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Towards an Application of the Multifractal Analysis to Econophysics
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FIG. 1. Comparison of the present scaling expo-
nents (m for p = 0.238 (solid curve) with the ex-
perimental results plotted by circles at Ry = 110
(Re = 32000) [16], and with other theories with the
same value of p. K4l is given by the dotted line,
p-model by the dashed line, p-model by the dotted
dashed line, log-Poisson model by the short dashed
curve, and log-normal by the two dotted dashed curve.
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FIG. 2. Analyses of the PDF’s of velocity fluctua-
tions (closed circles) and of velocity derivatives (open
circles) measured in the DNS by Gotoh et al. at
Ry = 380 by the present theoretical PDF’s I'f¢(n)(£n)
for velocity fluctuations (solid lines) and for welocity
derivatives (dashed line) are plotted on (a) log and
(b) linear scales. The DNS data points are sym-
metrized by taking averages of the left and the right
hand sides data. The measuring distances, 7/n = £ /7,
for the PDF of velocity fluctuations are, from the
second top to bottom: 2.38, 4.76, 9.52, 19.0, 38.1,
76.2, 152, 305, 609, 1220. For the theoretical PDF’s
of velocity fluctuations, u = 0.240 (¢ = 0.391),
from the second top to bottom: (n, f, ¢') = (20.7,
14.6, 1.60), (19.2, 13.1, 1.60), (16.2, 10.1, 1.58), (13.6,
7.54, 1.50), (11.5, 5.44, 1.45), (9.80, 3.74, 1.40), (9.00,
2.94, 1.35), (7.90, 1.84, 1.30), (7.00, 0.94, 1.25), (6.10,
0.04, 1.20), & = 1.10 ~ 1.43 (a* = 1.07), and
ER%* = 204 ~ 6.63. For the theoretical PDF of velocity
derivatives, (n, f, q') = (22.4, 16.3, 1.55), &, = 1.06
(a® = 1.07), and &** = 302. For better visibility,
each PDF is shifted by —1 unit along the vertical axis.
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FIG. 3. Dependence of ¢’ on the distance r/n ex-
tracted from the analyses of the PDF’s for velocity fluc-
tuations (closed circles), for velocity derivatives (open
circle) and for fluid particle accelerations (open trian-
gle). The line represents ¢’ = —0.05log,(r/n) + 1.71.
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FIG. 4. Analysis of the PDF P(Z) of index changes
extracted from S&P 500 (closed circle) by the PDF

If¢(n)(§n) for velocity fluctuations (solid line) derived
by multifractal analysis with the parametars p = 0.28,
g = 0.47, n = 42 and ¢’ = 1.7. The index change Z
is scaled by the volatility . The original data points
are symmetrized by taking averages of the left and the
right hand sides data. The Révy stable distribution
(dashed line) and the Gaussian distribution (dotte d
line) are also shown as references.
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