Notes on Wavelets and Occultations

Leslie A. Young, Southwest Research Institute, July 9, 2001

These notes are a contunuation of the notes begun in wavelets.doc.  I have split them into a new file because several of the wavelet papers and books (Yamada and Ohkitani 1991, Chui 1992, Walter 1994) use the definitions of the Fourier transform where the frequency variable is angular frequency (2/period), not 1/period. 
Some definitions
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Fourier Transforms

First, the definitions of Fourier used by Chui.
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from which follow
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Discrete Fourier Transforms

Start with N points, separated by d in the time domain. Then the span of time covered by the data (or, equivalently, the period of the data) is 
[image: image4.wmf]. The smallest non-zero angular frequency is 
[image: image5.wmf] (a sine or cosine spanning the period of the data), and the largest is 
[image: image6.wmf] (spanning 2d, or Nyquist sampling). In other words,
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If f(t) = 0 outside of [0,T], then the discrete transform approximates the integral transform. Otherwise, we can relate the discrete power spectrum to the one-sided power spectral density (PSD) per unit time, as described in Numerical Recipes, sections 12.1 and 13.4.

Note that the IDL definition of their fft routine can be brought into agreement with this by multiplying IDL's forward transform by T and dividing the inverse transform by T.

Power Spectra

The one-sided power spectral density (PSD) per unit time can be defined
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Defining wavelets

Following Yamada and Ohkitani 1991, but following the notation of Chui 1992
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[image: image10.wmf] is the mother wavelet.
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Meyer wavelet, as used by Yamada & Ohkitani
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The advantage of this is that the support is compact in the frequency domain. In other words, 
[image: image13.wmf]unless 
[image: image14.wmf]. In fact, this can be simplified in the following way:
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Note that
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Fourier Transforms and Occultation Integrals

We start with the number density, n, that’s mainly an exponential, and can be expressed as a mean number density times a Fourier series. Then we derive the line-of-sight column density, N, the phase delay, , the bending angle , and the derivative of the bending angle, ’.
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What does this mean for wavelet decomposition? A single wavelet can be expressed as a Fourier series over some finite range of frequencies. We can instead write the number density, etc., as
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