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The Acoustic Wave Equation

Conservation of Mass
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Potential Wave Equations
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Solution of the Wave Equations

e 4-D Partial Differential Equation
e Analytical solutions only for few canonical problems
¢ Direct Numerical Solution (FDM, FEM)

— Computationally intensive (Az < A, At < T).
e Dimension Reduction for PDE

— Geometrical symmetries (Plane or axisymmetric problems)
— Integral transforms

— Analytical or numerical solution of ODE or low dimen-

sional PDE.

— Evaluation of inverse transforms (analytical or numerical)
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Helmholtz Equation

Frequency-Time Fourier Transform
_ 1 > —iwt
f(t) = %/_m fw) e ™ dw,
flw) = [ f(t)etdt,

Helmholtz Equation

V2 + & (r)] ¢(r,w) =0,

Solution of Helmholtz Equation
¢ Dimensionality of the problem.

e Medium wavenumber variation k(r), i.e., the sound speed vari-
ation c(r).

e Boundary conditions.
e Source-receiver geometry.

e Frequency and bandwidth.
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Helmholtz Equation
Homogeneous Media

Helmholts Equation Laplacian in Cartesian
) ) Coordinates
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Wavevector
K r = const

k= (ky ki, k)
k| =k =ale

Wavevector k determines 1-D propagation: k,,
propagation direction of plane
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Helmholtz Equation
Homogeneous Media

Cylindrical Cordinates
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Azzal Symmetry
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Radiation of Sound
The Point Source

Unbounded Homogeneous Medium

Frequency Domain

u(a) = U(w) .

Spherical geometry solution
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Green’s Function
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Helmholtz Equation for Green’s function
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Green’s Theorem
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Source in Bounded Medium

Inhomogeneous Helmholtz Equation
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General Green’s Function
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Green’s Theorem
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Source in Infinite Medium

W(r) = = [ f(ro) gu(r, o) dVi
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