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Wavenumber-Frequency Space
• Four-dimensional Fourier transform:

• Spatial frequency variable      dual to 
• Just like temporal frequency, ω, and t
• Note the different signs for the exponents, 

due to the concern with propagating waves
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Inverse Fourier transform

• Any reasonable spatiotemporal signal can be 
decomposed into infinitely many plane waves 
as long as the Fourier transform converges.

• This also holds for an arbitrary, nonperiodic, 
nonpropagating distribution of energy in 
space and time. It can be represented as a 
superposition of periodic, propagating plane 
waves

DEPARTMENT OF INFORMATICS

UNIVERSITY 
OF OSLO

4

Monochromatic Plane Wave

• Fourier transform:

• Separable, product of four factors:

• Result: A single point in           space 
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Propagating Wave

• Only energy along a line in wavenumber-
frequency space

• This line is given by the dispersion equation 
for the wave in the medium

– dispersionless medium |k| = ω/c
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Wavenumber-Frequency Space
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Wavenumber-Frequency Space
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2.5.3 Spectrum – Spherical Wave
• Only of theoretical interest
• Skip it
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Filtering in Wavenumber-Frequency 
Space
• Straightforward extension to spatiotemporal signals:

• 4-D convolution integral:

• Same considerations as with time-domain LTI-filters: Ideal filters 
infinitely long impulse responses

• Ideal filters: 
– focus on one frequency H(·) = δ(ω-ω0) 
– or focus in one direction H(·) = δ(k-k0)

• Beamforming = realizable space-time filtering
– Linear filtering in chapter 4
– Nonlinear methods in chapter 7
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2.6 Random Fields
• Will go through it if needed in chapter 7


