Motivation: How can | play more expressively? Results: Optimal Bow Pressure Changes with Speed

Modeling Violin Expression: sty vty ol
Timbral Dynamics at the Instability Boundary
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Itzhak Perlman. Photograph from Spotify (n.d.),
https://open.spotify.com/artist/OhIGOFXgjQxT8fKaYceFbA
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What does my violin teacher mean when she encourages me to play more
expressively? ] o -
Emotion needs imperfection: A moving violin performance isn't perfectly HypothESIS: ExpreSS|V|ty Index Is Greatest Near Instabil Ity Bounda ry.
smooth. It relies on slight roughness and changing tones.
We know how violin strings work, and we know what sounds emotional, but Most expressive sound,ﬁ N
we don't fully understand how the two connect. Ve

| use a computer model to study how pushing a violin's sound to the edge of
stability creates the rich, emotional tones we hear.

o
0
i

Boundary

o
o
i

Stable sound Unstable Sound | hypothesize that the Expressivity Index is
greatest near the boundary between
stability and instability , where the sound is L T Bow Speed Vagy (M/S) — v

stable. * The optimal bow pressure changes linearly as bow speed increases,
suggesting violinists need to adapt to play expressively
Peak Expressivity Index always occurs before the instability boundary
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Background

A. How does a violin make sound?
Def. Sound: a wave of pressure propagating throughout the air, triggered by a
mechanical vibration
* Bow friction makes the violin string “stick” and “slip”
* This in turn creates a vibration in the string which propagates through the
air.
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 |Intuition: emotional violin .
nerformances aren’t smooth!

Itzhak Perlman. Photograph from Spotify (n.d.), https://open.spotify.com/artist/OhIGIFXgjQxT8fKaYceFbA
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Lag Between Peak Expressivity and Instability
Boundary Increases with Bow Speed

Violin Strin > Bowing parameters (velocity and pressure (r=08748,p =2.27 x 107%, m = 1.2931 [Ns/m))
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Model and Methods: Expressivity and Instability Index Values for a Simulated Violin Wave Equation :

“Stick” “Slip”

Visual created by finalist using PowerPoint, 2026.
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* The lag between the peak Expressivity Index value and Instability
Boundary increases for higher bow speeds
* This suggests a larger safe expressive playing zone for higher bow speeds
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. . . . e * Quantifies violin Expressivity by linking bowing physics to sound stability
B. What is stable playing? Results: Expressivity Index Peaks Near the Instability Boundary -nd timbre.

e Stable regime: Smooth sound.
e Unstable Regime: Rough sound
* In my project | define an Instability Index

-0.6 Key Findings

An instability boundary exists . Expressivity peaks near and befqre stabilijcy boundaries |
 Optimal bow pressure changes linearly with bow speed, suggesting

Expressivity is non-monotonic with bow SpEEd and violinists need to adapt to play expressively
* Higher bow speeds may have a larger safe expressive playing zones
pressu.r.e . . . Limitations
Instability is non-monotonic with bow speed and +  Simplified model
* Expressiveness index is a proxy derived from the model, not a direct
pressure measure of human perception
There is a lag: peak expressivity occurs slightly before Future Work
onset of instability! Systematlcally validate the model’s predictions using professional
recordings
Conduct a perception study to validate expressivity predictions

Most expressive sound ! Stiffness, vibrato, damped boundaries, torsional vibrations, moving bow
Stable sound N position
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Instabiity Index = 1 — Normalized Autocorrelation

A. Stable Regime (Helmholtz Motion) B. Unstable Regime (High-Pressure Scratch)
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Applications: Quantifying Complex Behavior
Near Stability Boundaries

* Index can be used as a biomarker for tipping point in ecology
* Neural activity is highest near a critical boundary
* Flow approaches a transition to turbulence

G

C. Expressivity Index: How can expressivity be quantified? -0.6

* Expressivity is what makes violin sound feel emotional or “alive” rather
than mechanical, linked to “tone color” (timbre)

e Using metrics that describe a “soloistic” tone: “brightness”, “crunch’,
and “texture”, | define an Expressivity Index:
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Brightness (Spectral Centroid) How much high frequency energy present (center of
mass)
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Crunch (Harmonic Saturation) How much energy being pushed to higher overtones
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Texture How many microscopic imperfections
(Microvariability)
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Energy Penalty (Root Mean Penalizes little amplitude
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