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The Morlet wavelet (MW) is a mother wavelet very suited for the analysis of Extended X-Ray Absorption Fine Structure
(EXAFS) data. We determined some relevant resolution properties of the MW.

The choice of the mother wavelet is the first crucial
point for any application of wavelets. This difficulty
(and at the same time the richness of the method)
arises, because wavelets are built from a wide and
flexible class (the function class I?) of window func-

tions (/(k) with zero mean: jt/l(k)dk =0.

For EXAFS data analysis we have chosen the com-
plex MW /1/, see figure 1. The selection of the MW
has two reasons. First, its structure is similar to an
EXAFS signal, since the wavelet consists of a slowly
varying amplitude term and a rapidly oscillating phase
term. Second, the formal mathematical description of
the wavelet analysis can be treated in analogy to the
Fourier analysis.

The MW is obtained by taking a complex sine wave
(like in the Fourier transform (FT)), and by confining it
with a Gaussian (bell-shaped) envelope.
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The parameter n is the frequency of the sine and co-
sine functions, determining how many oscillations of
the sine wave are covered by a Gaussian envelope
with the half width o=1.

1.0

Morlet wavelet
o o
[=] (&)

o
]

-4 4

?Argumcnt (d?mcnsionlcss)
Figure 1: Real (full line) and imaginary (dashed line)
part of the MW for n=5 and c=1.

Similar to a Gaussian normal distribution, where the
information uncertainty is described by the half-width
02, the WT distributes the information of the signal
over some r-k cells, often called Heisenberg box /2,3/.
The width of this cells is defined by the 2" moments
of the wavelet, par example in reference to k:
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Both widths (r and k) of the cells depend on the cho-
sen wavelet. The resolution properties of the WT are
determined by the size of the corresponding uncer-
tainty cell.

For the MW (1) the Heisenberg box has the form:
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From relation (3) follows that the & — 7 window is nar-
rowed in the k space for large values of r and is ex-

panded for small r. The resolution in the r space de-
creases with increasing r. The Heisenberg uncertainty

condition A, A >1/2 (see formula 3.2.17 /2/) is ful-

filed by A, A, =1/2. Therefore, the Morlet parame-
ters /7 and O determine the resolution in k and r.

Figure 2 shows two typical uncertainty cells with the
centers (k=2.5, r=4) and (k=8, r=1.3). The surface of
both cells is equal.
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Figure 2: Two typical uncertainty cells (schematic).

To demonstrate qualitatively the effect of the de-
scribed resolution properties to WT plots, the corre-
sponding model function and their WT are plotted in
figure 3. The MW parameters are n=7.5 and 0=0.5.
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Figure 3: Model function with distances r,=4.0 and
r,=1.3 centered at k=2.5 and k=8.0 and the WT.

The qualitative knowledge about the behavior of the
uncertainty boxes is indispensable for a deeper un-
derstanding of the WT.
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