
Acoustic Models: Analytic Solution Techniques

“He suffered from paralysis by analysis,” Harold S. Geneen



Linear Wave Equations for Sound

Pressure:

Velocity:

Potential:



D’Alembert’s Solution of Wave Equation
Model:

New Independent Variables:



D’Alembert’s Solution of Wave Equation

Transformed Differential Equation:

General Solution:



D’Alembert’s Solution of Wave Equation

Initial Conditions:

D’Alembert’s Solution:



D’Alembert’s Solution of Wave Equation

Physical Interpretation: Consider an infinite string with local initial conditions

Characteristics: Curves



Properties of Fourier Series

Fourier Series: Consider the representation

Note:



Properties of Fourier Series

Fourier Coefficients:

Theorem:



Separation of Variables
Model:

Separation of Variables: Consider solutions of the form



Separation of Variables
Note:

Boundary Value Problem: Helmholtz Equation

Modes or Eigenfunctions



Separation of Variables
Initial Value Problem Solution:

General Solution to PDE:

Initial Conditions:



Example
Model:

Solution:



Relationship Between Wavelength and Frequency

Note:

Relationship:


