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Computational Ocean 
Acoustics

• Ray Tracing
• Wavenumber Integration
• Normal Modes
• Parabolic Equation
• Broadband Modeling
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Broadband Modeling
• Fourier Synthesis
• Time-domain Methods
• Numerical Examples
• Doppler Shift in Ocean Waveguides

– Numerical Examples
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Reference: Kuperman, W. A. and Henrick Schmidt. "Spectral and modal representations of 
the Doppler-shifted field in ocean waveguides." The Journal of the Acoustical Society of 
America 96, no.1 (July 1994): 386-395. 
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Time-wavenumber 
coupling
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Frequency-domain solution
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Temporal doppler
Spatial doppler
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Temporal doppler

Spatial doppler
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Temporal doppler

Spatial doppler
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Shallow Water Waveguide
Moving Source and Receiver
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