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Method for the Plucked 
String Model
Method for the Plucked 
String Model:

Substituting in your coeficients yields you a Fourier-defined function U of 
two variables that gives you vertical displacement on a plucked string.

Graphed to the right

by separation of variables

Solving:
*The Wave Equation:

Consider a string of length L, such as a guitar string, stretched taut between two points 
on the x-axis -- say, x = 0 and x = L. When the string starts to vibrate, assume that the 

motion takes place in the xy-plane in such a manner that each point on the string moves in a 
direction perpendicular to the x-axis (transverse vibrations). Let u(x,t) denote the vertical 

displacement of any point on the string measured from the x-axis for t > 0. We further assume:

-The string is perfectly flexible.
-The string is homogenous; that is, its mass per unit lenth p is constant.

-The displacements u are small compared to the length of the string.
-The slope of the curve is small at all points.

-The tention T acts tangent to the string, and its magnitude T is the same at all points.
-The tension is large compared with the force of gravity.

-No other external forces act on the string.

Boundary-value problem posed for a plucked string:

Abstract:

Further Applications:

There are many connections between mathematics and music.  In this 
poster, we examine how the wave equation can be used to model the 

vibration of a guitar string when it is plucked.  We begin by developing the 
solution to the boundary value wave equation problem employing standard 

techniques, including finding eigenvalues and eigenfunctions and identifying 
an appropriate Fourier series expansion.  We will then look at how this solution 

models vibration and in particular use the model to explain how harmonics (or 
frequencies) of a note are made.  Finally, we conclude with some new directions 

and open questions relating to chord construction and traditional note intervals, we 
plan to pursue in this application.

- “An Introduction to Fourier Analysis with 
Applications to Music” by Nathan Lessen and Deanna 
Needell of Claremont College.

 - Seeks to solve the problem of musical chord and note  
 interval detection.

 - Utilizes traditional Fourier series and Fast Fourier   
 Transform to achieve their solutions.

- My plan for further research includes:
 -resonance of acoustic and semi-acoustic guitars and   
 how different bracing systems can affect it.

*  Zill, Dennis G. Advanced Engineering Mathematics. Burlington, MA, Jones & Bartlett Learning, 2018.
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