www.jetir.org (ISSN-2349-5162)

Conclusion

Harmonics are fundamental to the acoustical behaviour of musical string instruments. While the
fundamental frequency establishes the primary pitch, the amplitude, distribution and temporal evolution of
higher partials contribute significantly to timbre. The violin, guitar, piano, harp and bass demonstrate
different harmonic profiles because of their different excitation mechanisms and structural configurations.

Fourier and FFT analysis provide powerful quantitative methods for examining these differences. The
scientific study of harmonics therefore connects physics, mathematics, acoustical engineering, musicology
and musical performance.
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