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1. Background

Turbulence pervades many fields of astronomy, therefore it is important to know its
effects on the studied problem as accurately as possible. Incorporating turbulence into
the given field of astronomy generally requires tough persistency, although due to the
rapidly evolving computer technics and the numerous previously developed numerical
methods treating turbulence give more opportunity to astrophysicists. My aim was
studying scale-dependent turbulent phenomena in two different fields of astronomy.

Molecular clouds, and particularly the dense cold cloud cores, as star birth areas, are
principal targets of astronomical research. Hence their study has a long history, such
as the study of the number density (and fractional abundances) distribution of cloud
constituents. The first theoretical models were quite simple, but later gradually have
been improved considering more and more chemical reactions and physical processes,
even so they cannot match perfectly observations. One of the possible explanation
for that could be that the treatment of turbulent diffusion has remained extremely
sketchy. Due to supersonic interstellar turbulence driven by supernova explosions and
stellar winds of bright young stars, the diffusive processes in cold cloud cores are highly
scale-dependent, hence it is inevitable to use diffusion more complex than simple Fickian
diffusion. Anomalous diffusion could be an appropriate alternative in this case. My work
is a first exploration of the effect of superdiffusion on the chemistry of molecular clouds.
Our aim was to study how superdiffusion alters the evolving steady-state fractional
abundances after a given characteristic time.

In the second part of my thesis I discussed the magnetic field of the quiet Sun. Alt-
hough our knowledge about the structure of the magnetic field in the solar photosphere
is ample, it is still far from being fully understood. Neither global nor local dinamo is
known in every detail, and we also do not have information about how large magnetic
field is hidden in the highly tangled, microturbulent weak magnetic field lines. While
magnetic field with small filling factor, concentrating in kilogauss strength flux tubes
can be observed since the 70’s, the weak magnetic network had been hidden from our
instruments. Its developing resolution and the use of Hanle effect enabled to reveal that
twisted turbulent component. We do not know yet how large magnetic field is hidden
due to the present resolution limit of our devices.

Related to the solar magnetic field I studied the relationship between the turbulent
magnetic energy spectra and the so called cancellation function, which is defined as the
unsigned flux density seen at a finite resolution in a longitudinal magnetogram. Based
on Hinode magnetograms recent studies demonstrated that the cancellation function
has a shape of a power law. Our aim was to determine the relationship between the
exponents of the cancellation function and of the turbulent magnetic energy spectra.

2. Methods

Both parts of my study apply Fourier analysis. To determine the effects of anomalous
diffusion I solved the diffusion equation with different initial distributions. The chemical
network was replaced by a special source term based on the diffusionless equilibrium
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solution, and we used scale-dependent diffusivity instead of a scalar diffusion coefficient.
Since this last one can be used only in Fourier space, we have to translate the initial
differential equation into Fourier space, where we got a simple algebraic equation. Sol-
ving this equation one can get the Fourier transformation of the required equilibrium
distribution. I processed the different steps – transformation of the initial distribution
into Fourier space, making the necessary algebraic operations in Fourier space, and the
inverse transformation of the resulted distribution – with an IDL code written by myself.
Using MAPLE software package I tested my IDL code on analytically treatable initial
distributions. I also performed calculations with more realistic initial density distribu-
tions and compared the resulted stationary fractional abundances obtained from the
diffusive and from the superdiffusive case. I wrote a C code to solve the diffusion equa-
tion with Euler method to determine to which extent modifies the results in the diffusive
case if we use non-uniform main component density. Based on that I estimated the effect
of this modification in the superdiffusive case.

In the case of the study of the solar photospheric magnetic field I performed Monte
Carlo simulation to confirm the derived analytical relationship between the cancellation
exponent (κ) and the exponent of the turbulent magnetic energy spectra (α) and to
specify the scope of this relationship. I performed this task using IDL too. First I
build up the Fourier transform of the magnetic field with random phases based on
the magnetic energy spectra, then using inverse Fourier transform I got the required
magnetograms. Simulating the finite instrumental resolution with masks with different
sizes I calculated the magnetic flux related to the given resolution size. This process
was performed several times and finally the results was averaged. Linear fitting, in
logarithmic plot, corresponding resolution and flux values I obtained the cancellation
exponent. I repeated this method using a wide scale of α values. Finally studying the
corresponding κ − α values I verified the analytically derived relationship, refined its
scope, and determined the connection between κ and α alpha values outside this scope.

3. Theses

1. Studying the effects of scale-dependent diffusivity on the chemistry of molecular
clouds I obtained the following results [1, 1, 2]:

a) I developed an IDL code to study fractional abundances in molecular clouds
using scale-dependent diffusivity.

b) I tested the valid operation of that IDL code calculating cases with more
simple initial distributions by MAPLE software package.

c) Using that IDL code I demonstrated that using uniform main component
distribution there is a significant difference between the diffusive and super-
diffusive cases using both the more simple test distributions and the more
realistic distributions.

d) I obtained the same results in the case of non-uniform clouds. This demonst-
rates that incorporating the more realistic superdiffusion into molecular cloud
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models we could get more accurate fractional abundances, hence it would be
very fruitful. One of the shortcomings of the previous models was that com-
pared to the observations they resulted in more oxygen in the centre of the
cloud. My calculations demonstrated that with superdiffusion there will be
less O2 in the cloud centre after a given characteristic time than in the simple
diffusive case. Hence incorporating superdiffusion into detailed chemical mo-
dels could result in better correspondence with observations.

2. Studying the solar photospheric magnetic field the following resuls were attained
[2]:

a) Based on theoretical constraints we derived an analytical relationship between
the exponents of the cancellation function (κ) and the turbulent magnetic
energy spectra (α).

b) To verify this relationship I developed an IDL code to run Monte Carlo si-
mulations.

c) Both in the one and the two dimensional cases I created artificial magnetog-
rams based on different turbulent magnetic energy spectra then determined
the value of the cancellation exponent. Studying the obtained κ− α values I
verified the derived analytic relationship (α = 2κ−1) and refined its scope. I
also performed calculation outside this scope and determined to which extent
differs the κ − α relationship from the analytical one. The results obtained
from these Monte Carlo simulations enables us to predict statements about
the solar photospheric turbulent magnetic energy spectra based only on the
cancellation function derived from observed magnetograms and about the
possible validity of different local dynamo models.
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