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Abstract: This study deals with the multifractality scaling of Solar Wind velocity and Interplanetary
Magnetic Field (IMF) from January 1996 to December 2006 which is nearly the time span of Solar
Cycle 23. The datasets of these parameters have been taken from OMNI Web server and the level
of multifractality is analyzed for solar wind plasma parameters. Our results show the
inhomogeneous rate of the transfer of the energy flux indicating multifractal behavior of solar wind
plasma parameter turbulence in the inner heliosphere. This shows that the degree of asymmetry
for the plasma parameters has much better agreement with the real data for solar cycle 23 and
data sampling shows weakly correlation with the phase of the solar activity. This describes the
energy transfer is responsible for turbulence in various environments and their features having
similar behavior like nonlinear multifractal systems.

Index Terms — Solar Wind Plasma Parameters, Interplanetary Magnetic Field, Solar Cycle,
Multifractality Spectrum.

i) Introduction

The multifractality spectrum analysis of solar wind plasma parameters and Interplanetary
Magnetic Field (IMF) are very important in context of solar terrestrial plasma relations with
magnetosphere (Feder 1988; Takayasu 1989). When these functions show a heavy non-Gaussian
tail it demonstrates a highly intermittent and multifractal process, tending to eruption-like energy
release. This also indicates that the system, as a whole, is undergoing a non-linear dissipation with
the energy interchange between different scales. So, a shape of the probability distribution function
is a powerful diagnostics tool to study the nature of such signals (Horbury and Balogh, 2001; Pagel
and Balogh, 2003; Yordanova et. al., 2009).

Now these days various observational techniques allows us to calculate the distribution
function of the magnetic flux content in elements of the magnetic field of sun also and the theory
of multifractality allows us an intuitive understanding of multiplicative processes and of the
intermittent distributions of various characteristics of turbulence (Mandelbrot, 1989). As we know
that the solar wind is also one of the heavy non-Gaussian tails and it demonstrates a highly
intermittent and multifractal process (Bruno and Carbone, 2005). For these plasma systems energy
at a given scale is not evenly distributed in space. Therefore, solar wind parameters in particular
magnetic field and velocity, exhibit strong intermittent behavior both during solar minimum and
solar maximum (Marsch and Tu, 1994; Marsch and Tu, 1997) at different heliocentric distance, in
the inner as well as the outer heliosphere (Marsch and Liu, 1993; Sorriso et. al., 1999; Bruno et.
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al., 2001; Hnat et. al., 2003; Szczepaniak and Macek, 2008; Burlaga, 1991; Burlaga et. al., 1993;
Burlaga, 2001).

The concept of multifractality was used in the context of scaling properties of intermittent
turbulence in Solar wind plasma (Marsch and Tu, 1997; Bruno et. al., 2003). Many authors propose
the observed scaling exponents, using simple and advanced models of the turbulence based on
distribution of the energy flux between cascading eddies on various scales. Burlaga (1991) has
been investigated the multifractal spectrum of magnetic field data using Voyager in the outer
heliosphere and using Helios (plasma) data in the inner heliosphere (Marsch et. al., 1996).

The aim of our study is to examine the question of multifractal scaling properties of
turbulence in the solar wind velocity and IMF. We analyzed the time series of the velocities and
IMF of the solar wind from January 1996 to December 2006 it is nearly the time span of Solar Cycle
23. One reason to employ the MFDFA method is to avoid spurious detection of correlations that
are artifacts of non-stationarities in the time series so we have investigated the multifractality of
Solar wind plasma velocity and IMF during the Solar Cycle 23 in this study.

i) Data

The data used for Multifractality Spectrum analysis for the Solar Wind Velocity and IMF are
the daily counts of Solar wind plasma parameters. These datasets has been taken from January
1996 to December 2006 it is nearly the time span of Solar Cycle 23 and available online at the
OMNIWeb data server (http://omniweb.gsfc.nasa.gov). The OMNIWeb data server is a venture of
NASA's (National Aeronautics and Space Administration) Space Physics Data Facility (SPDF).
This Solar data has analyzed using the Multifractal Detrended Fluctuation Analysis (MFDFA)
technique in order to characterize the intrinsic scaling property of Solar wind plasma parameters.
This method allows a reliable multifractal characterization of non-stationary time series of Solar
wind plasma parameters and IMF.

i) Methodology

In this study, we have analyzed the solar wind velocity and IMF data with Multifractal
Detrended Fluctuation Analysis (MFDFA) method to find the multifractal spectrum of non-stationary
time series. The MFDFA provides more accurate and precise result as compare to Wavelet
Transform Modulus Maxima (WTMM) method especially when true fractal structure of data is
unknown. It gives less biasing and being less likely to give a false positive result and due to the
fact we used MFDFA in this work for the investigations of conditions and behavior of solar wind
velocity and IMF during solar cycle 23.

The MFDFA is designed for a data of finite lengthN, without requiring an N — oo
approximation for validity, so it is well suited for the analysis of solar wind velocity and IMF. In this
method solar wind data is treated as a one-dimensional line and assigns new values to each portion
of data. It deals with the data having directional dependent scaling properties and the
nonequivalence of the time and value axes. The assigned values are then assessed for
multifractality. The generalized form of MFDFA for solar wind data can be described as:

Let the X; be a solar wind velocity and IMF time series of length N, with compact support,
i.e. X; = 0 for an insignificant fraction of the values only. The profile at locationi, Y (i) is defined by

taking the sum of deviation from the mean value and analytically given by (Kantelhardt et. al., 2002;
Telesca et. al., 2004):
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Y(i) = Z{Xj—)?}, E = )N e (1)
k=1

Subtraction of the mean X is not compulsory, because it would be eliminated in the preceding step.
The profile Y(i) is divided into Ns = int(N/s) non-overlapping segments of equal size s. Since the
length N of the series may not be multiple of the considered time scale s, an unequal and short part
(< s) of the profile may leave at the end.

In order not to disregard this part of the series, the same procedure is repeated starting from
the opposite end. Thus, 2Ng segments are obtained altogether. Then local trend for each of the2Ng
segments is calculated by a least-square fit of the series. Now the variance between the series Y(i)
and the ordinate of the fitted polynomial [y, (i)] is calculated as:

F2(s,v) = EZ{Y[(U DS+ 1] = Yy} e (2)
i=1

Where indices i and v correspond to the original data points and the segment of size s respectively.
The fluctuation function can be extended to include higher order moments (say g values) to analyze
the scaling property of different ranges of fluctuations and also the detrending polynomial, yv can
take any order n (linear, quadratic, cubic, etc.). The generalized fluctuation function Fq(s) is thus
defined by averaging over all segments to obtain the qth order fluctuation function as:

1
2N

1 q
Fy(s) = ZNSZ[F(S, a5k B3

v=1

Where the variable g can take any real value apart from zero. In case q = 0, the fluctuation function
cannot be determined directly from equation (3) because of diverging exponent. Thus, Fy(s) is
approximated by taking the logarithmic average as:

2N

! ; I[E (S, DI oo oo b . (4)

4N,

F,(s) = {exp

To develop the relation between segment length g and fluctuation functions F, (s) above procedure
was repeating several times for different values of segment length. Typically F,(s) will increase
with increasing s. The scaling behavior of the fluctuation functions was determined by analyzing
log-log plots F, (s) versus s for each value of q. If the series X; has long-range power-law correlated,
F,(s) increases, for large values of s, as a power-law

Fu(s) oc sM@ i i e (B)

The exponent h(g) may depend on g and known as generalized Hurst exponent. For g = 2,h(q) is
identical to the well-known Hurst exponent H and provide information about the average fluctuation
of the series. For the positive values of g, h(q) can define the scaling performance of the segments
with large fluctuations. And these large fluctuations are exemplified by a smaller scaling exponent
h(q) for multifractal time series. On the other hand, for negative values of g, h(q) describes the
scaling behavior of the segments with small fluctuations, characterized by a larger scaling
exponent.

The simplest way to analyze the solar wind velocity and IMF data is to link the generalized
fluctuation function and the standard box counting formalism of multifractal analysis. For original
dataX;, the mass distribution probability in the vth segment of size s unit, P;(v) is written as:
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F,(v) = z Xi=Yws)=Y(w—1)........(6)

k=(v-1)s+1
The mass scaling function 7(q) is then defined by partition function u(q, s) as:
N/s

u(q,s) = ZIPS(S)I‘T O ¢
v=1

The mass scaling function is related to the generalized Hurst scaling function, h(q) as Yu et. al.
(2011):
(@) =qh(q) =1 —=qH' . i et et s et e e (8)

Where H' = h(1) — 1 is called the non conservation parameter and proceed to the f(a) spectrum
by the Legendre transforms:

dr(q)
fla(@)] = aq(q) — T(q) cuv v eev e e e e et vt e e e (6.10)

A plot of f(a) and « is the multifractal spectrum for the solar wind velocity and IMF data. Here « is
the singularity strength or Holder exponent, while f(a) denotes the dimension of the subset of the
series that is characterized by a. We can directly relate « and f(«) to h(q) as:

a=h(q)+qh'(q) .. cce oo e e e et e it e e e (1)

and

fl@=qla—hq]l+1 . e (12)

Non-stationary is a frequent characteristic of composite variability and associated with various
trends in the data patches having different local statistical properties (Kantelhardt et. al., 2001).
The DFA method reduces the effect of non-stationarities on scaling property of data.

a(q) = - (9)

The reason for detrending analysis is to remove the undue influence of larger scale on the
statistics of solar wind plasma velocity and IMF data of solar cycle 23 at the scale. The MFDFA
method allows the detection of scaling property of a physical variable embedded in noisy data that
can disguise true fluctuations of the time series of solar cycle 23 (Marsch et. al., 1996; Biswas et.
al., 2012).

iIv) Results and Discussion

In this study we have analyzed the solar wind velocity and IMF data by using MFDFA
methodology. The datasets analyzed from January 1996 to December 2006 which is nearly the
time span of Solar Cycle 23. Analytical results are discussed in next subsections:

>  Multifractality of Solar Wind Velocity

Firstly we have observed the multifractal behavior of solar wind velocity during solar cycle
23. We calculated the overall Root Mean Square (F-Overall RMS) of solar wind velocity with the
scale segment sample size of 1024. The monofractal time series, white noise and multifractal time
series has been plotted with respect to sample size of 1024 and it is demonstrated in Figure 1. It
is the singularity multifractal spectrum for the monofractal, white noise and multifractal time series
for the selected segments of scale sample size. The figure demonstrating that the monofractal and
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white noise spectrum following the line path and there were not any presence of deviations while
the multifractality spectrum is omitting several time of solar wind velocity. It is showing the non
homogeneous multifractal behavior during solar cycle 23.

Multifractality of Solar Wind Velocity during Solar Cycle 23
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Fig. 1 — The Multifractal Overall RMS (F)of Solar Wind Velocity during the Solar Cycle 23.

» q-order Hurst Exponent of Solar Wind Velocity
The next two figures are also showing the strong agreement of similar behavior. The Figure
2 displaying the g-order Hurst exponent (Hq) of solar wind velocity during solar cycle 23.

, g-order Hurst Exponent of Solar Wind Velocity during Solar Cycle 23
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Fig. 2 — The g-order Hurst Exponent (Hq) of Solar Wind Velocity during the Solar Cycle 23.

The Figure 2 is displaying the multifractal, monofractal and white noise hurst exponent behavior
with respect to g-order. The value of g-order has been taken from —5 to 5 for the analysis of hurst
exponent behavior of solar wind velocity during solar cycle 23. It was noticed from Figure 2 that the
monofractal and white noise time series characterized by a single exponent over all time scales,
Hgq is independent of g. For multifractal time series, Hq shows variations with respect to q. The
different scaling of small and large fluctuation will yield a significant dependence of Hq ongq.
Therefore, for positive value of g, Hq describes the scaling behavior of the segments with large
fluctuations while for negative value of q, Hq shows small fluctuations.
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» q-order Mass Exponent of Solar Wind Velocity

Similar behavior has been recorded during the calculation of g-order mass exponent (tq) of
solar wind velocity and it is shown in Figure 3.

g-order Mass Exponent of Solar Wind Velocity during Solar Cycle 23
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Fig. 3 — The g-order Mass Exponent (tq) of Solar Wind Velocity during the Solar Cycle 23.

The multifractal, monofractal and white noise mass exponent (tq) behavior with respect to g-
orderis shown in Figure 3. The value of g-order has been taken from —5 to 5 for the analysis of
mass exponent behavior of solar wind velocity during solar cycle 23. It was noticed from figure that
the monofractal and white noise time series characterized by a single exponent over all time scales,
tq is independent of q. For multifractal time series, tq shows variations with respect to q. The tq
value of multifractality starts from —5 for the g-value of —5 while it touches the value of highest 3 for
the g-value of 5, which is quit higher as compared to the values of monofractal and white noise.
Therefore the solar wind velocity is showing the non homogeneous multifractal behavior during
solar cycle 23.

>  Multifractality of IMF

In this section we have analyzed the multifractal behavior of IMF during the solar cycle 23.
We calculated the overall Root Mean Square (F-Overall RMS) of IMF with the scale segment
sample size of 512. Along with multifractal time series the monofractal time series and white noise
has also been plotted with respect to sample size for the detailed analysis of variable time series
of IMF. The final plot of all three time series is demonstrated in Figure 4.
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Multifractality of interplanetary Magnetic Field during Solar Cycle 23
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Fig. 4 — The Multifractality or Overall RMS (F) of IMF during the Solar Cycle 23.

The Figure 4 demonstrates the multifractal overall RMS (F) profile of IMF during the solar cycle
23. It is the singularity spectrum for the monofractal, white noise and multifractal time series for the
selected segments of scale sample size of 512. The figure demonstrating that the monofractal and
white noise spectrum following the line path and there were not any presence of deviations while
the multifractality spectrum is omitting or missing the line path several times of IMF during the time
lapse of solar cycle 23. This multifractality of IMF is showing the non homogeneous multifractal
behavior several times during the minima of solar cycle 23 and maxima of solar cycle 23.

» q-order Hurst Exponent of IMF

The next two figures are also showing the strong agreement of similar behavior. The Figure
5 displaying the g-order Hurst exponent (Hq) of IMF during solar cycle 23. It is displaying the
multifractal, monofractal and white noise hurst exponent behavior with respect to g-order. The
value of g-order has been taken from —5 to 5 for the analysis of hurst exponent behavior of IMF
during solar cycle 23. It was noticed from figure that the monofractal and white noise time series
characterized by a single exponent over all time scales, Hq is independent of q. For multifractal
time series, Hqg shows variations with respect to q. The different scaling of small and large
fluctuation will yield a significant dependence of Hq on q. Therefore, for positive value of g, Hqg
describes the scaling behavior of the segments with large fluctuations while for negative value of
q, Hq shows small fluctuations and similar to monofractal time series.
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Fig. 5 — The g-order Hurst Exponent (Hq) of IMF during the Solar Cycle 23.

» q-order Mass Exponent of IMF

Similar behavior of IMF has been recorded during the calculation of g-order mass
exponent (tq) and it is shown in Figure 6. The multifractal, monofractal and white noise mass
exponent (tq) behavior with respect to g-order is shown in figure. The value of g-order has been
taken from —5 to 5 for the analysis of mass exponent behavior of IMF during solar cycle 23.

g-order Mass Exponent of Interplanetary Magnetic Field during Solar Cycle 23
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Fig. 6 — The g-order Mass Exponent (tq) of IMF during the Solar Cycle 23.

It was noticed from Figure 6 that the monofractal and white noise time series characterized by a
single exponent over all time scales and tq is independent for the value of gq. For multifractal time
series, tq shows variations with respect to q. The tq value of multifractality starts from —4.5 for the
q-value of —5 while it touches the highest value at the g-value of 5, which is quite similar to the
various values of monofractal time series. Therefore the solar wind velocity is showing the non

homogeneous multifractal behavior during solar cycle 23.
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v) Conclusions

In this study, we attempted to demonstrate the multifractal properties of solar wind velocity
and IMF plasma parameters using multifractal spectrum analysis. This multifractal property of solar
wind velocity and IMF parameters is a key significance in studying solar wind plasma turbulence
for a symmetric scaling. These fluctuations in Solar wind velocity and IMF are not quite of a random
nature but result shows its non-linear dynamic behavior. It is worth noting that idea of multifractality
Is applied also throughout a broad range of scientific studies from interstellar medium (Falgarone
and Puget, 1995; Cho et. al. 2003; Kritsuk and Norman 2004; Balsara & Kim 2005) to biological
and social systems (Schroeder 2000).

We have studied the inhomogeneous rate of the transfer of the energy flux indicating
multifractal behavior of solar wind turbulence in solar plasma. In particular, we have identified
somewhat smaller degree of multifractality during solar cycle 23 for the disturbed solar wind and
IMF; where turbulence evolves indicate more perturbation. By investigating OMNI data for solar
wind fluctuation we have shown that the degree of multifractality and asymmetry of the perturbed
solar wind velocity and IMF exhibit geomagnetic storm dependence with some symmetry with
respect to the ecliptic plane. Both quantities seem to be correlated during solar cycle. The
multifractal singularity spectra become roughly symmetric.

The fluctuation in multifractality of solar wind velocity and IMF is observed various times
during solar cycle 23. The multifractal overall RMS (F) of solar wind velocity and IMF is a singularity
multifractal spectrum for the monofractal, white noise and multifractal time series for the selected
segments of scale sample size. It was recorded that the monofractal and white noise spectrum
following the line path and there were not any presence of deviations while the multifractality
spectrum is omitting several time of solar wind velocity and IMF. The g-order hurst exponent (Hq)
and g-order mass exponent (tq) are also displaying these similar variations in multifractality of
solar wind velocity and IMF for the g-value ranging from =5 to 5. The g-order hurst exponent (Hq)
shows more variability in multifractality spectrum as compared to monofractal and white noise.
Similarly the multifractality of g-order mass exponent (tq) is showing more highest and lowest
variability as compared to monofractal and white noise. Our results provide direct supporting
evidence the Solar wind plasma parameter is likely to have multifractal structure.

This variability in multifractality spectrum are possibly related to the transition from the region
where the interaction of the fast and slow streams takes place to a more homogeneous region of
the pure fast solar wind. Basically, the multifractal spectra for solar wind velocity and IMF are
consistent with the generalized for both positive and negative, but rather with different scaling
parameters for sizes of eddies in the ecliptic while in most cases it is sufficient to reproduce the
spectrum of the fast solar wind in the solar plasma. Hence this model appears to be good tool for
describing of solar wind turbulence and allowing for a unifying description of its multifractal
characteristics. Therefore, we may propose this cascade model describing intermittent energy
transfer for analysis of turbulence in various environments (Krasnoselskikh et. al., 2013).

vi) Acknowledgements

The authors are very much thankful to OMNIWeb data server for providing the data sets of

solar wind plasma parameters and IMF of solar cycle 23.

JETIR1901G82 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | b619


http://www.jetir.org/

© 2019 JETIR January 2019, Volume 6, Issue 1 www.jetir.org (ISSN-2349-5162)

vii) References

» Balsara Dinshaw S. andKim Jongsoo, (2005) “Amplification of Interstellar Magnetic Fields
and Turbulent Mixing by Supernova-Driven Turbulence: The Role of Dynamical
Chaos”,Institute of Physics, The Astrophysical Journal, Vol.: 634, Issue: 1, PP: 390-406.

» Biswas A., Nath B., Bhattacharya P., Halder D., Kundu A.K. and Mandal U., (2012), “Testing
Tube-Well Platform Color as a Rapid Screening Tool For Arsenic and Manganese in Drinking
Water Wells”, Environment, Science and Technology, Vol.: 46, PP: 434-440.

» Bruno R. and Carbone V., (2005) “The Solar Wind as a Turbulence Laboratory”, Living Review
Solar Physics (LRSP), Springer International Publishing, Vol.: 2, Issue: 10.

» Bruno R., Carbone V., Sorriso-Valvo L. and Bavassano B., (2003) “Radial Evolution of Solar
Wind Intermittency in the Inner Heliosphere”, Journal of Geophysical Research, Vol.: 108,
Issue: A3, PP: 1130-1145.

» Bruno R., Carbone V., Veltri P., Pietropaolo E. and Bavassano B., (2001) “ldentifying
Intermittency Events in the Solar Wind”, Planetary Space Science, Vol.: 49, PP: 1201-1210.

» Burlaga L., (1991) “Intermittent Turbulence in the Solar Wind”, Journal of Geophysical
Research Vol.: 96, Issue: 15, PP: 5847-5851.

» Burlaga L., Perko J. and Pirraglia J., (1993) “Cosmic Ray Modulation Merged Interaction
Regions and Multifractals”, Astrophysics Journal, Vol.: 407, PP: 347-358.

» Burlaga L., (2001) “Lognormal and Multifractal Distributions of the Heliospheric Magnetic Field”,
Journal of Geophysical Research, Vol.: 106, Issue: 15, PP: 917-927.

» Cho Jungyeon, Lazarian A. and Vishniac Ethan T., (2003) “Ordinary and Viscosity-Damped
Magneto-hydrodynamic Turbulence”, Institute of Physics, The Astrophysical Journal, Vol.:
595, Issue: 2, PP: 840-852.

» FalgaroneE. and Puget J.L., (1995) “The Intermittency of Turbulence in Interstellar Clouds:
Implications for the Gas Kinetic Temperature and Decoupling of Heavy Particles from the Gas
Motions”, Astronomy and Astrophysics, Vol.: 293, PP: 840-852.

» Feder J., (1988), “Fractals”, New York Plenum Press.

» Horbury T.S. and Balogh A., (2001) “Evolution of Magnetic Field Fluctuations in High Speed
Solar Wind Streams: Ulysses and Helios Observations”, Journal of Geophysical Research, Vol.:
106, Issue: 15, PP: 929-940.

» HnatB., Chapman S.C. and Rowlands G., (2003) “Intermittency, Scaling and the Fokker-Planck
Approach to Fluctuations of the Solar Wind Bulk Plasma Parameters as Seen by the WIND
Spacecraft’, Physical Review E, Vol.: 67, Issue: 5, PP: 1-5.

» Kantelhardt Jan W, Bunde Eva Koscielny, Rego Henio Henriqgue Aragao, Havlin Shlomo and
Armin Bunde, (2001), “Detecting Long-Range Correlations with Detrended Fluctuation
Analysis”, Physica A, Vol.: 295, Issue: 3-4, PP:441-454.

» Kantelhardt Jan W., Zschiegner Stephan A., Koscielny-Bunde Eva, Bunde Armin, Havlin
Shlomo and Stanley H. Eugene, (2002) “Multifractal Detrended Fluctuation Analysis of Non-
Stationary Time Series”, Physica A, Vol.: 316, PP: 87-95.

JETIR1901G82 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | b620


http://www.jetir.org/
https://iopscience.iop.org/volume/0004-637X/595
https://iopscience.iop.org/volume/0004-637X/595
https://iopscience.iop.org/issue/0004-637X/595/2

© 2019 JETIR January 2019, Volume 6, Issue 1 www.jetir.org (ISSN-2349-5162)

>

Krasnoselskikh V., Balikhin M., Walker S.N., Schwartz S., Sundkvist D., Lobzin V., Gedalin M.,
Bale S.D., Mozer F., Soucek J., Hobara Y. and Comisel H., (2013) “The Dynamic Quasi-
Perpendicular Shock: Cluster Discoveries”, Space Science Reverse, Vol.: 178, PP:535-598.

Kritsuk Alexei G. and Norman Michael L., (2004) “Scaling Relations for Turbulence in the
Multiphase Interstellar Medium” The Astrophysical Journal, Vol.: 601, Issue: 20, PP: L55-L58.

Mandelbrot B.B., (1989) “Multifractal Measures Especially for the Geophysicist” Pure and
Applied Geophysics, Vol.: 131, PP: 5-42.

Marsch E. and Liu S., (1994) “Structure Functions and Intermittency of Velocity Fluctuations in
the Inner Solar Wind”, Annals of Geophysics, Vol.: 11, PP: 227-238.

Marsch E. and Tu C.Y., (1994) “Non Gaussian Probability Distributions of Solar Wind
Fluctuations”, Annals of Geophysics, Vol.: 12, Issue: 12, PP: 1127-1138.

Marsch E., Tu C.Y. and Rosenbauer H., (1996) “Multifractal Scaling of the Kinetic Energy Flux
in Solar Wind Turbulence”, Annals of Geophysics, Vol.: 14, PP: 259-269.

Marsch E. and Tu C.Y., (1997) “Intermittency, Non-Gaussian Statistics and Fractal Scaling of
MHD Fluctuations in the Solar Wind”, Nonlinear Processes in Geophysics, Vol.: 4, PP: 101-
124.

Pagel C. and Balogh A., (2003) “Radial Dependence of Intermittency in the Fast Polar Solar
Wind Magnetic Field using Ulysses”, Journal of Geophysical Research, Vol.: 108, Issue: A1,
Vol.: 1012-1022.

Schroeder M.R., (2000) “Fractals, Chaos, Power Laws: Minutes from an Infinite Paradise”, W.H.
Freeman and Company, New York.

Sorriso V.L., Carbone V., Veltri P., Consolini G. and Bruno R., (1999) “Intermittency in the Solar
Wind Turbulence Through Probability Distribution Functions of Fluctuations”, Geophysical
Research Letters, Vol.: 26, PP: 1801-1804.

Szczepaniak A. and Macek W.M., (2008) “Asymmetric Multifractal Model for Solar Wind
Intermittent Turbulence”, Nonlinear Processes of Geophysics, Vol.: 15, PP: 615-620.

Takayasu H., (1989), “Fractals in the Physical Sciences”, Manchester University Press,
Manchester and New York.

Telesca Luciano, Lapenna Vincenzo and Macchiato Maria, (2004) “Mono and Multifractal
Investigation of Scaling Properties in Temporal Patterns of Seismic Sequences”, Chaos
Solitons and Fractals, Vol.: 19, Issue: 1, PP: 1-15.

Yordanova E., Balogh A., Noullez A. and Steiger R., (2009) “Turbulence and Intermittency in
the Heliospheric Magnetic field in Fast and Slow Solar Wind, Journal of Geophysical Research,
Vol.: 114, Issue: A, PP: 81-91.

Yu Qun, Zhang Xinmin and Bi Xin, (2011) “Roles of Chromatin Remodeling Factors in the
Formation and Maintenance of Heterochromatin Structure”, Journal of Biochemistry and
Molecular Biology, The American Society for Biochemistry and Molecular Biology, PP: 1-25.

JETIR1901G82 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | b621


http://www.jetir.org/

