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Figure 6. Typical relation between curvature of the planar orbit and minimum
distance from ZVC.

From “gure 5 one can se an interesting dependance of orbit curvature on minimal dis-
tance of the particle from ZVC. In regions near ZVC, orbit curvature has exponential
decrease, while in the regions far from ZVC, orbit curvature has linear increase with
minimal distance from ZVC.

From the all mentioned above, one can conclude that locations of the extreme
values of the local geometrical parameters of ZVC and ZVC are related to the position
of their points with reference to large masss. Also, local geometrical parameters of
Z\VC and ZVS may in"uence the local geometry of the orbit of the third body of the
system.
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Abstract. Assigning physical coordinates to FITS image pixels is important to standardize
the Rozhen fits files. Among wide spread WCS software available, here we present tests
based on the IDL implementation of the WCS standards. Our goal is to apply this
implementation for calculating and adding the necessary WCS FITS keywords in the
image headers. The obtained results are verified by comparing the image object positions
with the astrometry from HIPPARCOS and USNO A-2.0 catalogs.

1. INTRODUCTION

There are several conventions that have been defined about specification of the
physical or world coordinates attached to each pixel of an N-dimensional image
(Greisen and Calabretta, 2002; Calabretta and Greisen, 2002). One common
example is to link each pixel of an astronomical image to a specific direction on
the sky (such as right ascension and declination). By world coordinates, one
means coordinates which serve to locate a measurement in some multi-
dimensional parameter space. In general the FITS world coordinate system
(WCS)' of an image is defined by keywords in the FITS header. The basic idea is
that each axis of the image has the following keywords associated with it:

- CTYPE; - Type of coordinate on Axis i, 8 characters (The FITS WCS
standard defined 25 different projections which are specified by CTYPE
keyword.)

- CRPIX; - Reference pixel on Axis i.

- CRVAL; - Value of World Coordinate as Axis i at reference point (CRPIX;).

- CDj; - A matrix of partial derivatives of the world coordinates with respect to the
pixel coordinates.

! http://tdc-www.harvard.edu/wcstools/wcsprogsh.html
253



GALIN BORISOV and ORLIN STANCHEV

There are a number of software packages for reading, using or modifying the
astrometric information and WCS parameters in the image header. Some of the
most common packages are IRAF?, WCSTools, WCSLib’>, TERAPIX Software
and the packages in the astronomy IDL library.

In this work we use IDL astronomy library for computing the astrometric
keywords. For visualization and inspection of the obtained results we use Aladin
as a Java Standalone application by Centre de Données astronomiques de
Strasbourg.

2. USED IDL ROUTINE:

STARAST - Computes an exact astrometric solution using the positions and
coordinates from 2 or 3 reference stars and assuming a tangent (gnomonic)
projection. If 2 stars are used, then the X and Y plate scales are assumed to be
identical, and the axis are assumed to be orthogonal. Use of three stars will allow a
unique determination of each element of the CD matrix and automatically append
them as an appropriate FITS WCS keywords in the image header.

INITIAL DATA - For this work we used CCD images from two telescopes ar
Rozhen National Observatory as well as plate archive data (WFPDB). Here are
some technical details for the telescopes. In Table 1 we show the technical
parameters of the VersArray CCD camera.

Schmidt telescope - Rozhen Observatory

Scale: 120 arcsec/mm

Scan resolution: 1600 DPI=> 1px = 16 um

The scans have nonstandard orientation - the image coordinates are transposed
Ipx = 1.92 arcsec = 5.333e-4 degrees

2mRCC Telescope with FoReRo2 - Rozhen Observatory
RC Scale: 12.89 arcsec/mm

FoReRo2 Scale: 36.8 arcsec/mm

Ipx = 0.88 arcsec = 2.444e-4 degrees

Table 1: Technical details for the VersArray CCD camera used with the 2mRCC
telescope.

VersArray: 512B CCD camera parameters

CCD CHIP MODEL E2V CCD77-00

? http://iraf.noao.edu/
? http://www.atnf.csiro.au/people/mcalabre/WCS/
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VersArray: 512B CCD camera parameters

CHIP DIMENSIONS 512x512 pixels

PIXEL DIMENSIONS 24x24 pym

READOUT NOISE 3.3 electron/pixel RMS
CCD CHIP COOLING liquid nitrogen

3. METHODS AND RESULTS

The coordinates of the center of the images are roughly known, so we need to
perform a “3 stars astrometry”, using STARAST IDL routine in order to determine
them more precisely.

The procedure we used is as follows:

The first step is to choose 3 stars in the field of the image, which are apart from
the center. With their catalog positions we compute the coordinates of the
unknown center of the image. This is our “first approximation” astrometric
solution.

The sub-figures 1 & 2 (indicated with “wcsl”) represent the catalog
coordinates (red circles) over plotted onto the FITS images. The figures clearly
show that the obtained results are quite good.

We found even more simple approach which we call “zero approximation”.

First we add the matrix elements CD1 2 and CD2 1 in the FITS header as zero
values. These WCS keywords are connected with the frame orientation. Second,
for the CD1 1 and CD2 2 values we use the pixel size in degrees. The pixel
coordinates of the image center corresponds to the CRPIX1 and CRPIX2 WCS
keywords. Initially predicted center coordinates (in degrees) are added in the FITS
header as CRVAL1 and CRVAL2 keywords. According to the results (represented
in subfigures 1 and 2, labeled with “wcs0”) it seems that the astrometric solution
could be used as a rough estimation of the standard FITS WCS keywords. The
approach we use is a straightforward procedure for adding the FITS WCS
keywords in the image header even during the observation, without using any third
party software (IDL, IRAF, etc.)
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Figure 1. Central part of the Schmidt plate ROZ 050 002581, Object: Praesepe.
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Figure 2. 2mRCC - FoReRo02 image of the comet P/2010 H2.

In the sub-figure 1 (indicated with “wcs0db”) it is obvious that when using the
central coordinates available in the Wild Field Plate DataBase (WFPDB)” the
“zero approximation” gives unsatisfactory results. We believe that this is due to
some uncertainties in the proposed central coordinates.

4. CONCLUSIONS

Here we suggest several simple steps for adding standard WCS keywords in
the headers for the Rozhen FITS images. This could be the first step to make the
Rozhen Fits Archive more consistent with the VO standards.

Our results show that the “first approximation” solution (computing the
unknown center coordinates of the image by using the catalog coordinates for 3
stars, chosen to lie remote from the image center) gives more appropriate results
than the “zero approximation” approach when the WFPDB data were used.
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Abstract. We present preliminary results of a possible cyclic activity of the flare star II TAU
based on flare activity observed during long monitoring campaign of the Pleiades region per-
formed in 60-80-ies of the last century. Bayesian statistical analysis (Gregory-Loredo method
for periodic signal detection of unknown shape in time-series with Poissonian and Gaussian
errors) of the registered flare times and released energies during the maximum of the flares
indicates on a 3-3.5 year activity period.

1. INTRODUCTION

Even historical observations of the Sun show increase and decrease sunspots num-
bers roughly in 11 year period. Because the sunspots are magnetic in nature, it is
natural, that the cyclic activity is a result of a variation in a surface magnetism.
Moreover, the solar cyclic activity in the form of flares and related phenomena has
long been known, the discovery that such activity occurs on most stars, and that it
frequently appears in more violent forms on stars other than the Sun, prompted a
further reassessment of the nature of stars.

In particular, the flare activity of the red dwarf stars in stellar associations and
star clusters, as well as in the solar vicinity can be considered as another important
property common for them at some evolutionary stage.

However, in contrast, the cyclic activity of the flare stars is not enough investigated
yet. In particular, as suggested by Mirzoyan & Oganyan (1977), according to the flare
statistics, only half of the probable members of the Pleiades open cluster, having low
luminosity ,exhibited flare activity during the period of all observations. To explain
this discrepancy with ideas about the evolutionary significance of the flare phase of
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stars, through which all dwarfs pass, two suggestions are made: that the flare activity
is cyclic and that there is a large dispersion in the duration of the flare activity phase
for stars of the same luminosity. Some evidence for the first possibility is put forward,
i.e the flare activity of the stars is cyclic, like the Sun: periods of maximal flare
activity are followed by periods of comparative quiescence. Possible cases and other
arguments in favor of this kind of variability are given elsewhere (Gurzadian 1985,
Pettersen 1989, Parasamian and Andrews 1996, Akopian 1999, 2001, 2008, Akopian
and Sargsyan 2002).

Here, we present preliminary analysis of possible cyclic activity of the flare star
II TAU or HIT 2411; T55; HCG 377; A11; A12; A41; A51; R9 based on the flare ac-
tivity observed during long monitoring campaign of the Pleiades region performed in
60-80-ies of the last century. We used a Bayesian statistical analysis developed by Gre-
gory & Loredo (Gregory and Loredo 1992, Gregory 1999) (henceforth GL method) for
periodic signal detection of unknown shape in time-series with Poissonian/Gaussian
errors, i.e an application to the registered flare times and released energies during the
maximum of the flares of IT TAU.

2. DATA ANALYSIS AND RESULTS

The flare star IT TAU for observational period spanning over ~ 20 years is known
as a most frequently flaring one in the Pleiades region (Haro et al. 1996). Having at
disposal the Flare Stars Database (Tsvetkova et al. 1995, 1996) we took the data for
all flares registered in the observational period, in total 132, of II TAU, in different
photometric bands, mostly in U or photographic (Pg). The flare amplitudes were
converted from Pg to U photometric band taking into account synchronous or parallel
observations of some flares. Unfortunately, the exact times of registered flares of 11
TAU are not given in the published papers, and we adopted such with uncertainty of
6 hours. Since the characteristic time scales considered in this study are much longer
than this uncertainty this assumption can not have crucial influence upon our results.
The data set of flares of IT TAU is shown in Fig. 1.
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Figure 1. Long-term flare activity of II TAU, flare amplitude in U photometric
band vs flare registered time, is shown spanning ~ 8000 days. Error bars of the flare
amplitudes are adopted according to the accuracy of the photographic photometry
at the maximum of the flare. The GL method, a Bayesian approach for periodic
signal detection of unknown shape with Gaussian noise is applied to this data set (for
details, see text).
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Figure 2. Distributions of AU amplitudes of flares (left panel) and registered times
of flares (right panel) of the most frequently flaring star IT TAU in the Pleiades region.
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In order to detect cyclic activity of II TAU we first applied the GL method de-
veloped by Gregory & Loredo (1992) to the above described data set, assuming that
the flare amplitudes in U photometric band at the flare maximum are in the case of
Gaussian errors (Gregory 1999, 2005).

The method is using a Bayesian approach to the problem of detection and charac-
terization of a periodic signal in a time series when we have no specific prior knowledge
of the existence of such a signal or of its characteristics, including shape.

In the current approach, we are dealing with stellar magnitude measurements i.e.
analyzing a sampled time series with Gaussian noise (Gregory 1999). This analysis
does not assume uniform sampling; the approach allows us to draw optimal inferences
about the nature of the signal for whatever data is available.

Thus, for the IT TAU flare data sets, for which long term observations are avail-
able, we can represent the measurements of the flare amplitudes in U — band and
corresponding errors spanning more than 20 years, by the equation:

AUP = AUM +-¢; + s

where AUZ-O is the measured flare amplitude at time t;, AUM the periodic model or
constant model prediction at time t;, ¢; the component of AU, which arises from
measurement errors, and s is any additional unknown measurement errors plus any
real signal in the data that cannot be explained by the model prediction AUM.
Under the proposition that the quantity AU® — AUM obeys to the Gaussian
distribution, for the Bayesian posterior probability of the angular frequency (w = 27)

P
of a periodic signal we may write (Gregory 1999, 2005):

C [*rids [*" 1 &
] _ § 2
P'I"b(w‘AU ,Mm) = ; Alo ?A eXp(_§ ; XWJ>

Py

LT
H Wiler fe(yjmin) — er fe(Yjmaz)]dd,
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where C = [fw“’ L Pro(w|AUS, M)\, = Xy (A[Jf#

I AU /(% +¢€7)
Wy = 0, sk, < AUy, >= 220/,

J

and erfc(y = ﬁ fy exXp (uz)du7 Ymin,mazx = \/@(AUmin,mam_ < AUW7 >)'

The GL method is intended to compute the ratio of the probabilities (odds ratio)
of two models, i.e. periodic and constant. The periodic model is a family of models
capable of describing a background plus a periodic signal of arbitrary shape.

A priori, we assume that the constant and periodic models have equal probability.
Each member of the family of the periodic models is a histogram with m bins, with
m ranging from 2 to some upper limit, typically 12. The unknown parameters are
P (period), ¢ (phase offset of start of data and beginning of first bin), m (number of
bins), and s (extra Gaussian noise parameter).

The long-term period search was performed in the range of 250 to 2500 days. As
a result, we obtained a most likely periodicity of 1220 days with a 68 % credibility
range of 1100 to 1300 days of activity cycle length.
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Next, we applied the GL method in the case of Poissonian errors to the registered
times of the flares of II TAU. Again we compared hypothesis constant vs periodic,
i.e. flare arrival times are consistent with purely constant rate Poissonian process
or there is an evidence of cyclic activity. Despite of the spare data set, we obtained
result again supporting our idea on a possible periodicity of 3.0-3.5 years (see above)
with analysis of the amplitudes of the flares of II TAU.

In addition, we have simulated large number of random data sets with a similar
number of data points (e.g. 100 to 150), with a certain cycle length (e.g. 3-5 years),
and also measurement errors (+0.1—0.3 mag) to check, how precise we can then deter-
mine the cycle length with our method. It shows that for overwhelming majority cases
our approach with Bayesian statistics has detected the periodic signal, i.e. possible
cyclic activity of II TAU. Unfortunately, this powerful approach, certainly extracting
more information from the available data than other methods, can be applied only
in a few cases, when statistically significant number of flares have been registered.
Nevertheless, an approach for a synthetic flare star could be applicable, assuming
that the flare stars of the similar luminosities observed in the Pleiades region possess
approximately the same flaring activity (Ambartsumyan 1978).
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Figure 3. Log of Bayesian posterior probability of density function of period of
amplitudes (AU left panel) and registered times of flares (right panel) of HCG 377
is shown. The application of the GL method in the case of Gaussian and Poissonian
noise revealed a significant period of ~ 1220 days (higher harmonics also are indicated
by vertical lines). A Bayesian odds ratio of periodic vs constant model is equal ~ 100
(for details, see text).
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Abstract. The review of activities on the project 146001 “Influence of collisional
processes on the astrophysical plasma spectra”, supported by the Ministry of Science and
Technological development of Serbia, from 1% of January 2008 up to 31* of December
2009 is given, together with the bibliography of published works.

Investigations made within the frame of the Project “Influence of collisional
processes on spectra of astrophysical plasma” concern plasma in astrophysics, la-
boratory and technology. Particular attention has been paid to the investigation of
spectral line profiles, of interest for the diagnostics and modelling of stellar plas-
ma, plasma in laboratory and technological plasma, broadened by collisions with
charged particles (Stark effect). Semiclasical perturbation and Modified semiem-
pirical methods were used, developed, tested and investigated. They were applied
for determination of Stark broadening parameters, and obtained results were used
for the investigation of its influence in stellar atmospheres.

Participants of the Project published 8 papers in leading international journals
(the upper third of Science Citation Index (SCI) list), namely in (with the number
of published papers in the brackets) Astronomy and Astrophysics (1), Astrophysi-
cal Journal (3), Astrophysical Journal Supplement Series (1), Monthly Notices of
the Royal Astronomical Society (2), Spectrochimica Acta B (1). In the rest of
journals from SCI list as New Astronomy (1), New Astronomy Review (5) and
European Journal of Physics D (1) were published 7 articles and in international
journals which are not on SCI list and in books of international publishers 18
works.

Other results are: Invited lectures on international conferences published in
books of international publishers (2) and in conference proceedings (2), mono-
graphs published in Serbia (1), articles in national journals and books (16), con-
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tributions in proceedings of international conferences (17), published invited lec-
tures at national conferences (2), contributions in proceedings of national confe-
rences (22), abstracts of invited lectures on international conferences (10), ab-
stracts of presentations on international conferences (49), abstracts of invited lec-
tures on national conferences (3), book reviews in international journals (1) ab-
stracts of presentations on national conferences (3). Within the considered period
Zoran Simi¢ defended his PhD Thesis.

In total, project participants published 139 bibliographical items, 83 connected
with project and 56 not.

Participamts of the Project organized four conferences and one summer school,
giving and in this way contribution to the development of scientific collaboration.
They are:

1. « DEVELOPMENT OF ASTRONOMY AMONG SERBS V», Belgrade, 18 —
22. April 2008, Chairman of the Scientific Committee M. S. Dimitrijevic,
members of the Local Organizing Committee M. Daci¢, M. S. Dimitrijevic.

2. 6™ SERBIAN-BULGARIAN ASTRONOMICAL CONFERENCE, Belgrade, 7
— 11. May, 2008, Co-Chairman of the Scientific Committee M. S.
Dimitrijevi¢, members M. Daci¢, D. Jevremovi¢, Chair of the Local Organiz-
ing Committee A. Kovacevi¢, members M. Daci¢, M. S. Dimitrijevi¢, N.
Milovanovi¢, Z. Simic.

3. 24TH SUMMER SCHOOL AND INTERNATIONAL SYMPOSIUM ON
THE PHYSICS OF IONIZED GASES - [SPIG 2008], August 25-29, 2008,
Novi Sad, Serbia, Co-Chairman of the Local Organizing Committee M. S.
Dimitrijevi¢, members A. Kovacevi¢, M. Daci¢, N. Milovanovi¢, Z. Simi¢.

4. THE SECOND SUMMER SCHOOL IN ASTRONOMY, September 29 — Oc-
tober 1, 2008, Belgrade, Serbia, Co-Chairman of the Scientific Committee
M. S. Dimitrijevi¢, Chair of the Local Organizing Committee A. Kovacevi¢,
members M. Daci¢, Z. Simi¢ (This School is in official program for the
celebration of 200 years from the foundation of the University of Belgrade).

5. 7™ SERBIAN CONFERENCE ON SPECTRAL LINE SHAPES IN ASTRO-
PHYSICS, June 15-19, 2009, Zrenjanin, Serbia; Co-Chairman of the Scientific
Committee M. S. Dimitrijevi¢, member D. Jevremovi¢, Chairman of the Lo-
cal Organizing Committee D. Jevremovi¢, members M. Daci¢, M. S.
Dimitrijevi¢, A. Kovacevi¢, Z. Simi¢

Project participants also contributed to the organization of the following
conferences:

1. «DJORDJE STANOJEVIC — LIFE AND WORK - On the occasion of 150
years from his birth*, Novi Sad, 10-11 October 2008, M. S. Dimitrievi¢ — Editor
of Proceedings and memeber of Scientific Organizing Committee.

2. 15" WORKSHOP: ASTROPHYSICAL WINDS AND DISKS. SIMILAR
PHENOMENA IN STARS AND QUASARS, Platamonas, Greece, September
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3-8, 2009, Co-Vice chairman of the Scientific Committee M. S. Dimitrijevic,
members A. Kovacevi¢, Z. Simié

3. XV NATIONAL CONFERENCE OF ASTRONOMERS OF SERBIA,
Belgrade, October 2-5, 2008, member of the Local Organizing Committee A.
Kovacevic,

4. INTERNATIONAL CONFERENCE ON SPECTRAL LINE SHAPES, 15-20
June 2008, Valladolid, Spain, member of the Scientific Committee M. S.
Dimitrijevié¢

From 2008 to 2009, seven researchers were working on this project, six from
Belgrade Astronomical Observatory and Andjelka Kovacevi¢ from Faculty of Ma-
thematics. The leader of the project during the considered period (1% of January
2008 — 31* of December 2009) was M. S. Dimitrijevié, and the participants are:

1. Miodrag Daci¢ (born 1946) total 20 RM (Research Months)
Milan S. Dimitrijevi¢ (born 1947) total 24 RM

Darko Jevremovi¢ (born 1968) total 18 RM

Andjelka Kovacevi¢ (born 1972) total 16RM

Nenad Milovanovi¢ (born 1979) total 24 RM

Zoran Simi¢ (born 1967) total 24 RM

Dragana Tankosi¢ (born 1968) total 8 RM

Nownkwbd

During two years, seveen participants were engaged for 134 research months,
i.e. 11.2 years. The average age was around 46 years (or the average year of birth
1963.9).

The Ministry of Science and Technological Development of Serbia, accepted
the project in accordance with the call for projects announced in 2005, and the de-
tailed financial structure of this project during the considered period is shown
below.

2009.
. 1. Salaries for the researchers 8 121 038 RSD
. 2. Expenses of the institution 2320 320 RSD
. 3. Direct expenses of the Project 596 654 RSD
Sub-Total 11038 012 RSD

2008.
. 1. Salaries for the researchers 6 009 281 RSD
. 2. Expenses of the institution 2 001 003 RSD
. 3. Direct expenses of the Project 890 952 RSD
Sub-Total 8901236 RSD
Total 2008 - 2009. 19 939 248 RSD

(~210 000 EUR — 1 EUR = 95 RSD)
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Decisions on overhead costs were made by director, of Astronomical observa-
tory and they were used for administration and for general expenses of the Institu-
tion. While decisions concerning expenses for travels, international collaboration,
equipment, and material were made on the Project level.

During 2008. and 2009. years, the investigations of the influence of
collisional processes on astrophysical plasma spectra were performed in several
directions. The research of the influence of Strak broadening on spectra of
chemically peculiar A type stars and white dwarfs have been continuated. The
common influence of Stark broadening effect and of hyperfine structure on the
lines of ionized manganese has been considered, it was shown when these effects
are important and how they can be taken into account. (Popovi¢ et al., 2008,
New Astronomy, 13, 85).

It has been investigated the dependence on temperature of Stark broadening in
stellar spectra and proposed an improved method to take into account this
dependence, for the calculation of stellar atmosphere models and in laboratory
plasma diagnostics (Zmertli et al., 2008, European Journal of Physics D 48, 389).

The influence of Stark broadening at very hot (effective temperature from 40000
to 100000 K) and dense white DO dwarfs was considered, and applying the code for
the calculation of atomic structure, were ab initio determined Strak broadening
parameters for Si VI spectral lines (Hamdi et al., 2008, Monthly Notices of the Royal
Astronomical Society, 387, 871).

The spectrum of the GJ 117 star was observed with 2,7 m telescope on Mc
Donalds observatory. Analyzing it by modeling of stellar atmosphere with
PHOENIX code was established that °Li/’Li=0.05+/-0.02. Also was analyzed the
mechanism of creation of lithium in this star (Christian et al., 2008, Astrophysical
Journal, 686, 542).

It was worked on the development of the Dartmouth database for investigation
of stellar evolution and for this purpose was investigated and calculated the
evolutionary history of some types of stars (Dotter et al., 2008, Astrophysical
Journal Supplement Series, 178, 89).

Since the effects of the changement of chemical composition of stellar
populations were investigated on the element by element basis on the stellar evo-
lutionary tracks and isochrones to the end of the red giant branch, now are incor-
porated the fully consistent synthetic stellar spectra with those isochrone models
in predicting integrated colors, Lick indices, and synthetic spectra. Older popula-
tions display element ratio effects in their spectra at higher amplitude than young-
er populations (Lee et al., 2009, Astrophysical Journal, 694, 902).

A series of synthetic spectra was elaborated and published and radiative
transfer for broad absorption iron lines of low ionization degree was analyzed at
active galactic nuclei. Obtained results support the idea that FeLoBALSs may be an
evolutionary stage in the development of more *“ordinary" QSOs. (Casebeer et al.,
2008, Astrophysical Journal, 676, 857).

Variability of galaxy optical spectra has been investigated (Shapovalova et al.,
2008, Astronomy and Astrophysics, 486 (1), 99-111).
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The total and relative contribution to the atmospheric opacity of DB white
dwarfs within UV and VUV regions has been determined (Ignjatovi¢ et al., 2009,
Monthly Notices of the Royal Astronomical Society, 396, 2201).

A method for the determination of gas temperature in argon — helium micro-
wave plasma on atmospheric pressure, with the help of Van der Waals broadening
of spectral lines in optical part of the spectrum, has been elaborated, and the most
convenient lines for this purpose have been found (Mufioz et al., 2009, Spectrochi-
mica Acta B 64, 167).

Furthermore, Stark broadening of spectral lines was analyzed for Serbian Vir-
tual Observatory (Jevremovic et al., 2009, New Astronomy Review, 53, 222), and
has been worked on kinematics of broad line region at quasars (Lyratzi et al.,
2009, New Astronomy Review, 53, 179), interpretation of complex profiles of
spectral lines in stellar spectra (Danezis et al., 2009, New Astronomy Review, 53,
214), Stark broadening of spectral lines of chemically peculiar stard (Simi¢ et al.,
2009, New Astronomy Review, 53, 246) and on analyzis of emission lines varia-
bility at active galactic nuclei (Shapovalova et al., 2009, New Astronomy Review,
53, 246).

This are only the most important results and the rest can be seen from
bibliography of published papers, presented here.

Certainly the largest success and recognition of Project’s results is that, togeth-
er with our partners from France, England, Austria, Sweden, Italy, Russia and
Venezuela we obtained FP7 project “Virtual Atomic and Molecular Data Center.

Additionally, the successful collaboration with Paris Observatory, and UUni-
versities, Observatories and Institutes in Athens, Cordoba, Paris, Lion, Sankt Pe-
tersburg, Moscow, Nizhnyj Arkhiz, London, Belfast, Darthmouth, Groningen,
Washington, Oklahoma, Alabama, Wichita, Wisconsin, Georgia, California, Ha-
nover, Gottingen, Sao Paolo, Montreal, Mexico and Tunis, was achieved as well
as with the Institute of Astronomy in Sofia (the project SASA-BAS) and with
Department of Applied Physics of the Technical university in Sofia, what can be
seen from the list of published papers given here.

Also, M. S. Dimitrijevi¢ was the supervisor of PhD Thesis of Zoran Simi¢,
defended on 15" of July of 2008.

Within the frame of Project it has been worked and on development of STARK-
B database together with Sylvie Sahal-Bréchot and Nicolas Moreau from Paris
observatory.
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SPECTROSCOPIC INVESTIGATIONS OF EXTRAGALACTIC
OBJECTS AT THE ASTRONOMICAL OBSERVATORY IN
BELGRADE (2008 — 2009)

LUKA C. POPOVIC! and DRAGANA ILIC?

! Astronomical observatory, Volgina 7, 11060 Belgrade, Serbia
’Department of Astronomy, Faculty of Mathematics, University of Belgrade

Abstract. In this paper we present the work and results of the project P146002
(Astrophysical spectroscopy of extragalactic objects) during two-year period (2008-2009).
The work on this project is financed by the Ministry of science and technological
development of the Republic of Serbia. Here we describe the scientific activities and give a
list of published papers in this period.

1. INTRODUCTION

This paper follows two previous reviews (Popovi¢ and Ili¢, 2006; Popovié,
Kovacevi¢, Ili¢, 2008) where we have reported all activities on the project
Astrophysical spectroscopy of extragalactic objects in the period from 2002 to
2007. Astrophysical spectroscopy gives powerful tools for investigation of the
emission of extragalactic objects, from which we can learn about the nature and
evolution of these objects, and also about the evolution of the Universe. In the
period 2008-2009 we have continued the spectroscopic investigation of
extragalactic objects started in 2001 at the Astronomical Observatory in Belgrade.
These investigations were done in three basic directions: 1. Spectroscopy of active
galactic nuclei - AGN; 2. Spectroscopy of quasar gravitational lenses, or the
influence of gravitational lenses on quasar spectra; 3. Investigations of the gamma-
ray bursts phenomenon.

The most important results from these investigations are: contribution to the
research of physical and kinematical properties of central emission regions in
AGN, as well as to determining the influence of microlensing effect on quasar
spectra (with the aim to scan the inner structure of quasars and lens-galaxy). Also,
a model of shock waves for the gamma-ray bursts is developed.

Apart from the scientific research, the project was a base for the education of
young researchers (work on several doctoral and master thesis), but also for the
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development of wide and successful international collaboration.

In further text we will shortly present the work on this project during 2008 and
2009. We should note here that the participants on this project are closely
collaborating with the project led by M. S. Dimitrijevi¢, therefore these two
projects (together with the project Serbian virtual observatory, led by Darko
Jevremovi¢) form an informal group called Group for astrophysical spectroscopy
(GAS). Therefore, some activities presented here are actually the activities of the
Group for astrophysical spectroscopy.

2. RESEARCHERS ON THE PROJECT

In the period from 2008 to 2009, nine researchers were working on this project
from three institutions: Astronomical Observatory in Belgrade (AOB), Faculty of
Mathematics in Belgrade (FMB) and Faculty of Sciences in Kragujevac (FSK).
The project leader was L. C. Popovié, and the researchers were:

1. Edi Bon (born 1970), PhD student from AOB, total 24 Research Months
(RM), category A2 (Note here, that Ministry of Science of Serbia invited a
categorization due to score of published papers for each researcher. The
catetories are Al, A2, A3, B1, B2, B3, where the best scientists, around
10% of all, are in Al, and Bl is basic category.)

2. Miodrag Daci¢ (born 1946), research associate professor from AOB, total 4
RM, category Al

3. Natasa Gavrilovi¢ (born 1979), Msc student (PhD student from 2009) from
AOB, total 24 RM, category Al

4. Dragana Ili¢ (born 1978), teaching assistant (assistant professor from 2009)
from FMB, total 16 RM, category Al

5. Jelena Kovacevi¢ (born 1981), MSc student (PhD student from 2009) from
AOB, total 20 RM, category Al

6. Predrag Jovanovi¢ (born 1968), assistant research professor from AOB,
total 24 RM, category Al

7. Luka C. Popovi¢ (born 1964), research professor from AOB, total 24 RM,
category Al

8. Sasa Simi¢ (born 1971), teaching assistant from FSK, total 16 RM,
category Bl

9. Marko Stalevski (born 1982), PhD student granted for a young research
position from the Ministry

3. SCIENTIFIC AND OTHER ACTIVITIES

The main investigations on the project were related to the activities of galaxies,
first of all of to active galactic nuclei (AGNs). These objects are the most powerful
sources in the Universe, and they emit energy in a broad range of wavelengths
(from gamma to radio emission). The spectroscopy of these objects can give us a
lot of information about the innermost part of AGNs, as e.g. mechanisms for
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producing the energy in the black hole vicinity, the behaviour of plasma in the
strong gravitational field, etc. On the other hand, since these objects are the most
powerful sources, we can detect them at large cosmological distances, thus they
represent objects that carry information important for cosmological investigations.
In the mentioned period the investigations were done in the following subjects:

— Physical and kinematical properties of central emission regions in AGN (in
different spectral bands, from x-ray to optical emission, as well as the
connections between the emissions from these different spectral bands).

— Spectroscopy of quasar gravitational lenses and the influence of
gravitational lenses on quasar spectra.

— Connection between the stellar population and the activity in galaxies.

— Gamma ray bursts as the most violent processes in the Universe, i.e. the
nature of this phenomenon.

Figure 1. The Local Organizing Committee of the SPIG 2008 (Novi Sad, Serbia,
25.-29. 08. 2008.). From the left to the right: Jelena Kovacevi¢, NataSa Gavrilovi¢,
Marko Stalevski, Tanja Milovanov, Edi Bon, Andelka Kovacevi¢, Branimir
Ackovi¢, Dragana Ili¢, Darko Jevremovi¢, Predrag Jovanovi¢, Nenad
Milovanovié¢, Milan Dimitrijevi¢, Zoran Simi¢ i Luka Popovi¢.

In the frame of the listed subjects, the activities of the project participants were
the following:

1. Theoretical and experimental investigations, where special attention was given
to trainings of young researchers, there were conducted in three directions: a)
investigations of physics and kinematics of AGN using the spectral lines
shapes and intensities; b) investigations of the influence of gravitational lenses
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on the quasar’s continuum and spectral lines; ¢) modelling and explaining the
origin of gamma-ray bursts taking into account shock waves;

Observations with different telescopes;

Research visits to various collaborating institutes and attending scientific
conferences interesting to the project;

Popularization of science, especially astronomy in the form of giving lectures
or organizing exhibition dedicated to astronomy. We should note here that all
project participants were actively involved in projects related to the
International year of astronomy 2009;

. Developing of international collaboration through exchange visits of project

participants and colleagues from abroad, as well as writing common (bilateral)
proposals;

Organizing conferences and publishing Proceedings;

Systematization and publishing of fulfilled results.

The results that are achieved in the period 2008/2009 are (see Appendix for

more detailed description of the achieved results):

More than 101 bibliography units published, out of which 20 papers in
international journals from SSCI list (see the list of references). If we compare
the result from this period to the period 2006-2007, we have published two
more papers in journals from SSCI list;

Two PhD theses and two Master theses defended;

Performed optical observations of gravitational lenses using 6m telescope of
Special astrophysical observatory (Caucasus, Russia);

Became members of the COST action M0905 “Black holes in violent
Universe”. We should note that this is the first COST action in astronomy. It
involves 17 European countries;

Participated in 14 international and domestic conferences;

Project participants did 15 research visits to foreign institutes;

Organized (or participated in organization) six scientific meetings (see
Appendix);

Large international collaboration (Bulgaria, Russia, Germany, Spain, Italy,
Mexico, France, Greece, USA). In the frame of this wide collaboration we
formed a new Erasmus Mundus master programme in astrophysics
“AstroMundus”, where participants are four European universities (Innsbruck
— Austria, Goettingen — Germany, Padua and Rome — Italy, and Belgrade —
Serbia). In this programme three project participants are involved as lecturers,
and Dragana Ili¢ is member of the Consortium Board (deputy L. C. Popovié),
and Luka C. Popovi¢ is a member of the Selection Committee for selection
of students and scholars (deputy Dragana Ili¢).
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4. FINANCING OF THE PROJECT

As we have reported in previous papers (Popovi¢, Ili¢ 2006, Popovic,

Kovacevi¢, Ili¢ 2008) the project was mainly financed by the Ministry of science
of the republic of Serbia. The Ministry has financed the salaries of the researchers,
administrative expenses (run by the Institute) and other expenses (which cover
travels, materials, equipment, etc.). In the considered period, the Ministry have
allocated to the project in total 22,076,716 RSD (for 2008, in total 9,907,390 RSD
and for 2009, in total 12.169.326 RSD), or approx. 220,000 EUR.
We should note that approx. 40% of total funds were spent on researcher's salaries,
a significant amount was directed to administrative expenses, while for travels,
materials, supplies and equipment, only 2,800,000 RSD (around 28000 eur) were
spent in two years. These funds were used for renewing the computer equipment,
as well as for financing travels (to meetings), observational missions, etc. Apart
from this financial support, some additional fund were obtained from the
Alexander von Humboldt Foundation, which is financing a project of
collaboration between the Group for astrophysical spectroscopy from the
Astronomical observatory and the Group for investigation of active galactic nuclei
(led by professor Wolfram Kollatschny) from Institute for astrophysics of the
University of Goettingen (Germany). Project is awarded a 40,300 EUR for three
years, and in 2009 research visits were done and 6,500 EUR were spent from
approved funds.

5. CONCLUSIONS

As in the previous period, we can be satisfied with the achieved results in the
period 2008-2009. For sure we will try to work harder and give better results in
forthcoming period. When comparing the results from 2001-2005, 2006-2007 and
2008-2009, there is an impression that the last period was slightly more successful
than the previous two. Also, we should note that the financial support was larger
in the last period.

Finally, we have to mention that in July 2010, new project proposal for 2011-
2014 was submitted, under the same title and containing the research subjects
mentioned above. Apart from this project, researcher Predrag Jovanovi¢ has
submitted a new project proposal that will deal in more details and depth the
investigations of gravitational lenses phenomenon and its applications in the
cosmological research. Considering that this project is a product of spectroscopic
investigations of extragalactic objects, this could be treated as another great result
of this project.
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APPENDIX
Al. Research visits (observational missions)

Natasa Gavrilovi¢, 3-months visits each year to CRAL — L'Observatoire de Lyon,
Lyon, France

Luka C. Popovié, Special Astrophysical Observatory, Nizhniy Arkhiz, Russia
(2008 observation with the 6m telescope and collaboration, 2009. 10-day visit)

Luka C. Popovié, University of Padua (May 2008, gave a course to PhD students)

Luka C. Popovié, Academy of Science of Finland (May 2008, participating in the
Pannel for evaluation of project proposals in astronomy that are supposed to be
financed by the Academy of Science of Finland)

Luka C. Popovi¢, Institute for astrophysics, Canary Islands, Spain (December
2009)

Luka C. Popovié, University of Gent, Belgium (February 2009)

Luka C. Popovié, Special Astrophysical Observatory (August 2009, collaboration
with the Laboratory for extragalactic astrophysical spectroscopy)

Luka C. Popovi¢, Institute for astrophysics, University of Goettingen (one-month
visits in November 2008 and in the period 15. 11. — 15. 12. 2009.)

Luka C. Popovi¢, Max Planck Institute for Radioastronomy, Bonn (February
2008. Visit financed from the special program of the Alexander von Humboldt
Foundation)

Dragana Ili¢; Max Planck Institute for Radioastronomy, Bonn (January - February
2008. Visit financed from the special program of the Alexander von Humboldt
Foundation)

Dragana Ili¢, University of Padua (one-week visits in May 2008, gave an Invited
lecture, and September 2008, collaboration)

Dragana Ili¢ and Jelena Kovacevi¢, Special Astrophysical Observatory, Nizhniy
Arkhiz, Russia (November 2008, observation with the 6m telescope and
collaboration, two-week visit)

Dragana Ili¢ and Jelena Kovacevi¢, Institute for astrophysics, University of
Goettingne (one-month visit in the period 15. 11. — 15. 12. 2009. Visit financed
from the special program of the Alexander von Humboldt Foundation)

Marko Stalevski, The Astronomical Observatory of the University of Ghent,
Belgium (February 2 — December 16 2009, collaboration in the frame of the
program Erasmus Mundus External Cooperation Window, BASILEUS)

A2. Conferences
A2.1 Organized conferences

1. 7™ Serbian Conference of Spectral Line Shapes in Astrophysics, Zrenjanin,
15-19. June 2009 (Co-chairman Luka C. Popovié, everyone from the project
were in the Local Organizing Committee)
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25" Symposium and Summer School on Physics of Ionized Gases (SPIG),
August 25-29, 2008. (Co-chairmans of the Local Organizing Committee:
Milan S. Dimitrijevi¢ and Luka C. Popovié, everyone from the project were in
the Local Organizing Committee)

6" Bulgarian-Serbian Conference on Astronomy and Space Science, Belgrade
7 - 11 May 2008 (organized together with Bulgarian colleagues)

XV National Conferences of Astronomers of Serbia, Belgrade 2-5. October,
2008 (Dragana Ili¢, chairperson of the Local Organizing Committee)
Conference dedicated to the IYA 2009: ,Kako pasymjern YHUBEpP3yM:
JONPUHOC aCTPOHOMCKHUX M U3MUKuX ucTpakuBama’ (How to uneerstand the
Universe: Contribution of investigation in Astronomy and Physics), Banja
Luka, 28-29. May 2009. (Luka C. Popovié¢ co-chairman of the Scientific
committee)

1" Workshop on astrophysical winds and disks, Platamonas, Greece,
September 3-8, 2009. (vice-chairmans: Luka C. Popovi¢ and Milan S.
Dimitrijevic)

A2.2 Participations in conferences

6th Serbian-Bulgarian regional astronomical meeting, Belgrade, Serbia, June
2008 (participants: everyone from the project).

24th Summer School and International Symposium on the Physics of lonized
Gases, August 2008, Novi Sad, Serbia (participants: everyone from the
project)

School and Workshop on Space Plasma Physics, September 2008, Sozopol,
Bulgaria (participants: L. C. Popovi¢, D. 1li¢, N. Gavrilovi¢, J. Kovacevic)

XV National Conferences of Astronomers of Serbia, October 2008, beorpan,
Serbia (participants: everyone from the project)

7th Serbian Conference on Spectral line shapes in Astrophysics, June 2009,
Zrenjanin, Serbia (participants: everyone from the project)

1st International Workshop: "Astrophysical winds and disks - Similar
phenomena in stars and quasars", September 2009, Platamonas, Greece
(participants: everyone from the project)

Quantum of Quasars, December 2009, Grenoble, France (participants: Natasa
Gavrilovi¢)

Pa3Boj actponomuje xoxg Cpba V (development of Astronomy among Serbs
V), 18.04 - 22. 04.2008, Belgrade, Serbia (participants: Miodrag Daci¢, Luka
C. Popovi¢, Dragana Ili¢, Edi Bon)

Conference dedicated to the IYA 2009: ,Kako pasymjern YHHUBep3yM:
JOTIPUHOC aCTPOHOMCKUX U (u3ndkux uctpaxupama’ (How to understand the
Universe: Contribution of investigations in Astronomy and Physics), Banja
Luka, 28-29. May 2009 (participants: Luka C. Popovi¢, Dragana Ili¢)
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The Fifth RadioNet Science Workshop "The Central Kiloparsec: Active
Galactic Nuclei and Their Hosts", June 4-6, 2008, Crete, Greece (participants:
Dragana Ili¢)

,Accretion and Ejection in AGN: a global view®, June 21-27, 2009, Como,
Italy (participants: Dragana Ili¢)

XXVII™ General Assembly of the IAU, IAU Symposium 267 on “Evolution of
Galaxies and Black Holes: Feeding and Feedback”, August 2009, Rio de
Janeiro, Brasil (participants: Dragana Ili¢)

Ist School on Multiwavelength Astronomy”, Paris, France, 29. June-10 July,
2009 (participants: Marko Stalevski).

XXI Canary Island Winter School on Astrophysics”, Puerto de La Cruz,
Tenerife, Spain, 2-13 November 2009 (participants: Marko Stalevski).

A3. Publications

A3.1 Chapters in international books

Jovanovi¢, P., Popovié, L.C., 2009., X-ray Emission From Accretion Disks of
AGN: Signatures of Supermassive Black Holes, chapter in the book "Black
Holes and Galaxy Formation”, Eds. A. D. Wachter and R. J. Propst, Nova
Science Publishers, Inc, Hauppauge NY, USA, ISBN: 978-1-60741-703-3 (62

page)
A3.2 Papers in international journals from SSCI list

Shapovalova, A. L.; Popovi¢, L. C.; Collin, S.; Burenkov, A. N.; Chavushyan,
V. H.; Bochkarev, N. G.; Benitez, E.; Dultzin, D.; Kovadevié, A.; Borisov, N.;
Carrasco, L.; Leon-Tavares, J.; Mercado, A.; Valdes, J. R.; Vlasuyk, V. V.;
Zhdanova, V. E., 2008, Long-term variability of the optical spectra of ngc
4151. I Light curves and flux correlations, Astronomy and Astrophysics,
Volume 486, Issue 1, pp.99-111

Hamdi, R.; Ben Nessib, N.; Milovanovi¢, N.; Popovi¢, L. C.; Dimitrijevi¢, M.
S.; Sahal-Bréchot, S., 2008, Atomic data and electron-impact broadening effect
in do white dwarf atmospheres: Si VI, Monthly Notices of the Royal
Astronomical Society, Volume 387, Issue 2, pp. 871-882

Jovanovi¢, P.; Zakharov, A. F.; Popovi¢, L. C.; Petrovi¢, T., 2008,
Microlensing of the X-ray, UV and optical emission regions of quasars:
simulations of the time-scales and amplitude variations of microlensing
events, Monthly Notices of the Royal Astronomical Society, Volume 386,
Issue 1, pp. 397-406.

Popovié, L. C.; Shapovalova, A. I.; Chavushyan, V.m H.; Ili¢, D.; Burenkov,
A. N.; Mercado, A.; Bochkarev, N. G., 2008, Probing the Physical Properties
of the NGC 5548 Broad Line Region Using Balmer Lines, Publications of the
Astronomical Society of Japan, Vol.60, No.1, pp.1-9
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Popovié, L. C.; Dimitrijevi¢, M. S.; Simi¢, Z.; Daci¢, M.; Kovacevi¢, A.;
Sahal-Bréchot, S., 2008, Stark broadening and hfs of Mn II, New Astronomy,
Volume 13, Issue 2, p. 85-92.

P. Jovanovi¢, L. C. Popovi¢, Observational effects of strong gravity in vicinity
of supermassive black holes, Fortschritte der Physik, Volume 56, Issue 4-5,
Date: April 2008, Pages: 456-461

Simi¢, S.; Popovi¢, L. C., 2008, Investigation of Element Abundances in the
Surroundings of GRB Afterglows, International Journal of Modern Physics D,
Volume 17, Issue 09, pp. 1377-1382 (2008).

Bon, E., Popovi¢, L.C., Gavrilovié, N., La Mura, G., Mediavilla, E., 2009,
Contribution of a disc component to single-peaked broad lines of active
galactic nuclei. Monthly Notices of the Royal Astronomical Society 400, 924-
936.

La Mura, G., Di Mille, F., Ciroi, S., Popovi¢, L.C., Rafanelli, P., 2009.,
Balmer Emission Line Profiles and Complex Properties of Broad-Line
Regions in Active Galactic Nuclei, Astrophysical Journal 693, 1437-1448.
Popovié, L.C., Smirnova, A. A., Kovacevi¢, J., Moiseev, A.V., Afanasiev,
V.L.\ 2009.\ Three-Dimensional Spectroscopic Study of the Line-Emitting
Regions of Mrk 493., Astronomical Journal 137, 3548-3557.

Ili¢, D. 2009., Plasma Diagnostics in the Broad Line Region of Active
Galactic Nuclei Using Emission Lines, Publications of the Astronomical
Society of the Pacific, Volume 121, issue 886, pp.1440-1441

Segan, S.,; Vidojevi¢, S. 2009. The sigma-D relation for planetary nebulae,
Astronomy and Astrophysics, Volume 495, Issue 2, 2009, pp.537-546.
Jevremovi¢, D., and 14 colleagues 2009., The project of Serbian Virtual
Observatory and data for stellar atmosphere modeling. New Astronomy
Review 53, 222-226.

Danezis, E., Lyratzi E., Popovi¢, L.C., Dimitrijevié¢, M.S., Antoniou, A., 2009,
Interpreting the complex line profiles in the stellar spectra, New Astronomy
Review 53, 214-221.

Shapovalova, A.L, Popovi¢, L.C., Bochkarev, N.G., Burenkov, A.N.,
Chavushyan, V.H., Collin, S., Doroshenko, V.T., Ili¢, D., Kovacevi¢, A.,
2009, Long-term variability of the Broad Emission Line profiles in AGN, New
Astronomy Review 53, 191-197.

Lyratzi, E. Popovié, L.C., Danezis, E., Dimitrijevié¢, M.S., Antoniou, A., 2009,
Kinematics of the broad absorption line region in QSOs: Rotation and random
motion, New Astronomy Review 53, 179-185.

La Mura, G., di Mille, F., Popovi¢, L.C., Ciroi, S., Rafanelli, P., Ili¢, D., 2009,
Hydrogen Balmer emission lines and the complex broad line region structure,
New Astronomy Review 53, 162-168.

Jovanovi¢ P., Popovi¢, L.C., Simi¢, S., 2009, Influence of gravitational
microlensing on broad absorption lines of QSOs: The case of the Fe
Kalphaline, New Astronomy Review 53, 156-161.
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1li¢, D., Kovagevié, J., Popovi¢, L.C.,2009,The line parameters and ratios as
the physical probe of the line emitting regions in AGN, New Astronomy
Review 53, 149-155.

Bon, E., Gavrilovi¢, N., La Mura, G., Popovi¢, L.C., 2009, Complex broad
emission line profiles of AGN: Geometry of the broad line region, New
Astronomy Review 53, 121-127.

A3.3 Paperes in domestic refereed journals

Bon, E., 2009, The Disk Emission in Single Peaked Lines for 12 AGN:s,
Serbian Astronomical Journal, vol. 177, pp. 9- 13

D. Jevremovi¢, M. S. Dimitrijevi¢, L. C. Popovi¢, M. Daci¢, V. Proti¢
Benisek, E. Bon, V. Benisek, D. Ili¢, A. Kovacevi¢c, M. Malovi¢: 2009,
SERBIAN VIRTUAL OBSERVATORY, Pregled NCD, 15, 52-58.

Arbutina, B., 1li¢, D., Stavrev, K., UroSevi¢, D., Vukoti¢, B., Oni¢, D. 2009,
Optical Observations of M81 Galaxy Group in Narrow Band [SII] and Halpha
Filters: Holmberg IX, Serbian Astronomical Journal, 179, 87-94

A3.4 Invited lectures on international conferences published in the
Proceedings

A. Antoniou, E. Danezis, E. Lyratzi, L. C. Popovi¢, M. S. Dimitrijevi¢: 2008,
KINEMATICAL PARAMETERS IN THE CORONAL AND POST-CORONAL
REGIONS OF THE Oe STARS, 24th Summer School and International
Symposium on the Physics of Ionized Gases, Journal of Physics: Conference
Series 133, 012028 (1-8).

Vauglin, 1.; Gavrilovi¢, N.; Prugniel, P., Thermal InfraRed surveys from
Antarctica for extragalactic astronomy, EAS Publications Series, Volume 33,
2008, pp.293-295

Simi¢, Sasa; Popovi¢, Luka C., Variability of GRB light curve: Shock wave
model modification, Journal of Physics: Conference Series, Volume 133, Issue
1, pp. 012030 (2008)

A3.5 Papers in non-international journals

Z. Simi¢, M. S. Dimitrijevié, L. C. Popovi¢, M. Daci¢, A. Kovacevié, S.
Sahal-Bréchot: ON STARK BROADENING OF Mn II LINES IN Ap-STAR
CONDITIONS, Contributions to the Astronomical Observatory Skalnate Pleso
38, (2008), 451-452.

M. S. Dimitrijevi¢, Z. Simi¢, A. Kovacevi¢, M. Daci¢, S. Sahal-Bréchot: ON
STARK BROADENING OF Te I SPECTRAL LINES FOR CP STAR PLASMA
ANALYSIS, Contributions to the Astronomical Observatory Skalnate Pleso 38,
(2008), 403-404.
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M. S. Dimitrijevi¢, T. Ryabchikova, Z. Simi¢, L. C. Popovi¢, M. Daci¢:
ELECTRON-IMPACT BROADENING OF IONIZED CHROMIUM LINES
FOR Ap STAR ATMOSPHERES ANALYSIS, Contributions to the
Astronomical Observatory Skalnate Pleso 38, (2008), 401-402.

A3.6 Papers presented on international conferences published in the
Proceedings

M. S. Dimitrijevi¢, A. Kovacevi¢, Z. Simi¢, M. Daci¢: 2008, STARK BROA-
DENING OF O V 1371 A LINE IN STELLAR ATMOSPHERES, in “Exploring
the Solar System and the Universe”, Eds. V. Mioc, C. Dumitrache, N. Popescu,
American Institute of Physics Conference Proceedings 1043, 410-411.

Lyratzi, E. Danezis, L. C. Popovié, M. S. Dimitrijevi¢, A. Antoniou:
2008,A.DACs AND SACs IN THE UV SPECTRUM OF THE QUASAR PG
0946+301, in Spectral Line Shapes 15, 19" International Conference on
Spectral Line Shapes, AIP Conference Proceedings 1058, 323-325.

E. Lyratzi, E. Danezis, L. C. Popovi¢, M. S. Dimitrijevi¢, A. Antoniou: 2008,
A.KINEMATICS OF BROAD ABSORPTION LINE REGIONS OF PG
1254+047, in Spectral Line Shapes 15, 19" International Conference on
Spectral Line Shapes, AIP Conference Proceedings 1058, 320-322.

A. Antoniou, E. Danezis, E. Lyratzi, L. C. Popovi¢, M. S. Dimitrijevi¢, E.
Theodosiou, G. Katsavrias: 2008, 4 STUDY OF THE STRUCTURE OF
DIFFERENT IONIZATION POTENTIAL REGIONS IN THE ATMOSPHERE
OF AX MON (HD 45910), in Spectral Line Shapes 15, 19" International Con-
ference on Spectral Line Shapes, AIP Conference Proceedings 1058, 317-319.
A. Antoniou, E. Danezis, E. Lyratzi, L. C. Popovi¢, M. S. Dimitrijevi¢, E.
Theodosiou, D. Stathopoulos: 2008, AX Mon (HD 45910) KINEMATICAL
PARAMETERS IN THE Fe Il SPECTRAL LINES AS A FUNCTION OF THE
EXCITATION POTENTIAL, in Spectral Line Shapes 15, 19" International
Conference on Spectral Line Shapes, AIP Conference Proceedings 1058, 314-
316.

E. Danezis, E. Lyratzi, L.C. Popovi¢, M.S. Dimitrijevi¢, A. Antoniou:2008,
A.SIMILARITY BETWEEN DACs/SACs PHENOMENA IN HOT EMISSION
STARS AND QUASARS ABSORPTION LINES, in Spectral Line Shapes 15,
19" International Conference on Spectral Line Shapes, AIP Conference
Proceedings 1058, 305-307.

A. Antoniou, E. Danezis, E. Lyratzi, L. C. Popovi¢, M. S. Dimitrijevi¢, E.
Theodossiou, D. Stathopoulos: 2008, 4 STUDY OF AX Mon (HD 45910)
KINEMATICAL PARAMERERS OF THE Fe II DENSITY REGIONS, 24"
Summer School and International Symposium on the Physics of lonized Gases,
SPIG 2008, Contributed papers & abstracts of invited lectures, topical invited
lectures and progress reports, eds. G. Malovié, L. C. Popovié¢, M. S. Dimitrijevi¢,
Publications of the Astronomical Observatory of Belgrade 84, 455-458.
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E. Danezis, E. Lyratzi, L. C. Popovi¢, A. Antoniou, M. S. Dimitrijevié: 2008,
THE VERY BROAD LINES IN THE UV SPECTRA OF HOT EMISSION STARS
- A POSSIBLE EXPLANATION, 24" Summer School and International
Symposium on the Physics of lonized Gases, SPIG 2008, Contributed papers &
abstracts of invited lectures, topical invited lectures and progress reports, eds. G.
Malovi¢, L. C. Popovi¢, M. S. Dimitrijevi¢, Publications of the Astronomical
Observatory of Belgrade 84, 463-466.

Kovacevic, A.; Shapovalova, A. I.; Popovic, L. C.; Burenkov, A. N.;
Chavushyan, V., 2008, The BLR structure of NGC4151 - possible outflow
model, 24"™ Summer School and International Symposium on the Physics of
Ionized Gases, SPIG 2008, Contributed papers & abstracts of invited lectures,
topical invited lectures and progress reports, eds. G. Malovié, L. C. Popovié, M.
S. Dimitrijevi¢, Publications of the Astronomical Observatory of Belgrade, vol.
84, pp. 471-474

J. Kovacevi¢, L. C. Popovi¢, M. S. Dimitrijevi¢: 2008, RELATIONS AMONG
EMISSION LINES AND CONTINUUM LUMINOSITY IN ACTIVE GALACTIC
NUCLEI, 24™ Summer School and International Symposium on the Physics of
Ionized Gases, SPIG 2008, Contributed papers & abstracts of invited lectures,
topical invited lectures and progress reports, eds. G. Malovi¢, L. C. Popovi¢, M.
S. Dimitrijevi¢, Publications of the Astronomical Observatory of Belgrade 84,
475-478.

E. Lyratzi, E. Danezis, L. C. Popovi¢, M. S. Dimitrijevi¢, A. Antoniou: 2008,
DACs AND SACs PHENOMENA IN THE C IV EMITTING REGIONS OF
0SOs, 24™ Summer School and International Symposium on the Physics of
Ionized Gases, SPIG 2008, Contributed papers & abstracts of invited lectures,
topical invited lectures and progress reports, eds. G. Malovi¢, L. C. Popovi¢, M.
S. Dimitrijevi¢, Publications of the Astronomical Observatory of Belgrade 84,
483-486.

Z. Simi¢, M. S. Dimitrijevi¢, A. Kovacevi¢, M.. Daci¢: 2008, STARK
BROADENING OF Sn Il LINES IN A TYPE STELLAR ATMOSPHERES, 24"
Summer School and International Symposium on the Physics of Ionized Gases,
SPIG 2008, Contributed papers & abstracts of invited lectures, topical invited
lectures and progress reports, eds. G. Malovié, L. C. Popovié, M. S. Dimitrijevié,
Publications of the Astronomical Observatory of Belgrade 84, 487-490.

R. Hamdi, N. Ben Nessib, N. Milovanovié, L. C. Popovié, M. S. Dimitrijevi¢, S.
Sahal-Bréchot: 2008, ATOMIC DATA AND STARK BROADENING
PARAMETERS FOR DO WHITE DWARF ATMOSPHERES RESEARCH: Si VI,
Proceedings of the VII symposium of Belarus and Serbia on Physics and
diagnostics of laboratory and astrophysical plasmas (PDP-VII’2008), September
22-26, 2008, Minsk, Belarus, eds. V. I. Arkhipenko, V. S. Burakov, A, F.
Chernyavskii, National Academy of Sciences of Belarus and B. L. Stepanov
Institute of Physics, Minsk, 2008, 56-59.

Stalevski, M.; Jovanovic, P.; Popovic, L. C., 2008, Line profile variability due
to perturbations in AGN accretion disk emissivity, 24" Summer School and
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International Symposium on the Physics of Ionized Gases, SPIG 2008,
Contributed papers & abstracts of invited lectures, topical invited lectures and
progress reports, eds. G. Malovi¢, L. C. Popovié, M. S. Dimitrijevi¢, Publications
of the Astronomical Observatory of Belgrade, vol. 84, pp. 491-494

Jovanovic, P.; Popovic, L. C., 2008, Modeling of variations in X-ray emission
from accretion disks of active galaxies, 24™ Summer School and International
Symposium on the Physics of lonized Gases, SPIG 2008, Contributed papers &
abstracts of invited lectures, topical invited lectures and progress reports, eds. G.
Malovi¢, L. C. Popovié, M. S. Dimitrijevi¢, Publications of the Astronomical
Observatory of Belgrade, vol. 84, pp. 467-470

Simic, S.; Popovic, L. C., 2008, Variability of GRB light curve: Shock wave
model modification, 24™ Summer School and International Symposium on the
Physics of lonized Gases, SPIG 2008, Contributed papers & abstracts of invited
lectures, topical

1li¢, D., Popovié, L.C., Ciroi, S., La Mura, G., Rafanelli, P., 2009, Plasma
Properties of the Broad Line Emitting Region in Active Galactic Nuclei,
American Institute of Physics Conference Series 1121, 78-82.

1li¢, D., Popovié, L. C., Leon-Tavares, J., Lobanov, A. P., Shapovalova, A. 1.,
Chavushyan, V. H., 2008, The Broad Line Region in Mrk 668 and NGC 4151:
An Outflow Model, MmSAL., Vol. 79, pp. 1105-1108. [Proceedings of The
Fifth RadioNet Science Workshop "The Central Kiloparsec: Active Galactic
Nuclei and Their Hosts", June 4-6, 2008, lerapetra, Crete, Greece, Editors:
Andrei Lobanov, Emmanouil Angelakis and Manel Perucho Pla ]

1li¢, D.; Popovié, L. C.; Ciroi, S.; Rafanelli, P., 2008, T. emperature diagnostics
of the Broad Line Region in Active Galactic Nuclei, The Nuclear Region, Host
Galaxy and Environment of Active Galaxies (Eds. Erika Benitez, Irene Cruz-
Gonzélez, & Yair Krongold) Revista Mexicana de Astronomia y Astrofisica
(Serie de Conferencias) Vol. 32, pp. 102-102 (2008)

Popovié, L.C., Jovanovi¢, P., 2009, Active Galactic Nuclei-Plasma around
Super-massive Black Hole, American Institute of Physics Conference Series
1121, 71-77.

Antoniou, A., Danezis, E., Lyratzi, E., Popovi¢, L.C., Dimitrijevi¢, M. S.,
Theodosiou, E., Stathopoulos, D.\ 2009.\ A study of the atmospheric structure
of AX Mon (HD 45910), Communications in Asteroseismology 159, 119-120.
J. Kovacevié, L. C. Popovi¢, M. S. Dimitrijevi¢: 2009, THE ROLE OF
OPTICAL Fe II °F, °S AND ‘G GROUP OF LINES IN AGN SPECTRA,
Proceedings of the 6th Serbian-Bulgarian Astronomical Conference, Belgrade 7-
11 May 2008, eds. M. S. Dimitrijevi¢, M. Tsvetkov, L. C. Popovié, V. Golev,
Publ. Astron. Soc. »Rudjer Boskovi¢«, No. 9, 199-203.

M. S. Dimitrijevié, Z. Simi¢, A. Kovacevi¢, M. Daci¢, S. Sahal-Bréchot: 2009,
STARK BROADENING OF NEUTRAL TELLURIUM SPECTRAL LINES IN
WHITE DWARF ATMOSPHERES, Proceedings of the 6th Serbian-Bulgarian
Astronomical Conference, Belgrade 7-11 May 2008, eds. M. S. Dimitrijevi¢, M.
Tsvetkov, L. C. Popovi¢, V. Golev, Publ. Astron. Soc. »Rudjer Boskovic¢«, No.
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9, 311-314

Z. Simi¢, M. S. Dimitrijevi¢, A. Kovacevi¢, M. Daci¢: 2009, ON THE STARK
BROADENING OF Cr II 3d5 — 3d4 4p SPECTRAL LINES IN HOT STAR
SPECTRA, Proceedings of the 6th Serbian-Bulgarian Astronomical Conference,
Belgrade 7-11 May 2008, eds. M. S. Dimitrijevi¢, M. Tsvetkov, L. C. Popovi¢,
V. Golev, Publ. Astron. Soc. »Rudjer Boskovic«, No. 9, 421-424.

P. Jovanovi¢, L. C. Popovié¢ : 2009, VARIATIONS IN AN ACCRETION DISK
EMISSIVITY — REPERCUSSION TO THE Fe K LINE PROFILE, Proceedings
of the 6th Serbian-Bulgarian Astronomical Conference, Belgrade 7-11 May
2008, eds. M. S. Dimitrijevi¢, M. Tsvetkov, L. C. Popovi¢, V. Golev, Publ.
Astron. Soc. »Rudjer Boskovi¢«, No. 9, 45-50

L. C Popovi¢, J. Kovacevic, D. Ili¢: 2009, SPECTROSCOPIC
INVESTIGATIONS OF EXTRAGALACTIC OBJECTS AT ASTRONOMICAL
OBSERVATORY (PERIOD 2006-2007), Proceedings of the 6th Serbian-
Bulgarian Astronomical Conference, Belgrade 7-11 May 2008, eds. M. S.
Dimitrijevi¢, M. Tsvetkov, L. C. Popovi¢, V. Golev, Publ. Astron. Soc. »Rudjer
Boskovic¢«, No. 9, 217-232.

N. Gavrilovié: 2009, MODELLING THE STELLAR POPULATION IN
ACTIVE GALAXIES, Proceedings of the 6th Serbian-Bulgarian Astronomical
Conference, Belgrade 7-11 May 2008, eds. M. S. Dimitrijevi¢, M. Tsvetkov, L.
C. Popovi¢, V. Golev, Publ. Astron. Soc. »Rudjer Boskovi¢«, No. 9, 321-326.

S. Simi¢, L. C. Popovi¢: INFLUENCE OF BARRIER FORM ON THE SHAPE
OF THE GRB LIGHT CURVESM, Proceedings of the 6th Serbian-Bulgarian
Astronomical Conference, Belgrade 7-11 May 2008, eds. M. S. Dimitrijevi¢, M.
Tsvetkov, L. C. Popovi¢, V. Golev, Publ. Astron. Soc. »Rudjer Boskovic¢«, No.
9, 415-420.

Popovic, L. C.; Bon, E.; Gavrilovic, N, The Broad Emission Lines in AGN:
Hidden Disk Emission, The Nuclear Region, Host Galaxy and Environment of
Active Galaxies (Eds. Erika Benitez, Irene Cruz-Gonzalez, & Yair Krongold)
Revista Mexicana de Astronomia y Astrofisica (Serie de Conferencias) Vol. 32,
pp- 99-101 (2008)

A3.7 Invited lectures on international conferences published in the Book of

L.

abstracts

L. C. Popovi¢, Astrophysical Spectroscopy of Extragalactic Objects: From
Active Galactic Nuclei to Gravitational Lenses, The First Physics Congress of
Bosnia and Herzegovina, Tesli¢, Republika Srpska, 20-22 December, 2008,
Book of Abstracts, eds. Dragoljub Mirjani¢, Dejan Milosevi¢ and Branko
Predojevi¢, 2008, 16.

L. C. Popovi¢, Active galactic nuclei — plasma conditions around supermassive
black holes, School and Workshop on Space Plasma Physics, Sozopol, Bulgaria,
August 31- September 7, 2008, Programme and Abstracts, Heron Press, 42.
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A3.8 Lectures on international conferences published in the Book of abstracts

1. A. Antoniou, E. Danezis, E. Lyratzi, L. C. Popovi¢, M. S. Dimitrijevi¢, E.
Theodossiou, D. Stathopoulos: 2008, AX Mon (HD 45910) KINEMATICAL
PARAMETERS IN THE Fe Il SPECTRAL LINES AS A FUNCTION OF THE
EXCITATION POTENTIAL, 19th International Conference on Spectral Line
Shapes, 15-20 June 2008, Valladolid, Spain, Universidad de Valladolid, 163-
164.

2. A. Antoniou, E. Danezis, E. Lyratzi, L. C. Popovi¢, M. S. Dimitrijevi¢, E.
Theodossiou, G. Katsavrias: 2008, 4 STUDY OF THE STRUCTURE OF DI-
FFERENT IONIZATION POTENTIAL REGIONS IN THE ATMOSPHERE OF
AX Mon (HD 45910), 19th International Conference on Spectral Line Shapes,
15-20 June 2008, Valladolid, Spain, Universidad de Valladolid, 165-166.

3. E. Lyratzi, E. Danezis, L. C. Popovi¢, M. S. Dimitrijevi¢, A. Antoniou,: 2008,
KINEMATICS OF BROAD ABSORPTION LINE REGIONS OF PG 1254+047,
19th International Conference on Spectral Line Shapes, 15-20 June 2008,
Valladolid, Spain, Universidad de Valladolid, 167-168.

4. E. Lyratzi, E. Danezis, L. C. Popovi¢, M. S. Dimitrijevi¢, A. Antoniou,: 2008,
DACs AND SACs IN THE UV SPECTRUM OF THE QUASAR PG 0946+301,
19th International Conference on Spectral Line Shapes, 15-20 June 2008,
Valladolid, Spain, Universidad de Valladolid, 169-170.

5. E. Danezis, E. Lyratzi, L. C. Popovi¢, M. S. Dimitrijevi¢, A. Antoniou,: 2008,
SIMILARITY BETWEEN DACs/SACs PHENOMENA IN HOT EMISSION
STARS AND QUASARS ABSORPTION LINES, 19th International Conference
on Spectral Line Shapes, 15-20 June 2008, Valladolid, Spain, Universidad de
Valladolid, 206-207170.

6. A. Antoniou, E. Danezis, E. Lyratzi, D. Nikolaidis, L. C. Popovi¢, M. S.
Dimitrijevié.: 2008, KINEMATICAL PARAMETERS IN THE CORONAL AND
POST’CORONAL REGIONS OF THE Oe STARS, 24™ Summer School and
International Symposium on the Physics of lonized Gases, SPIG 2008,
Contributed papers & abstracts of invited lectures, topical invited lectures and
progress reports, eds. G. Malovi¢, L. C. Popovié, M. S. Dimitrijevi¢, Publications
of the Astronomical Observatory of Belgrade 84, 443.

7. J. Kovacevié, L. C. Popovié, M. S. Dimitrijevié: THE ROLE OF OPTICAL Fe II
’F, °S and *G GROUP OF LINES IN AGN SPECTRA,VI Serbian-Bulgarian
Astronomical Conference, Belgrade 7-11 May 2008, Program and Abstracts, eds.
M. S. Dimitrijevi¢, M. Tsvetkov, L. C. Popovi¢, V. Golev, Astronomical
Observatory, Belgrade 2008, 38.

8. M. S. Dimitrijevi¢, Z. Simi¢, A. Kovacevi¢, M. Daci¢, S. Sahal-Bréchot: STARK
BROADENING OF NEUTRAL TELLURIUM SPECTRAL LINES IN WHITE
DWARF ATMOSPHERES, V1 Serbian-Bulgarian Astronomical Conference,
Belgrade 7-11 May 2008, Program and Abstracts, eds. M. S. Dimitrijevi¢, M.
Tsvetkov, L. C. Popovi¢, V. Golev, Astronomical Observatory, Belgrade 2008,
55.
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Z. Simi¢, M. S. Dimitrijevi¢, A. Kovacevi¢, M. Daci¢: ON THE STARK
BROADENING OF Cr Il 3d° — 3d'p SPECTRAL LINES IN HOT STAR
SPECTRA, VI Serbian-Bulgarian Astronomical Conference, Belgrade 7-11
May 2008, Program and Abstracts, eds. M. S. Dimitrijevi¢, M. Tsvetkov, L. C.
Popovi¢, V. Golev, Astronomical Observatory, Belgrade 2008, 71.

S. Dimitrijevi¢, A. Kovacevi¢, Z. Simi¢, M. Daci¢: 2008, STARK
BROADENING OF O V 1371 A LINE IN STELLAR ATMOSPHERES, Exploring
the Solar System and the Universe, Bucharest 8-12 April 2008, Abstract book,
Astronomical Institute of the Romanian Academy, 41-42.

M. S. Dimitrijevi¢, L. C. Popovi¢, D. Jevremovi¢, M. Daci¢, P. Jovanovi¢, A.
Kovacevi¢, S. Simi¢, D. 1li¢, Z. Simi¢, E. Bon, N. Gavrilovié, J. Kovacevi¢, N.
Milovanovi¢, D. Tankosi¢: 2008, ACTIVITIES OF THE GROUP FOR
ASTRONOMICAL SPECTROSCOPY 2005-2008, XV National Conference of
Astronomers of Serbia, 2-5 October 2008, Belgrade, Serbia, Book of abstracts,
eds. O. Atanackovi¢, Z. Cvetkovi¢, D. Ili¢, Faculty of Mathematics and
Astronomical Observatory, Belgrade 2008, 63.

Edi Bon, Natasa Gavrilovi¢, Luka C. Popovi¢, Dragana Ili¢: MODELING OF
AGN BROADE EMISSION LINES,VI Serbian-Bulgarian Astronomical
Conference, Belgrade 7-11 May 2008, Program and Abstracts, eds. M. S.
Dimitrijevi¢, M.Tsvetkov, L. C. Popovi¢, V. Golev, Astronomical Observatory,
Belgrade 2008, 52.

Natasa Gavrilovi¢: MODELLING THE STELLAR POPULATION IN ACTIVE
GALAXIES, VI Serbian-Bulgarian Astronomical Conference, Belgrade 7-11 May
2008, Program and Abstracts, eds. M. S. Dimitrijevi¢, M.Tsvetkov, L. C.
Popovi¢, V. Golev, Astronomical Observatory, Belgrade 2008, 57.

Predrag Jovanovié¢, Luka C. Popovié, VARIATIONS IN AN ACCRETION DISK
EMISSIVITY — REPERCUSSIONS TO THE Fe Ko, LINE PROFILEVI, Serbian-
Bulgarian Astronomical Conference, Belgrade 7-11 May 2008, Program and
Abstracts, eds. M. S. Dimitrijevi¢, M.Tsvetkov, L. C. Popovi¢, V. Golev,
Astronomical Observatory, Belgrade 2008, 20.

Dragana Ili¢, Alla I. Shapovalova, Luka C. Popovié¢, Alexander N. Burenkov,
Vahram Chavushian, LINE SHAPE VARIABILITY OF NGC 4151, Serbian-
Bulgarian Astronomical Conference, Belgrade 7-11 May 2008, Program and
Abstracts, eds. M. S. Dimitrijevi¢, M.Tsvetkov, L. C. Popovi¢, V. Golev,
Astronomical Observatory, Belgrade 2008, 36.

Luka C. Popovié, SPECTROSCOPICAL  INVESTIGATIONS OF
EXTRAGALACTIC OBJECTS AT ASTRONOMICAL OBSERVATORY (PERIOD
2006-2008), Serbian-Bulgarian Astronomical Conference, Belgrade 7-11 May
2008, Program and Abstracts, eds. M. S. Dimitrijevi¢, M.Tsvetkov, L. C.
Popovié, V. Golev, Astronomical Observatory, Belgrade 2008, 41.

Edi Bon, Milan Cirkovi¢, COHERENT CATASTROPHISM THROUGH MYTH,
Serbian-Bulgarian Astronomical Conference, Belgrade 7-11 May 2008, Program
and Abstracts, eds. M. S. Dimitrijevi¢, M.Tsvetkov, L. C. Popovi¢, V. Golev,
Astronomical Observatory, Belgrade 2008, 52.
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18. Dragana Ili¢, Dejan UroSevi¢, Bojan Arbutina, Branislav Vukoti¢, Konstantin
Stavrev, OBSERVATIONS OF M81 GALAXZ GROUP IN NARROW BAND
[SIl] AND Ha FILTERS, Serbian-Bulgarian Astronomical Conference, Belgrade
7-11 May 2008, Program and Abstracts, eds. M. S. Dimitrijevi¢, M. Tsvetkov, L.
C. Popovié, V. Golev, Astronomical Observatory, Belgrade 2008, 57.

19. Predrag Jovanovi¢, Luka C. Popovi¢, Variability of the X-ray emission from
accretion disks around supermassive black holes, The First Physics Congress of
Bosnia and Herzegovina, Tesli¢, Republika Srpska, 20-22 December, 2008,
Book of Abstracts, eds. D. Mirjani¢, D. Milosevi¢ and B. Predojevi¢, 2008, 51.

20. J. Kovagevi¢, L.C. Popovi¢ and M.S. Dimitrijevié, The Fe II emission and
evolution of active galactic nuclei, The First Physics Congress of Bosnia and
Herzegovina, Tesli¢, Republika Srpska, 20-22 December, 2008, Book of
Abstracts, eds. D. Mirjani¢, D. Milosevi¢ and B. Predojevi¢, 2008, 53.

21. D. 1li¢, Physical properties of the emitting plasma in active galactic nuclei,
School and Workshop on Space Plasma Physics, Sozopol, Bulgaria, August 31-
September 7, 2008, Programme and Abstracts, Heron Press, 32.

22. J. Kovagevié, L.C. Popovi¢ and M.S. Dimitrijevi¢, Fe II emission region in
active galactic nuclei, School and Workshop on Space Plasma Physics, Sozopol,
Bulgaria, August 31- September 7, 2008, Programme and Abstracts, Heron
Press, 76.

23. N. Gavrilovi¢, L. C. Popovi¢ and Ph. Prugniel, Stellar population in active
galactic nuclei, School and Workshop on Space Plasma Physics, Sozopol,
Bulgaria, August 31- September 7, 2008, Programme and Abstracts, Heron
Press, 82.

A3.9 Invited lectures on domestic conferences published in the Proceedings

1. Jlyka Ilomoswh: 2009, Caepemena ucmpadsxicusaroa y acmpoHoMuju. 00
omxpuha meneckona 0o danac, 11o3BaHo npenaBame Ha KOH(pepeHIHju Kako
pasymujemuy  YHusepzym:  OONPUHOC — ACMIPOHOMCKUX U DUIUUKUX
ucmpasxcusara, bawa Jlyka, 28.-29.. maj 2009, Yuusepsurer y bamoj Jlymm,
[Ipuponno-maremarnuku akynrer bama Jlyka,(ypenaunm b. IlpenojeBuh u
JI. Y. TlomoBuh) ctp. 7-30.

2. Dragana Ili¢ u Jlyka Ilonosuh: 2009, Axmuena eanaxmuuxa jesepa: npupooa
u ¢usuxa objekama,  Ilo3BaHO mpemaBame Ha KoHbepeHIHjU Kaxo
pazymujemu  Yuusepaym:  OONPUHOC — ACMPOHOMCKUX U (DUBUYKUX
ucmpaoicusarea, bama Jlyka, 28.-29.. maj 2009, Yuusepsuret y bamwoj Jlymwy,
[Ipuponno-matemarnuku akynrer bama Jlyka,(ypenaunu b. IlpenojeBuh u
JI. Y. ITomoBuh) ctp. 109-128.

3. Jovanovi¢, P., Popovic, L.C., 2009, Central Engine of Active Galaxies as the
Most Powerful Source of X-Ray Radiation in the Universe, Publications de
I'Observatoire Astronomique de Beograd 86, 153-160.
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A3.10 Papers presented on domestic conferences published in the Proceedings

L.

Kovacevi¢, A., Shapovalova, A.L, Popovic, L.C., Burenkov, A.N.,,
Chavushyan, V., 2009, 1D and 2D Reverberation Mapping Applied on H_beta
Line of NGC 4151, Publications de 1'Observatoire Astronomique de Beograd
86, 279-282.

Dimitrijevi¢, M. S., and 14 colleagues 2009, Activities of the Group for
Astrophysical Spectroscopy 2005-2008, Publications de 1'Observatoire
Astronomique de Beograd 86, 271-278.

Jovanovi¢, P., Popovi¢, L. C., Central Engine of Active Galaxies as the Most
Powerful Source of X-Ray Radiation in the Universe,2009, POBeo, 86, 153]

J3.11 Papers presented on domestic conferences published in t
he Book of abstracts

N. Gavrilovi¢, "Emission Line Assimetry in Active Galaxies: Mrk 533 and
Mrk 110", 2009, POBeo, 86, 403 J. Kovacevi¢, "The Fe II, [O III] and C IV
Emission Regions in Spectra of Active Galactic Nuclei ", 2009, POBeo, 86,
407

Jovanovié, P., Gravitational Microlensing Influence on X-Ray Radiation from
Accretion Disk of Active Galaxies, 2009, POBeo, 86, 395]

[li¢, D., Kinematical and Physical Properties of the Central Emission Regions
of Active Galaxy Mrk 817, 2009, POBeo, 86, 4051

A3.12 Invited lectures on domestic conferences published in
the Book of abstracts

P. Jovanovi¢ and L. C. Popovi¢, Central engines of active galaxies as the most
powerful sources of X'raz radiation in universe, XV National Conference of
Astronomers of Serbia, Belgrade 2-5 October, 2008, Book of Abstracts, eds. O.
Atanackovi¢, Z. Cvetkovi¢ and D. Ili¢, 39.

A3.13 Papers presented on domestic conferences published in
the Book of abstracts

L.C. Popovié¢ and D. Ili¢, Variability in active galactic nuclei and the Broad Line
Region characteristics, XV National Conference of Astronomers of Serbia,
Belgrade 2-5 October, 2008, Book of Abstracts, eds. O. Atanackovi¢, Z.
Cvetkovi¢ and D. Ili¢, 40.

M.S. Dimitrijevié, LC. Popovi¢, D. Jevremovi¢, M. Daci¢, P. Jovanovi¢, A.
Kovacevi¢, S. Simi¢, D. Ili¢, Z. Simi¢, E. Bon, N. Gavrilovi¢, J. Kovacevi¢, N.
Milovanovi¢ and D. Tankosi¢, Activities of the group for astronomical
spectroscopy 2005-2008, XV National Conference of Astronomers of Serbia,
Belgrade 2-5 October, 2008, Book of Abstracts, eds. O. Atanackovi¢, Z.
Cvetkovi¢ and D. 1li¢, 63.
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3. A. Kovacevi¢, A. 1. Shapovalova, L. C. Popovié, A. N. Burenkov and V.
Chavushyan, ID and 2D reverberation mapping applied on Hf line of NGC
4151, XV National Conference of Astronomers of Serbia, Belgrade 2-5 October,
2008, Book of Abstracts, eds. O. Atanackovi¢, Z. Cvetkovi¢ and D. Ili¢, 64.

A3.14 Defended PhD Thesis

1. Dragana Ili¢, Belgrade 2008, Dijagnostika plazme u Sirokolinijskoj oblasti aktivnih
galaksija pomocu emisionih linija ("Plasma Diagnostics in the Broad Line
Region of Active Galaxies using Emission Lines"), joint doctoral thesis,
University of Belgrade and University of Padua.

2. SaSa Simi¢, Kragujevac 2008, Promenljivost svetlosne krive gama bljeskova:
modifikacija modela udarnih talasa, University of Kragujevac.

A3.15 Defended Master Thesis

1. Natasa Gavrilovi¢, Belgrade 2008, Asimetrija emisionih linija kod aktivnih
galaksija: slucaj Mrk 533 i Mrk 110, University of Belgrade.

2. Jelena Kovacevi¢, Belgrade 2008, Emisioni Fe II, [O II1] i C IV regioni u aktivnim
galaktickim jezgrima, University of Belgrade.
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Abstract. We discuss solutions of the acceleration equation, the equation associated to the
Friedman equation, in the light of the theory of regularly varying functions, also known as
Karamata functions. As a result we obtain that the solutions of the acceleration equation
might have a multiplicative term which is a slowly varying function. Under usual assumptions
for the scale factor a(t), such as a(t) = t%, it appears that this slowly varying term exists.
Slowly varying term may explain some phenomena in the standard models of the evolution of
the Universe. This paper is an announcement of the more detailed research in this area.

1. INTRODUCTION

The Friedman acceleration equation

a 4G 3p
Z__ == 1
i O 1)
together with the fluid equation
N P
(o 2) - 2
pt3-(p+ 3 (2)

and the Friedman equation

(a):w ke @)

a 3 a?

determines the expansion scale factor a(t) of the Universe. Here p is the mass density
while p is the pressure of the material in the Universe. The nature of the solution of
(1) strongly depends on the energy density term

E =p+3p/c, (4)
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particularly of the sign of E. In order to explain the acceleration of the expansion of
the Universe the cosmological constant A is added in (1):

a 4G 3p A
a3<f’+ca)+3- %)
The modified energy density term for A # 0
4G 3p A
Ey=-——"— = — 6
A 3 <p+ CQ> +3 (6)

admits negative values, giving more possibilities in modelling of possible scenarios of
the past and the evolution of the Universe (e.g. Coles, et al., 2002; Hogan 2007, Lidle,
et al., 2000; Narlikar, 2002; Peacock, 1999; Vikman 2005). We note the following two
remarks in regards to A. First, under the transformations

p'=p+A/(87G),p' =p—A/(87G) (7)

the equation (5) transforms into (1), but now referring it to the terms p’ and p'.
Therefore, our discussion will be concentrated further on the mathematical solutions
of the equation (1). However, we shall abandon in certain situations the strong energy
condition E > 0. Secondly, it is well known that there are significant discrepancies
in the predictions of what order should be the value of A. The reason may lay in
the course tuned asymptotic description of the scale factor a(t). In order to avoid
this situation a better asymptotic analysis is needed. The theory of regularly varying
function in the Karamata sense provides the means for such an analysis, particularly
for solutions of the second order differential equations as it is (1). This theory is quite
well developed (Bingham at al., 1987; Hille, 1948; Howard, et al., 1990; Mari¢, 2000;
Marié et al, 1990; Omey, 1981; Seneta, 1976; Swanson, 1968), but it seems it has not
been much applied in cosmology and in astrophysics in general. Yet, there are few to
mention (Mijajlovié et al., 2007; Molchanov, et al., 1997; Stern, 1997).

2. REGULAR VARIATION

In this section we shall briefly review the basic notions related to the regularly
varying functions. We shall discuss also some properties of solutions of the second
order differential equation of the form

y' + f(x)y =0 (8)

related to the regularly varying functions. Observe that the acceleration equation has
the form (8).

2.1. Regularly varying functions

A regular variation is related to the power-law distributions, a kind of polyno-
mial relationship between two quantities. It exhibits the property of scale invariance
represented by

f(z) = az® + o(z*) (9)
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where a and k are constants, and o(z") is an asymptotically small function of z*.
Here, k is the scaling exponent, i.e. a power-law function satisfies f(\z) x f(z)
where X is a constant. So, a rescaling of the function’s argument changes the con-
stant of proportionality but preserves the shape of the function itself. Power-law
relations characterize a large number of natural phenomena, particularly in physics
and astronomy. Examples are the Stefan-Boltzman law, gravitational potential and
the scale factor a(t) in various cosmological models. A particular interest in a power
law can be found in the study of probability distribution and the large fluctuations
that occur in the tail of the distribution — the part of the distribution representing
large but rare events.
The most general form of a power law is given by

f(z) = L(x)z®, or f(x)oxa® (10)

where L(x) is a slowly varying function i.e. L(x) is positive continuous function
(more generally measurable function, but in this article we are dealing anyway only
with continuous functions) defined on some neighborhood [a, oo] of the infinity which
satisfies

lim L(\x)

=1, foreach A >0 (11)

The real number « is called the index of regular variation.
A positive continuous function R defined on some neighborhood [a, 0] is the
regularly varying of index « if and only if it satisfies

i R(A\x)
M R@)

=\% foreach A >0 (12)

It immediately follows that the regularly varying function R(z) has the form
R(z) = L(x)z® (13)

where L(z) is slowly regular.

Jovan Karamata (Karamata, 1930) introduced the conceptions of slowly varying
function and regularly varying functions. He also proved the following two fundamen-
tal theorems.

Examples of slowly varying functions includes iterated logarithms, but there are
more complicated examples e.g.

L = 5[ o (14)

x In(t)’

Lo(z) = exp ((m(x)% cos(ln(x))%) (15)

The second example is interesting since Lo(X) oscillates infinitely many times
between 0 and infinity.
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3. REGULARLY VARIATION AND ACCELERATION EQUATION

We shall represent the acceleration equation (5) in the form

p(t)

The Hubble parameter H(t) and the deceleration parameter ¢(t) are defined by

_ _ a1

(17)

where a(t) is the expansion scale factor of the Universe. Therefore, the equation (16)
can be written as

hence
() = g(t) (H(t)t)%. (19)

Observe that p(t) is a dimensionless parameter. Let us remind that the density
parameter €2(t) and the density parameter for the cosmological constant A are defined
by
p A
Q=—, OW=-—
p’ T 3H?
where p. is the critical density.
The Friedman acceleration equation (1) has two different fundamental solutions
that satisfy a power law if and only if the limit

. <t
v = lim JL‘A %dt (20)

r— 00

exists and v < i. According to the theory of of regularly varying functions and

differential equations, if —co < v < 1/4 and ay < ay are two roots of the equation
a? —a+y=0. (21)

then there exist two linearly independent regularly varying solutions of the equation
y" + f(z)y =0 of the form

yi(z) =% Li(x),1 = 1,2, (22)

if and only if lim =z / f@)dt = ~. Here, L;, i=1,2 denote two normalized slowly

varying functions. Wezsee that this observation directly applies to the Friedman
acceleration equation (16). Thus, the expansion scale factor a(t) satisfies the power
law if and only if v < i.
We discuss only the existence and the possible values of the limit tlim w(t). The
—00
existence of this limit is the sufficient condition for the existence of (20) and in this case
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v = 26lim u(t). Tt appears that the values of the constant « determine the asymptotical
— 00

behavior at the infinity of the solutions of the acceleration equation, i.e. of the
expansion scale factor a(t) of the Universe. If the matter-dominated evolution of the
Universe is assumed, that is, dominated by some form of pressureless material since
the certain time moment t( then the expression H (¢)t depends solely on the parameter
Q. In this case we will be able to estimate the possible values of . We discuss also
the status of the constant v and the related asymptotic behavior of a(t) for the flat
Universe including the cosmological constant A and the open Universe with A = 0.
Detailed proofs of will be published somewhere else.

4. CONCLUSION

A new constant 7 is introduced by (20) related to the Friedman acceleration
equation (1). The values of the constant v determine the asymptotical behavior at
the infinity of the solutions of the acceleration equation, i.e. of the expansion scale
factor a(t) of the Universe. The instance v < % is appropriate for the both cases,
the flat and open Universe, and gives the sufficient and necessary condition that the
solutions of the acceleration equation are in the Karamata class of functions; more
specifically that they satisfy a power law. This property of the acceleration equation is
formulated as the power law conclusion in the subsection 3.3. As power law functions
are the most frequently occurring type of the solutions of the Friedman equation, the
study of the constant v and the related function p(t) defined by (19) might be of a
particular interest.
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Abstract. The Virtual Library of the Faculty of Mathematics, http://elibrary.matf.bg.ac.rs,
contains more than 50 digitized books on astronomy written by Serbian scientists. This
article presents a selection of books written in the 18th and 19th century by the authors:
Ruder Boskovi¢, Zaharije Orfelin, Atanasije Stojkovi¢, Porde Stanojevi¢, Milan
Andonovi¢ and Kosta Stojanovié. For each of these authors a short biography is included.

INTRODUCTION

The Virtual Library of the Faculty of Mathematics is the largest database of
digitized texts in Serbia which is open for public use. At the time of writing this
article, it contains nearly 1500 books mostly in mathematical sciences of old
Serbian scientists (e.g. N. Pejovié¢, 2009). Important collections in this library are a
collection of 360 doctoral dissertations in mathematical science, most of them
defended at the Faculty of Mathematics of the University of Belgrade and rare
books from the 18th and 19th century. Most of these books are rather rare; some
of them exist only in one copy and in fact are unavailable to the general public.
First steps in building of the Virtual Library were done in 2004 (see Mijajlovi¢ at
al., 2004).

In this paper we present a collection of books on astronomy written by Serbian
authors and printed in the 18th and 19th century that are digitized and uploaded
into the Virtual library. These books are the first Serbian astronomical books, and
we can also say that they are the first scientific works of Serbian writers. Let us
note here a general feature of these first Serbian scientists. They were universal in

311



NADEZDA PEJOVIC et al.

their research interest and in other respects as well, so astronomy was not their
only specialty. They were successful in other sciences, too: in mathematics,
physics or philosophy, for example. For them, science mostly was the view of a
unique being - Nature. The language of science was used by them to describe the
nature of this being. Besides, they were often successful politicians, artists,
travelers and writers of novels and poems. Their importance for the development
of Serbian culture, language and science is enormous. Therefore, in addition to
their manuscripts from astronomy we present here their brief biographies and
other works as well. The good source for the history of astronomy in Serbia is
Simovljevi¢’s (1980) article Astronomy.

BOOKS IN ASTRONOMY FROM THE EIGHTEENTH AND
NINETEENTH CENTURIES.

In the Virtual Library there are 15 digitized books from this period by the
following authors:

Ruder Boskovi¢ (1711-1787), Elementorum Universal Matheseos, T. 1-111,
1757, Venetis.

Zechariah Orfelin Stefanovi¢ (1726-1785), Perpetual Calendar, 1783, Vienna.

Atanasije Stojkovi¢ (1773 -1832), Physics, 1810, Buda.

DPorde Stanojevic (1858 -1921), most of his works (8) is digitized, including:
The starry sky of independent of Serbia, 1882, Belgrade.

Milan Andonovi¢ (1849 -1926), Cosmography (1888), On the Cosmos (1889),
Belgrade.

Kosta Stojanovi¢ (1867 - 1921), Atomistics by Ruder Boskovié, 1892, Nis.

Ruder Boskovi¢

Ruder Boskovi¢ (1711-1787) is a
famous mathematician and astronomer of
Dubrovnik and one of the most important
scientists of his time. He is included
among one hundred most prominent Serbs
of all time. He was a university professor,
founder of the Milano Observatory and
the director of the French Navy Optical
Institute. He was an universal creator:
philosopher, mathematician, astronomer,
scolar, geologist, architect, archaeologist,
diplomat, writer, professor, poet and
polyglot.

He was born on 18" May 1711 as the
seventh child of Nikola Boskovi¢ (a Serb
from Orahov Do, a village near Trebinje
in Herzegovina) and mother Paola (of
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Italian descent, from the family of Baro Bettera, a notable poet from Dubrovnik).
He lived mostly in Italy, where he gained world fame. Boskovi¢ died on February
13, 1787.

Boskovi¢ formulated the Unified Law of Forces, assuming that there is not
only an attracting force (as Newton's law states), but that there is also repulsion
which alternately changes with attraction at small distances between bodies.
According to him, an elementary dimensionless particle is the source of the force,
and time and space are relative, unlike in Newtonian theory. Hence, he is often
considered as the forerunner of Albert Einstein.

Ruder Boskovi¢ had numerous contributions to astronomy, among others: he
introduced two geometric methods for determining the elements of the rotation of
the Sun by observing the positions of three bodies, calculated the dimensions and
the flatness of the Earth and discovered the comets. He was the first (1782) who
accurately determined the trajectory of Uranus based on the measurement of
coordinates of Uranus obtained by Messier and Méchain. It should be said that at
the time of discovery it was thought that Uranus was a comet. By calculating the
trajectory of Uranus, he perfected the method for determining the orbits of comets
on the basis of four measured positions. In the 1800" it was one of the most
accurate methods. He also studied the atmosphere of Jupiter and the nature of the
Aurora.

Ruder Boskovi¢ published numerous numbers of paper sheets in mathematics,
astronomy and physics. His well-known books are Theoria philosophiae naturalis
redacta ad unicam legem virium in natura existentium, Opera pertinentia ad
opticam et astronomia and Elementorum universae matheseos.

In the Virtual library there are the following books by him: Elements of
Mathematics (Elementorum Universal Matheseos - Tomus I-1II, 1757, Venetis),
Diary on the Journey from Constantinople to Poland (1762), translated by D.
Neljekovi¢, 1937, Belgrade, On the law of continuity and its consequences in
respect to the basic elements of matter and their forces, printed in 1754, translated
into Serbian by E. Stipani¢, 1975, Belgrade.
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Zechariah Stefanovié¢ Orfelin

Zechariah Stefanovi¢ Orfelin (1726 - 1785) was a prominent Serbian poet,
historian, engraver, baroque educator, calligrapher and writer of textbooks. He
was born into a Serbian family in Vukovar (Slavonia).

Among his most important works is Slavenoserbski magazine printed in
Venice in 1768. This is the first South Slavic magazine. Although it was printed
just in one volume, its importance is great. In the preface he presented the idea of
civil enlightenment, and he aslo said that science, literature and philosophy
should leave the narrow circle of educated people and that it must become
available to everyone. In 1768 Zechariah Orfelin introduced into  Serbian
literature a language which was a mixture of Church and common language. He
also included many Russian words. In this way he practically founded the
Slavoserbian language. Because of his artistic works, primarily in the copper plate,
he was elected a member of the Art Academy in Vienna.

Orfelin is the author of the first Serbian primer (bukvar) which was used since
1767 in teaching many generations of students in writing and reading. He is also
the author of the first Serbian-Latin textbook. His most comprehensive work was
The Life of Peter the Great (Venice, 1772), which he had seen as the enlightened
monarch. He also wrote Perpetual (eternal) calendar. This book includes a
comprehensive chapter on astronomy.
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Orfelin’s Perpetual Calendar was printed in Vienna in 1783. The book has 366
pages and 9 astronomical drawings at the end of the book. Its content concerns
mainly natural sciences and astronomical phenomena and contains, as well,
description of historical events since the creation of the World in a chronological
order. Chapters on astronomy bear the names: Space, The Moon and the
Planets,Comets,Solar Eclipse and Moon Eclipse. It includes information on
weather cycles, tables with information about the Sun and the Moon (needed for
the calculation of the date of Easter according to the Big indicium), tables on the
length of day and night, moon phase tables, and more. Therefore Perpetual
calendar is the first book on astronomy written in the Slavic language, how
Orfelin said “to the benefit of the Slavic-Serbian (slovenoserbskim) people”. More
details about Orfelin’s Calendar, the reader can find in Milovanovi¢ (2007).
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Atanasije Stojkovié

Atanasije Stojkovi¢ was born in
1773 in Ruma, Vojvodina. In this
town he finished Ascension school
(Serbian Grammar school). He went
soon to Sopron where in 1794
completed the first six grades of high
school and then enrolled in a
secondary school in Szeged, where in
1796  graduated philosophy. In
Vienna, in July 1797", he met Dositej
Obradovi¢ and introduces himself
with Dositej’s enlightenment ideas. In
the fall of this year he managed to
obtain support from Metropolitan
Stratimirovi¢ for studies in Gottingen,
at that time one of the most famous
universities. There he obtained PhD
degree in philosophy (1799), and
began intensive studies in various
sciences  (physics, = mathematics,
astronomy, history). After a brief stay in Ruma (1799) he moved to Budapest,
where he published his main work Physics (1801-1803), printed in 3 volumes.

In the Habsburg monarchy it was difficult to obtain a civil job, so after the call
of Severin Osipovi¢ Potocki, the future Minister of Education of Russia, Atanasije
accepted the position of regular professor of physics at newly established Kharkov
University. He soon became the dean of the Department of Physics and
Mathematics and on two occasions (1807-1808 and 1811-1813) he was the Rector
of the University of Kharkov. He is the founder of the Kharkov Learned Society
and he also received many honors and decorations. He became a member of the
Imperial Academy of Sciences, obtained many material privileges, became a
national consultant and Tsar Alexander I gave him the Medal of St. Vladimir of
the third degree.

Atanasije Stojkovi¢ was a hardworking and capable man, of wild spirit, very
successful and was appreciated in his surroundings. He spoke several languages:
German, Latin, French, Italian, English, Greek, Hungarian, and almost all Slavic
languages. He had interesting and exciting life that next to science was marked by
an affair that ended his professorial career. He was also engaged in a secret
mission and diplomacy. He died in Kharkov in 1832.

With his versatility, ambition and intelligence, probably under the influence of
enlightenment ideas of Dositej Obradovié, Stojkovi¢ was trying to educate his
people, to improve their science and culture, at a time when barely was foreseen
the emergence of a new Serbian state.
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The Stojkvi¢’s book @ucuxa (Physics) was printed in 3 volumes. The first two
volumes have 320 pages while the third was written in 284 pages. The book
presents an overview of the knowledge at that time of nature and natural
phenomena. At the beginning of the first volume there is a chapter on mechanics
(the properties and movements of the body). The most of the first volume (the
second and the third chapter) is devoted to astronomy. There are described
celestial bodies, apparently moving spheres of the sky, stars, solar system, the Sun,
planets, comets, the Moon, the eclipses. The third chapter describes our planet
Earth. Also, the concepts of celestial equator, horizon, zenith, and nadir are
introduced. He also explains the geographical coordinates, the size of Earth, the
Earth's movement, the change of the day and night on the Earth and the Earth's
interior. The rest of the book is devoted to the description of geographical notions
and meteorological phenomena.
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The book is written in the common language, without complex mathematical
formulas and equations, having the aim to present knowledge about astronomy
and nature to ordinary people.
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Porde Stanojevié¢

Dorde Stanojevi¢ (1858-1921) was bomn
in Negotin. He completed the Grand School
in Belgrade. After that he became an
assistant at High School, working with his
teacher Kosta Alkovica (1836-1909) and
then as the professor at the First Belgrade
Gymnasium (1883). Having the scholarship
of the Ministry of Defense (1883-1887), he
studied in the most famous astronomical and
meteorological observatories in Europe
(Potsdam, Hamburg, Meudon, Greenwich,
Pulkovo).

On behalf of his results he received a call
from the Paris Observatory to participate in
scientific research expedition to study the
Sun and in the Petrovsk where he
participated in the study of the full eclipse of
the Sun. Two years later he joined another scientific-research expedition to the
Sahara to study the thermal spectrum of the Sun. At that time and later, he
published several research papers in astronomy in the publications of the Paris
Academy of Sciences. These are the first scientific works in astronomy among the
Serbs.

Stanojevi¢ was a versatile, knowledgeable
- - man with a lot of active interest in man
SBESLAHO HELO fields of science and technology. His interes}‘;
in physics was great. Upon his return to
Serbia he devoted himself to the study of
modern physics. In the same time, he became

= the lecturer in physics and mechanics at the
Bl e Military Academy. Also, he taught applied
physics and mechanics at the High School
and at the Belgrade University after
g establishing it in 1905. He was responsible
% oana Y. vewery for the construction of hydroelectric power
plants in Serbia (Vucje, Negotin, Uzice,
Ivanjica and other places) and for the
electrification of Belgrade. This put Belgrade
= among the first European capitals with full
il electric lighting. He died in Paris in 1921.

EFLAENCRS-CPUCRA AFEARIA ETANEAFHIA

1s82

HESABHCHE CPBHJE

ca Jedwom awesdanom KapTom
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In Negotin there is “Porde Stanojevi¢” Square and the museum is dedicated to
him. In New Belgrade there is “Dorde Stanojevi¢” street. The Electric Power
Industry of Serbia on the occasion of its day, 6™ October, gives recognition
“Porde Stanojevi¢” for contributions to the development of Serbian electric power
industry.

The Virtual Library contains eight digitized books of Porde Stanojevié: The
starry sky of independent of Serbia, 1882, Belgrade; A walk across the clouds,
1884, Belgrade; Cosmic energy of modern physics (introductory lecture, 22™
September, 1887, Department of Physics at the Military Academy in Belgrade);
Nikola Tesla and his discoveries, 1894, Belgrade; Science of light, 1895, Belgrade;
Central forces in nature, 1906, Belgrade; Industry of coldness, 1909, Belgrade;
Inaccurate celebration of the Easter in the Orthodox Church and the reform of the
calendar, 1908, Belgrade.

Stanojevi¢ works are characterized by the simplicity and easiness of writing
when exposed to often complex astronomical phenomena. These phenomena,
however complex, are mostly descriptively presented, without mathematical
expressions and using very fine drawings. Therefore, this book is primarily
intended for general education and general readers. In this regard, Stanojevi¢
scored his goal, to bring the basic knowledge of astronomy to the general reader. It
is our great pleasure to have this precious book out of the darkness of library
storage into the light through the Virtual Library and made it easily accessible to
the future readers.

More details about Stanojevi¢ life and works the reader can find in Pejovié
(2008ab, 2009).

Milan Andonovié

Milan Andonovi¢ (1849-1926) was born in Pozarevac where he finished high
school. He was educated in Belgrade at the engineering departments of the Great
School in Belgrade and at the German Universities in Karlsruhe, Aachen and
Munich under the supervision of famous professors Ritter, Jordan, and Helmert.
There he specialized in mechanics, geodesy and astronomy. Upon his return to
Serbia in 1880, he was appointed as the professor of geodesy at the Great School
in Belgrade. He was responsible for the introduction and enforcement of the
cadastre in Serbia in the late 19th century. He founded the Geodetic Institute under
whose auspices were surveyed many towns in Serbia. In 1907 he founded the
Surveying and Building Academy where many Serbian surveyors and civil
engineers were trained. Together with John DragaSevi¢, Milan Nedeljkovi¢ and
Djordje Stanojevi¢ he is bearing the credit for introducing the teaching of
astronomy in Serbian schools and promotion of science in Serbia. He died in
Vienna in 1926.
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Andonovi¢ had published a number of
scientific papers, books (all printed in
Belgrade), and discussions related to
surveying, astronomy, shape and size of
the Earth, the theory of least squares,
survey and cadastre:

Basics probability and the theory of
least squares, 1886; The shape and size
of the Earth, 1886; Cosmography with
basic astronomical notes for high school
teachers, 1888; The volume and size of
our Earth, 1889; The Universe, 1889;
Basic geodesy with distinctive view of the
cadastral question, 1890-1897 (1st part
1890, p.368, 2nd part 1897 vol. 1, p. 369-
1390; vol. 2, p.1391-1641); The cadastre,
1889.

He also wrote during the First World
War, political discussions and articles (in
German and French) in favor of Serbia.
There are the following digital copies of his books in the Virtual Library:
Cosmography, 1888, and The Universe, 1889, both printed in Belgrade

Hard copies of both books are in the Library of Astronomical Observatory of
Belgrade. Books are digitized by the courtesy of Vojislava Proti¢-Benisek.

Cosmography was intended for high school students and students of other
secondary schools. Probably, it was used as a secondary textbook at the Military
Academy and the Grand School, the forerunner of the Belgrade University. In
addition to the foreign literature, Andonovi¢ mentioned in the bibliography two
Serbian authors: Trigonometry of Dimitrije Nesi¢ and Cosmometry by Jovan
DragaSevi¢. The book has many illustrations: 141 photos and drawings, 17 tables
and a large star map. He took most of these drawings, with permission, from a
book of E. Weiss, then the director of the Vienna Observatory.

Cosmography is an extensive (533 pages) and quite comprehensive book. It
describes celestial sphere, constellations, the shape and size of the Earth, the
Earth's rotation and revolution, the apparent movement of the Sun, coordinate
systems, time, calendars, Solar system, stars, tides, precession, Cosmogony and
among other things, Kant-Laplace's theory about the origin of the World (i.e. the
Solar system). Besides all that, there are twenty fully solved astronomical
problems with detailed explanations.

The book is written in a very beautiful style, almost as a literary work, and is
worth reading also from that point of view. There we find many forgotten words
and terms whose meaning were forgotten or had changed since today. For
example, the cluster (Serb. zvezdano jato) there means constellation, stardust

MWIAH J. AHOOHOBHT
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(Serb. ozvezdina) - meteorite, comet star (Serb. zvezda repatica) - comet, the
inflow and outflow (Serb. priliv i odliv) — the tide. Also, for each constellation he
introduces the alinjman — having the meaning similar to asterism.
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For example the alinjman of Big Bear (in Serbian also called Velika kola - Big
Chariot) has four stars — the asterism trapeze of the constellation Big Bear, while
the alinjman of North Star is the line that passes through the rear wheels of the Big
Chariot towards to the North Star. The Virtual Library contains digital copies of
his books: Cosmography (1888) and The Universe (1889), both published in
Belgrade.

Kosta Stojanovi¢

Kosta Stojanovi¢ (1867-1921) was born in
Aleksinac. There he finished elementary
school and lower secondary school, while the
high school he completed in Nis. He graduated
in mathematical sciences at the Grand School
in Belgrade. For some time he was working as
a high school teacher in Ni§ and Belgrade. He
went to Paris in 1893 where he studied
mathematics, astronomy, mechanics and
physics under the supervision of famous
professors Poincaré, Picard and Appeal. There
he became a member of the Historical Society
of France and the French Astronomical
Society. He went to Leipzig in 1897 where he
entered doctoral studies in mathematics.
Unfortunately, he returned to Serbia after three
months because of his illness.

Kosta Stojanovi¢c was a university
KOCTA CTOJAHOBUT: professor, but he had a very rich political
career, too. At the beginning of 1900™ he
became a deputy as the representative of
the Ni§ district.

Since the 1903™ he taught applied
mathematics at the Grand School and at the
MEXAHUKRA Belgrade University after it was established
in 1905. Whereupon he abruptly
interrupted academic career and 1906 he
became the Minister of Commerce, at the
time of the custom war between Belgrade
and Vienna.

APEQABAH:A HA YHHBEPSHTETY
3

MPHUMEHREHE MATEMATHKE

Around that time, Kosta Stojanovic¢
wrote the book Fundamentals of economy
value. This book is a work in mathematical
- — economics and Stojanovi¢ there used very

322



SERBIAN ASTRONOMICAL WORKS IN THE VIRTUAL LIBRARY OF THE FACULTY OF
MATHEMATICS IN BELGRADE

advanced mathematical apparatus, for example, the theory of partial differential
equations to describe economic models. Even today there is an interest for this
book, not only in Serbia but also in the other parts of former Yugoslavia. This is
probably the most advanced book in economics ever printed in Serbia due to the
mathematical tools that were used in.

He was the Minister of Agriculture (1919-1920) and the Minister of Finance in
1921 in the government of Nikola Pasi¢. A few days after the appointment as the
minister of finance, he suddenly died.

The book Mechanics is actually a university textbook in applied mathematics.
Let us mention that at this time, under the term applied mathematics it was
assumed mechanics, mathematical physics and celestial mechanics. The most of
the book is related to the vector calculus, then the kinematics, statics, dynamics,
analytical mechanics and the theory of differential equations. Chapter Ten of this
book is dedicated to astronomy. There he gave the basics of celestial mechanics
and the theory of differential equations of the motion of planets, comets and
satellites. Also, the theory of elliptical movement, the method of variation of
constants and parabolic motion of comets are presented.

CONCLUSION

The Virtual Library of the Faculty of Mathematics has a significant place in the
presentation of old and rare books to the Serb scientific and professional
community and general public wide-world. This fact we can convince, for
example, by the choice of books from the collection of astronomical works of the
Serbian scholars presented in this article.
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Abstract. This work continues our investigations on possibilities of presentation the time
development of eruptive solar protuberance and related magnetic field. The aim of this
work is mapping the direction of movement of different layers of protuberance. The map
construction is based on compass directions dividing them to 8 possible — North, South,
West, East, North-West, North-East, South-West, South-East. The tests in this investigation
are carried on sequences of images obtained from 15 cm Lio coronagraph-telescope of
NAO Rozhen, used for observation of protuberance of low solar corona.

1. INTRODUCTION

This work continues the investigations on possibilities of presentation the time
development of eruptive solar prominence and related magnetic field described in
“Technique for tracking and visualization of motion in sequence of images of the
solar corona”.

The aim of the work is mapping the direction of movement of different layers
of prominence and tracking its positions in the sequence of images.

The movement produces any displacement that follows some direction. The
direction shows possible changes in different layers of prominence and its
estimation gives information about the magnetic field behavior. There are two
guestions of interest:

. Available inhomogeneous is the whole prominence from the point of
view of dynamics of eruption?

. What are directions of movement available in prominence?

A simple technique that uses spatial gradients, gives a possibility to estimate
the directions in angular interval. The differences between positions of layers
could be obtained using sequences of computer images of prominence. Pixel based
image processing [3] calculates the time-spatial gradient on the area of four
neighbor pixels with same positions into sequenced frames [1]. The ratio between
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y and x gradient gives degree of deviation - Q of the lightness of each pixel and is
easy imaged by corresponding color hue derived from RGB reproducing signals
(models HSV, HLS, HSI). Giving limits of deviation, all possible directions of
movement could be reduced to 8 possible — North, South, West, East, North-West,
North-East, South-West, South-East. Using them, a time-dependent map of layers
following one direction is possible to be constructed. In addition, rapid changes of
directions in sequenced frames that respond to effect of turbulence fix a possible
collision.

2. TEST EXPERIMENT

The tests in this investigation is carried on sequences of images obtained from
15 cm Lio coronagraph of NAO Rozhen, used for observation of prominence of
low solar corona. The images are registered by 8-Mb digital camera CANON
350D and saved in jpg file format.

Specially developed software is used for preliminary processing, coinciding the
frames in sequences, and obtaining images describing compass directions. The
processing includes as follow:

- initial analysis and extraction of photo-spherical shining by statistical
estimation of the pixels values,

- improvement of the images quality applying gauss-filter and sharpen edges,

- coinciding the frames into each sequence,

- producing gradient images,

- extraction of the images in correspondence with the compass directions.

The data about changes of directions are incorporated by values of angle &
calculated for each pixel. Possible directions are limited between 0 and 360
degrees with 1-degree step of separation.

Table 1 describes relations between compass-directions and interval of values
in hue used in this image processing.

Table 1: Hue limits and compass direction relations

[H-H,] Compas
NW

339-0: E \

23 - 67 NE w E
RR - 1192 NI
113 - 157 NW
158-202 | w o f ’
203-248 | sw "
249- 294 S Figure 1. Compass directions.

295 - 338 SE
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The directions are imaged by pixels with color attributes corresponding to
particular color hue. As a result, each gradient image is separated to eight images
composed from pixels marked by one compass direction.

The test uses a sequence of 36 images of solar corona.

3. RESULTS AND DISCUSSION

An image of colored gradient directions is given in Fig. 2. Different layers are
separated in dependence on defined hue limits. Fig. 3 demonstrates images of the
all-compass directions presented in the image mentioned above.

Figure 3. Images of layers with pixels with given direction.
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Three point in the top, middle and bottom position of the prominence
(mentioned at the gradient picture) are traced into the period of 25,4 min. Their
compass directions are given in Table 2. Time is mentioned as duration between
the first and the subsequent image. The “collision” of opposite directions is
marked by red color.

Table 2: Directions of movement at the three mentioned points.

t 0 0.3 1.9 2.1 2.5 2.8 3.1 3.2 3.7 4.1 4.3 5.2
pl | A | D> | R | ¥V | ¥ R | R | ¢|€|R |[R
n? - (74 - A A A A A A - - R
nA2 | | e | < e (74 (74 AN AN | | < -

t 5.9 7.2 7.4 8.4 9.1 11 12 13 14 15 15 16.
pnl | ® R (R | R | KR [([R|A| N[ || [
n? « 7 A « | | » R R > | & 7 N7
n 2 - | “a | S - (V4 w - - - -

t 16 17. 18. 18. 19. 19. 19. 20. 20. 23 25.
pl | A | ® € Vi > a2 V[V
p2 | > | e | e | e | e | e |V 2| > | ¢
p3 | D> | ¥V [V ]| ege | V| V]IS 2]|>2]>]>

The results show maximal time of saving direction of movement available at
the bottom point. In the test sequence it is between t=4,3 and t=11,9 min and
follows NW direction. Maximal number of collisions is presented for the middle
point. The first twelve images of map of movement to the right (NE) direction are
given in Fig. 4.

4. CONCLUSIONS

Special software is developed to separate the part of different motion direction
in frames. The separated images form moving maps of different directions in
dependence on the time. The results of the test demonstrate possibilities to define
the time of saving direction of movement in arbitrary points and eliminate
flickering. The method also gives a possibility to trace the direction of internal
motions in the prominence body.
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t=0 dt=0,3 dt=1,9 dt=2,1

dt=2,5 dt=2,8 dt=3,1 dt=3,2

dt=3,7 dt=4,1 dt=4,3 dt=5,2

Figure 4. Images of pixels for the first twelve time samples of the NE compass
direction.
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Abstract. The static electrical conductivity of plasma was calculated by using the modified
random phase approximation and semiclassical method, adapted for the case of dense, partially
ionized plasma of DB white dwarf atmospheres. were performed for the range of plasma
parameters of interest for DB white dwarf atmospheres with effective temperatures 1 - 104K <

Torr < 3-10%K.

1. INTRODUCTION

The data on electrical conductivity of plasma of stars with a magnetic field or
moving in the magnetic field of other component in a binary system (see e.g. Zhang
et. al., 2009; Potter and Tout, 2010; Rodriguez-Gill et al., 2009) could be of signifi-
cant interest, since they are useful for the study of thermal evolution of such objects
(cooling, nuclear burning of accreted matter) and the investigation of their magnetic
fields. Electrical conductivity was particularly investigated for solar plasma, since it
is of interest for the consideration of various processes in the observed atmospheric
layers, like the relation between magnetic field and convection, the question of mag-
netic field dissipation and the energy released by such processes (see e.g. Kopecky
1970 and references therein).

An additional interest for data on electrical conductivity in white dwarf atmo-
spheres may be stimulated by the search for extra-solar planets. Namely Jianke et al.
(1998) have shown that a planetary core in orbit around a white dwarf may reveal its
presence through its interaction with the magnetosphere of the white dwarf. Such an
interaction will generate electrical currents that will directly heat the atmosphere near
its magnetic poles. Jianke et al. (1998) emphasize that this heating may be detected
within the optical wavelength range as H, emission. For investigation and modelling
of mentioned electrical currents, the data on electrical conductivity in white dwarf
atmospheres will be useful.
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One of the most frequently used approximations for the consideration of trans-
port proprieties of different plasmas is the approximation of ”fully ionized plasma”
(Spitzer 1962, Radke et al. 1976, Adamyan et al. 1980, Kurilenkov and Valuev 1984,
Ropke and Redmer 1989, Djuri¢ et al. 1991, Nurekenov et al. 1997, Zaika et al.
2000, Esser et al. 2003). It was shown that the electrical conductivity of fully ionized
plasmas can be successfully calculated using the modified random-phase approxima-
tion (RPA) (Djurié¢ et al. 1991, Adamyan et al. 1994a,b) in the region of strong and
moderate non-ideality, while the weakly non-ideal plasmas were successfully treated
within semiclassical approximation (SC) (Mihajlov et al. 1993, Vitel et al. 2001).
In practice, even the plasmas with the significant neutral component are treated as
fully ionized ones because of simplification of the considered problems, (Ropke and
Redmer 1989, Esser and Ropke 1998, Zaika et al. 2000, Esser et al. 2003). However,
our preliminary estimations have shown that such an approach is not applicable for
the helium plasmas of DB white dwarf atmospheres described in Koester (1980) where
the influence of neutral component can not be neglected.

2 R b)

p (g/em’)
S
r gl Lo
T[10° K]

6 |

10° : . . , :
2 0 2 2 0 2

log t log t

Figure 1. DB white dwarf atmosphere models with log g = 8 and T¢7y=12000K (full
curve), T,5=16000K (dashed curve) and T¢;y=20000K (dotted curve) from Koester
(1980): (a) The mass densities; (b) The temperatures, as functions of Rosseland
opacity 7.

Consequently, an adequate method for calculations of electrical conductivity of
dense, partially ionized helium plasmas is developed here and all details are pub-
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lished in Sreckovié et al. (2010). This method represents a generalization of methods
developed in Djuri¢ et al. (1991) and Mihajlov et al. (1993), namely modified RPA
and SC methods, and gives a possibility to estimate the real contribution of the neu-
tral component to the static electrical conductivity of the considered helium plasmas
in wide ranges of the mass densities (p) and temperatures (7).

The calculations were performed for the helium plasma in the state of local ther-
modynamical equilibrium with given p and T in regions 1 - 10K < 7 < 1-10°K
and 1 x 107%/cm?® < p < 2g/cm3. For the calculations of plasma characteristics of
DB white dwarf atmospheres the data from Koester (1980) were used. All results
are given in Sreckovié et al. (2010) and here only the application to DB white dwarf
atmospheres will be shown.

25000K, .-

ol

.......

o (1/Q m)

p (g/cm’)

Figure 2. Static electrical conductivity ¢ of dense He plasmas as a function of mass
density p (full curves), compared to the Coulomb part of conductivity (dashed curves).
The area between the two vertical dashed lines marks the region which is of interest
for DB white dwarfs.
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Figure 3. Electrical conductivity ¢ as a function of the logarithm of Rosseland
opacity 7 for DB white dwarf atmosphere models with log g = 8 and T.;;=12000K
(full curve), Te;r=16000K (dashed curve) and T¢sy=20000K (dotted curve).

2. RESULTS AND DISCUSSION

In order to apply our results to the study of DB white dwarf atmosphere plasma
properties, helium plasmas with electron (N.) and atom (N,) densities and temper-
atures (7'), characteristic for atmosphere models presented in the literature (Koester
1980), are considered here. So, the behaviour of p and T for models with the loga-
rithm of surface gravity log g =8 and the effective temperature Tt sy =12000K, 16000K
and 20000K is shown in Fig. as a function of Rosseland opacity 7. As one can
see, these atmospheres contain layers of dense helium plasma. In order to cover
reliably the considered plasma parameter range, we tested our method for the cal-
culation of the plasma electrical conductivity within a wider range of mass density
1 x 107 %g/cm?® < p < 2g/cm? and temperature 10000K < T < 30000K .

The influence of neutral atoms on the electrical conductivity of helium plasma
is shown in Fig. . In this figure the electrical conductivities for 7" = 15000, 20000
and 25000K are given as functions of mass density p. The range between the two
vertical dashed lines corresponds to the conditions in the considered DB white dwarf
atmospheres. Two groups of curves are presented in this figure: a) the dashed ones,
obtained neglecting the influence of atoms, i.e. with v, = 0; b) the full line curves cal-
culated including the influence of atoms. First, one should note that the behaviour of
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these two groups of curves is qualitatively different: the first one increases constantly
with increasing p, while the other group of curves decreases, reaches a minimum, and
then starts to increase with increasing p. One could explain such behaviour of the
electrical conductivity by the pressure ionization. This figure also clearly shows when
the considered plasma can be treated as ”fully ionized”.

The developed method was applied to the calculation of plasma electrical conduc-
tivity for the models of DB white dwarf atmospheres presented in Fig. . The results
of the calculations are shown in Fig. . Let us note a regular behaviour of the static
electrical conductivity which one should expect regarding the characteristics of DB
white dwarf atmospheres.

The method developed and published in Sreckovié et al. (2010) represents a
powerful tool for research into white dwarfs with different atmospheric compositions
(DA, DC etc.), and for the investigation of some other stars (M type red dwarfs,
Sun etc.). Finally, this method provides a basis for the development of methods to
describe the other transport characteristics which are important for the study of all the
mentioned astrophysical objects, such as the electronic thermo-conductivity in the star
atmosphere layers with large electron density, electrical conductivity in the presence
of strong magnetic fields and dynamic (high frequency) electrical conductivity.

References

Adamyan, V. M., Djurié¢, Z., Ermolaev, A. M., Mihajlov, A. A., Tkachenko, I. M.: 1994a, J.
Phys. D: Appl. Phys., 27, 111.

Adamyan, V. M., Djurié, Z., Ermolaev A. M., Mihajlov A. A., Tkachenko, I. M.: 1994b,
J. Phys. D, 27, 927.

Adamyan, V. M., Gulyi, G. A., Pushek, N. L., Starchik, P. D., Tkachenko, I. M., Shvets,
1. S.: 1980, High Temp., 18, 186.

Djurié, Z., Mihajlov, A. A., Nastasyuk, V. A., Popovié¢, M., Tkachenko, I. M.: 1991, Physics
Letters A, 155, 415.

Esser, A., Ropke, G.: 1998, Phys. Rev. E, 58, 2446.

Esser, A., Redmer, R., Ropke, G.: 2003, Contributions to Plasma Physics, 43, 33.

Jianke, L., Ferrario, L., Wickramasinghe, D.: 1998, ApJ, 503, 151.

Koester, D.: 1980, A&AS, 39, 401.

Kopecky, M.: 1970, Bul. Astron. Inst. Czechoslovakia, 21, 231.

Kurilenkov, Yu. K, Valuev, A. A.: 1984, Beitr. Plasmaphys., 24, 161.

Mihajlov, A. A., Ermolaev, A. M., Djurié¢, Z., Ignjatovié¢, Lj. M.: 1993, J. Phys.D.: Appl.
Phys., 26, 1041.

Nurekenov, K. T., Baimbetov, F. B., Redmer, R., Ropke, G.: 1997, Contrib. Plasma Phys.,
6, 473.

Potter, A. T., Tout, C. A.: 2010, MNRAS, 402, 1072.

Radke, R., Gunther, K., Popovi¢, M. M., Popovi¢, S. S.: 1976, J. Phys. D, 9, 1139.

Rodriguez-Gil, P., Martinez-Pais, I. G., Rodriguez, J. C.: 2009, MNRAS, 395, 973.

Ropke, G., Redmer, R.: 1989, Phys. Rev. A, 39, 907.

Spitzer, L.: 1962, John Wiley and Sons, New York, London.

Sreckovié, V. A., Ignjatovié¢, L. M., Mihajlov, A. A., Dimitrijevi¢, M. S.: 2010, MNRAS,
406, 590.

Vitel, Y., El Bezzari, M., Mihajlov, A. A., Djuri¢, Z.: 2001, Phys. Rev. E, 63, 026408.

Zaika, E. V., Mulenko, I. A., Khomkin, A. L.: 2000, High Temp., 38, 1.

Zhang, C. M., Wickramasinghe, D. T., Ferrario, L.: 2009, MNRAS, 397, 2208.

335






Proceedings of the VII Bulgarian-Serbian Astronomical Conference (VII BSAC)
Chepelare, Bulgaria, June 1-4, 2010,

Editors: M. K. Tsvetkov, M. S. Dimitrijevi¢, K. Tsvetkova, O. Kounchev, Z. Mijajlovi¢
Publ. Astron. Soc. “Rudjer Boskovi¢” No 11, 2012, 337-342

SOFTWARE APPROACH FOR PARAMETRIZATION
OF FITS DATA

ALEXANDER KOLEV

Defense Advanced Research Institute,
Military and Staff College, Sofia, Bulgaria
E-mail: alexkolev@yahoo.com

Abstract. Using ordinary software tools including tiff-fits converting, astroinformatics
users need editing or repeating table information, named fits-header. In this paper the
approach and software realization of the usable software tool for the astroinformatics
purposes are described.

1. INTRODUCTION

Some of the tasks of the project Astroinformatics directly linked to the need
for adding or editing a text-tabular astroinformatics data, called fits-header. One
such case is the conversion of astronomical images scanned as TIFF graphics file
format to that adopted in specialized astroinformatics FITS (2010) file format. The
content of the fits-header is essential for proper interpretation of the contained
graphics and also has useful information about the observatory, made graphically
documented observation, astronomical instruments, which is made, the
observation date and duration of monitoring and others.

There are software solutions that allow editing of the fits-header directly
entered by the user: name for the key, value and comment. Experience of using
these software tools shows that the introduction of direct indication of the key
values and is not sufficiently effective. Alphanumeric identification key of the
sense defined constant, or speaking a second domain name and be spelled exactly
the use of certain symbols and format. Similarly, the value of the corresponded
value is of a particular type has a physical dimension, range of values and in some
cases default.

During the research project "Astroinformatics” and being able to create new
software tools and processes for the conversion of tabular and graphical content
astroinformatics widely used FITS file format, here a programming model with
which to implement menu oriented interactive subsystem for adding and editing of
fits-header data and parameterized views of partial images is offered.
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2. PROGRAMMING MODEL OF THE PARAMETERIZED
FITS-HEADER DATA

Fig. 1 displays the development of the project Astroinformatics software
application, "TIFF to FITS converter".

1L TIFF to FITS EH_EJ.@.

Open I {Header | Save asFITS i

]Kay |Va|ua |Commant ~ |
SIMPLE T file does confarm = ||
BITP 16 number of bits pe
NExIS 2 rurnber of data a:
MaxIs] E034 length of data axi
MAxIS2 6094 length of data axi
EXTEND il FITS datazet may,
BZERO 32768 offset data range
BSCALE 1 default scaling fan
OBJECT |

OBSERVER Mame of observe
OBSERWVAT ‘Where the plate v
INSTRUME |

TELESCOP

FLATENUM |Catalog idert. of |
EMULSION Type of emulsion
FPOUALITY Preservation of pl
FILTER |

FRISMANG Prism angle [dd.m
TELSCALE Telescope scale
EXPTIME .Exposure time [mi
DISPERS Dizpersion [A mm
MULTIE=P UT and min. of m
SCANMER \Madel af scanner
DATE UT Date of scan
SCANRES Soan resolution [ )|
R 3

Figure 1. Astronomical image with fits-header table.

On the left in Fig. 1 tabular fits-header data specific to the output TIFF file of
the astronomical image and automatically filled in, and some other keys, values
that need to be manually entered are shown. For large groups of output TIFF files
manually input fits-header data have some repetition, therefore parametrization by
creating templates is suggested.

Fig. 2 presents schematically the essence and logical links used for description
of complex patterns of fits-header data.
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TEMPLATE 4

USAGE

FYvyy

REFERENCE

STATUS

COMMENT

DEFINITION

F 3

UHIT

DEFAULT

RANGE

DATATYPE

Figure 2. Logical scheme fits-header template.

A Dbrief explanation of the entities of the logical scheme in Fig. 2 is presented

in Table 1.
Table 1:
Entity Description
TEMPLATE Defined list of templates available to users by their
names
KEYWORD Alphanumeric identification key
USAGE Scope of the key - standard, or conventional
REFERENCE Reference to the document governing the use of key
STATUS Mandatory or reserved for possible use
HDU Specify the data block to which can be used
COMMENT User comments
DEFINITION Substantive definition of the key governing document
VALUE Key value
UNIT Units of value
DATATYPE Type of value
RANGE Range of values for that key
DEFAULT Default value, if any
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3. PROGRAMMING MODEL FOR USER-DEFINED VIEWS

The study of application software custom designed for astroinformatics shows
the need to build tools for astroimages navigation in order to detect the image
details. Most of the examples mentioned have similar software features zoom and
select the current center of the image and applying different methods of filtering
and visual correction. In practice, if a specialized user is interested in details of the
image, which referred to a specific FITS file, this file may be accessed through a
set of parameters. A similar example is a Linux version of the test program,
developed for the needs of project Astroinformatics and shown in Fig. 3. Here a
relatively simple but effective software tool helps the user to access a total picture
of the region and to receive in a new window image in the partial set zoom and
filters applied.

Fits Viewer

Figure 3. Astroimage defined view.

Is it possible an once defined view to be parameterized in such a way that at the
next entry in the program to be restored and why not the user to get a list of all
defined views to that image?

This opportunity provides a flexible structure of the FITS file format, namely
the creation of an extension of type ASCII table. Each user is described in view of
information structure, preservation and access program. The data structure
designed to maintain user views at FITS astro-image is presented in Fig. 4.

Software and technological approach for storing user parameterized views is
likely to be as tabular relational scheme or XML structure (Thomas et al., 2001).
FITS an interesting solution based on SQL (Structured Query language) was
submitted by Amy Shelton (FITS Query Language, 2008).
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VIEW

RANGE
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FILTER LOGARITMIC
I EXPOHENT
CUSTOM .

[l BOUNDARIES ..‘
o> RECTANGLE POL YNOMIAL

WINDOW

~

A

F

POMT

Figure 4. Parameterization of user views.

In Fig. 4 naming views consist of user data, data on the attached filter which
could be linear, logarithmic, or arbitrarily defined. In the latter case the filter is
presented as functional interpolation curve. Geometric positioning and screen size
of the view defined by boundaries on a rectangular area in the main image window
and the borders of the resulting view.

4. CONCLUSIONS

Models of software programming tool to serve astroinformatics users based on
pilot testing of software within the project Astroinformatics is provided. Final
development of a similar type of software would increase efficiency of the work of
specialists dealing with converting graphics file formats to specialized for
astroinformatics FITS file format. Also, beyond the project, the proposed
publication of software so far in "custom parameterized views" is in the service of
numerous professionals and amateur astronomers, as well as astroinformatics
specialists. In the latter case a further development of the idea of parameterized
FITS tabular data could grow to the construction and maintenance of WEB-based
database with possibilities for centralized updating of fits-header versions and
increase mobility in the definition and use of user defined views FITS .
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Abstract. Interplanetary electron beams, produced by CMEs and flares, are unstable in the
solar wind and generate Langmuir waves at the local plasma frequency (fp) or its harmonic
(2fp)- Radio observations of the waves in the range 4 - 256 kHz from the WAVES experiment
onboard the WIND spacecraft have been statistically analyzed. A subset of 36 events has
been selected for this study. The background consisting of thermal noise, type III bursts and
Galactic background has been removed and the remaining power spectral density has been
fitted by Pearson’s system of probability distributions. The coefficients of the probability
distributions have been calculated by using two methods: method of moments and maximum
likelihood estimation method. We have shown that the probability distributions of the power
spectral density of the Langmuir waves belong to three different types of Pearson’s probability
distributions: type I, type IV and type VI. In order to compare the goodness of the fits,
a few statistical tests have been applied, showing for all of the considered events that the
Pearson’s probability distributions fit the data better than the Gaussian ones. This is in
contradiction with the Stochastic Growth Theory which predicts log-normal distribution for
the power spectral density of the Langmuir waves. The uncertainty analysis that has been
performed also goes in favor of the use of Pearson’s system of distributions to fit the data.

1. OBSERVATIONS AND SAMPLE EVENTS SELECTION

We used the measurements obtained by four different experiments on-boarded
Wind spacecraft - a laboratory for long-term solar wind measurements, launched on
November 1, 1994. We have focused on radio observations obtained by the WAVES
experiment (Bougeret et al., 1995). In our study of locally generated Langmuir waves
we use data of two multi-channel thermal noise receivers (TNR), which cover the
frequency range from 4 kHz to 256 kHz in 5 logarithmically-spaced frequency bands.
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Each band covers 2 octaves with one octave overlap. Each of these bands is divided
into either 32 or 16 logarithmically-spaced channels. TNR provides rapid measure-
ments of plasma electric field (every 1.5 s or half spacecraft spin). The Langmuir
waves that are converted into electromagnetic waves — type III bursts, can then be
observed with two radio receivers, RAD1 and RAD2. The RAD1 frequency range,
from 20 to 1040 kHz, is divided into 256 linearly spaced channels of 3 kHz bandwidth
each. Frequency range of the RAD2 radio receiver, from 1075 to 13825 kHz, is divided
in the same number of channels as RAD1, but with 20 kHz bandwidth.

For the selection of a sample events we used: (1) one minute averaged measure-
ments of interplanetary magnetic field vector in Geocentric Solar Ecliptic (GSE) carte-
sian coordinates from Magnetic field investigation (MFI), (Lepping et al., 1995); (2)
for the particles measurements, i.e. for the full three-dimensional distribution of
suprathermal electrons and ions, we used 3-D Plasma and Energetic Particle Inves-
tigation (3DP) experiment (Lin et al., 1995); (3) for the solar wind velocity we used
data from the Solar Wind Experiment (SWE) (Ogilvie, 1995) which provides three-
dimensional velocity, density and temperature of the solar wind ions. As the solar
wind velocity we used proton velocity averaged over the time interval when our event
occurred.

The measurements, taken simultaneously by the four experiments, allow qualita-
tive analysis of the events.

2. ANALYSIS

The stochastic growth theory (SGT) describes situations in which an unstable
distribution of particles interacts self-consistently with its driven waves in an inhomo-
geneous plasma environment and evolves to a state in which the particle distribution
fluctuates stochastically about a state close to time and volume averaged marginal
stability. These fluctuations drive waves so that the wave gain, G = 2In(E/Ey), is
a stochastic variable. The wave gain is the time integral of the wave energy density
growth rate and it is related to the wave electric field, E(t), by E?(t) = E exp|G(t)]
where Ej is a constant field. The observed electric field, F, is a consequence of a
large number of amplifications and damping: F = Ejy Hf\il e, (N > 1), where
gain, Gy, is a stochastic variable. Taking the logarithm of this equation one obtains:
log E' = log Ey + Zfil G;. The central limit theorem can then be applied to the
probability distribution of log F' which is thus a normal distribution (e.g. Robinson,
1992).

In order to see if the Langmuir waves associated with type III solar bursts satisfy
predictions of the SGT, we have undertaken the following steps. We have integrated
the power spectral density (S, index ¢ denotes a certain moment of time) of Langmuir
waves through a narrow interval of frequencies (f1, f2) around the local plasma fre-
quency (fp): Prw,e = f}f Sedf, (fi < fp < f2). The integration is done numerically
by a trapezium method. In that way we obtain the total power of the Langmuir waves
at a given moment of time (Prw,¢).
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Figure 1. Histograms of Langmuir waves power (2002 October 215¢ event). Upper
panel: Before (filled blue bars) and after (empty green bars) background removing.
Lower panel: part of upper panel, dashed line represents Gaussian fit of Langmuir
waves power histogram after background removing.
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To remove the background consisting of the thermal noise, the type III radio
burst and the galactic background, we have developed a heuristic algorithm based on
numerical techniques (interpolation and smoothing) with a few parameters. From the
remaining data we made new histogram, displayed in Fig. 1 (green empty bars), and
fit it with a normal distribution shape function (dashed line in Fig. 1, lower panel).
The error bars on the histogram are calculated as standard deviation of counting
statistics, i.e. the Poisson distribution.

To find a better approximation for the probability functions we have applied a
family of distributions proposed by Pearson (1895).

3. APPLYING pEARSON’S SYSTEM OF DISTRIBUTIONS

When dealing with empirical data with significant skewness and kurtosis, the nor-
mal distribution is not the best choice for modeling. The four parameter Pearson’s
system of distributions is a better choice (see Fig. 2 for an example). It represents a
wide class of distributions with a wide variety of shapes and thus provides more accu-
rate representations of the observed data. On the other hand, it includes, as special
cases, some well known distributions (normal, beta, gamma, Student’s t-distribution
ete.).

0.35

03 1

0.25 - /
/|
/

02| /!

0.05 -

Il
11 —10 -9
logio(Prw, )

Figure 2. Pearson type I (solid red line) and normal (dashed line) probability density
distribution of Langmuir waves power (2002 October 215 event).
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In 1895 Pearson (1895) defined this distribution system by the following ordinary
first order differential equation for the probability density function p(x):

P (x) bo + bz
p(z) ¢+ + ez’

where by, b1, co, ¢1 and ¢y are five real parameters. After normalizing the fraction
with any of them, only four independent parameters remain. The form of the solution
of this differential equation depends on the parameter values, resulting in several
distribution types. The classification of distributions in the Pearson system is entirely
determined by the first moment — mean (p;), and the next three central moments (us,
w3 and pg). Pearson proposed two dimensionless parameters, i.e. the two moment
ratios square of skewness (31 = Sk*) and kurtosis (32):

H% Ha
ﬂl 3 ﬂ? /145
These two parameters characterize the peakedness and the asymmetry of the dis-
tribution and it turns out that the distribution type depends only on two of them.
Their values can be estimated from observations (Johnson et al., 1994). The other
way of parameter estimation is the Maximal Likelihood Estimation method. For each
Pearson distribution type its parameters are determined to maximize the likelihood
function of the sample data. The best result over all types is chosen. For optimiza-
tion we used standard Nelder-Mead and Levenberg-Marquardt methods (Press et al.,
2007). Both methods gave very similar results.

We find that our 36 events belong to only 3 types of Pearson’s distributions: type
I (beta), type IV (not related to any standard distribution) and type VI (beta prime).
The positions of all 36 events in the 81 — (2 plane are shown in Fig. 3.

Most of the events are close to normal distribution, which is represented by the
point (81, 52) = (0,3). To see whether they are really different from a normal dis-
tribution, i.e. if the point (0,3) lies within the uncertainty limits of the events, we
used two methods to evaluate the error-bars in $; and (B2: a Monte Carlo simulation
and a method of moments proposed by Karl Pearson (1895). Error bars shown in
Fig. 3 are calculated by the method of moments. It is found that the point (0,3)
belongs to only four of the uncertainty ellipses (blue points). Out of 36 events, 32
have no intersection with the normal distribution point, opposite to the predictions
of the SGT.
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Figure 3. Beta plane. Out of the 36 events: 28 belong to Pearson’s type I, 1 to type
VI and 7 to type IV probability distribution.

4. CONCLUSIONS

We have examined 36 time intervals containing intense locally formed Langmuir
waves that are associated with type III radio bursts. We have shown that the prob-
ability distributions of the power of these waves belong to three different types of
Pearson’s probability distributions: type I, type IV and type VI. The goodness of
the fits test (e.g. x?) shows that the Pearson’s probability distributions fit the data
better than Gaussian ones for all of the considered events. This is in contradiction
with the SGT which predicts Log-normal distributions for the power of the Langmuir
waves. The uncertainty analysis of 31 and (s parameters also goes in favor of the use
of Pearson’s system of distributions to fit the data.

This result indicates that the SGT possibly requires additional verifications and
examinations.
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Abstract. The secular plate drift at observatory Plana in North direction is determined by
means of astrometrical latitude observations from zenith tube Zeiss 135/1750. The latitude
variations due to the polar motion are determined from the solution C04 of the IERS for
the pole coordinates. The time series of the mean latitude variations and mean polar
changes of the latitude are determined by averaging in running 6-year window. The mean
nonpolar latitude variations are determined as difference between these time series. The
secular plate drift in North direction is estimated by the linear trend of the mean nonpolar
latitude variations. The results are compared with the values from GPS measurements,
provided by a permanent station, located nearby the observatory Plana.

1. INTRODUCTION

The geodynamical phenomena, related to the variations of the Earth shape,
rotation and gravity field, are complex and often nonpredictable -effects,
determined by the structure and dynamical properties of the Earth. These
phenomena are of special interest to the geosciencies, and particular to the
geodynamics, the geophysics and the geodesy. These geophenomena are so
complex, that it universal investigation is possibly only on the base of the
utilization of various methods of observations. Such methods are the classical
astronomical geodetic methods of determination of astronomical time - geographic
longitude and geographic latitude. The latitude observations are connected directly
to the vertical in the observation station, and due to it’s high precision and long
duration can be used to investigation of the permanent changes of the vertical in
time.

The nonpolar latitude changes are connected to the changes of position of the
vertical at the observation station. The last changes are within the nonpolar
changes of the geographic latitude at the point, and that is the reason to derive the
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changes of the vertical from the latitude changes. Thus, investigation and
determination of the nontidal changes of the vertical at a given point of earth
surface is connected to investigation and determination of the changes of the
geographic latitude of the observation station.

A part of nontidal changes of the vertical can be provoked by the deformations
and motions of the earth plates. The nonpolar changes of the geographic latitude
can be used as indicator of the horizontal and vertical changes at the observation
station and for investigation of the local gravity field variations.

2. LATITUDE VARIATIONS AT OBSERVATORY PLANA
AND ITS HOMOGENEITY

The latitude observation by zenith telescope Zeiss 1750/135 at observatory
Plana are provided permanently since 1987.5. More than 20 000 observations of
72 star pairs in 12 groups are available (Fig. 1). For processing of the latitude
observations and investigation of the oscillations of the vertical in the Central
Laboratory for Geodesy are developed several methods for determination of some
instrumental constants and specific systematic errors (Darakchiev and Chapanov,
2003; Chapanov and Darakchiev, 2005).
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Figure 1. Smoothed time series of the latitude variations at observatory Plana,
determined from observations with zenith telescope Zeiss 135/1750 and the polar
latitude changes, determined from solution C04 of the IERS for the pole
coordinates.

The nonpolar latitude changes are determined as differences between the
observed latitude values and polar latitude variations, computed by the solution
C04 for pole coordinates of the International Earth Rotation Service (IERS). The
time series of the nonpolar latitude change are determined by normal points at
0.05a (Fig.2). The normal points are computed by means of the robust Danish
method (Kubik, 1982; Juhl, 1984; Kegel, 1987). This method allows to detect and
isolate outliers and to obtain very accurate and reliable solution for the nonpolar
latitude changes and the oscillations of the local vertical in the meridian plane.
The smoothed time series of the latitude variations at observatory Plana and the
polar latitude changes, determined from solution C04 of the IERS for the pole
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coordinates are shown in Fig. 1. The comparison between the curves points out
excellent agreement of the amplitudes and phases of the annual and Chandler
oscillations due to the polar motion. Visible disturbances of Plana latitude
variations after 1999 are due to the oscillations of the vertical, dominated by 3-
year oscillations (Fig. 2).
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Figure 2. Interannual (with solid line) and long-term (with dashed line) variations
of the vertical in observatory Plana and disaster earthquakes in Turkey in 1999 and
Sumatra in 2004. The interannual curve is composed by oscillations with periods
below 3.5a. The long-term curve is determined by running average in 1-year
window.

The interannual oscillations of the vertical at observatory Plana consist of 3.5-
year and 5.5-year cycles. The 5.5-year cycles are visible till 1997 and 3.5-year
cycles — after that. Correlation relationships between 3.5-year oscillations of the
vertical at observatory Plana and disaster earthquakes in Turkey in 1999 and
Sumatra in 2004 exist (Chapanov and Darakchiev, 2008). These earthquakes
occurred after the end of the 3.5-year cycles of the local gravity, so they are
probably connected with some strong geodynamical disturbances after 1999.
These geodynamical events disturbs interannual oscillations of the gravity and it
long-term behavior. We determine the long-term behavior of the local gravity and
corresponding trends of the variations of the vertical by means of Vondrak-
Whitaker filtration (Vondrdk, 1969, 1977) of the latitude variations of Plana
observatory and polar variations of Plana latitude determined with different
smoothing factors (¢=0.01, 0.1, 1.0, Figures 3-5). The difference between the
filtered time series of the variations of Plana observatory and polar variations of
Plana latitude is positive for the first part of the observed time span and negative
for the second part. The positive values of the nonpolar latitude variations at Plana
observatory occurred before 1999.7 — 2001.4, so the quite period of vertical
oscillations is approximately before 2001.5 and disturbed period, due to
significant 3-year gravity oscillations — after 2001.5. According this, the trend of
the vertical changes at observatory Plana for the period 1987.5-2001.5 represents
the secular plate drift in North direction, while the vertical changes after 2001 are
dominated by strong geodynamical disturbances.
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Figure 3. Vondrak-Whitaker filtration of the latitude variations of Plana

observatory and polar variations of Plana latitude determined with smoothing

factor €=0.01. The nonpolar latitude changes are positive before 1999.6 and
dominating negative after.
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Figure 4. Vondrak-Whitaker filtration of the latitude variations of Plana
observatory and polar variations of Plana latitude determined with smoothing

factor €=0.1. The nonpolar latitude changes are positive before 2000.4 and
dominating negative after.
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Figure 5. Vondrdk-Whitaker filtration of the latitude wvariations of Plana
observatory and polar variations of Plana latitude determined with smoothing
factor €=1.0. The nonpolar latitude changes are positive before 2001.3 and
dominating negative after.
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3. IMPROVED METHOD OF 6-YEAR AVERAGING

The method is similar to the method for determination of the polar motion
components (Chapanov, 2004). The first step of the method includes solving the
system

dx | < . . S .. .
X=X, +d—t + Zayi sinio, t+b,; cosio t+ Zaci siniot+b, cosimt, (1)

i=1 i=1

for the following unknowns — the mean coordinates of the current six-year span
X,, the velocities of the linear trend df(/ dt, the harmonic coefficients of the

A

seasonal component éyi, b
b
the coordinates x from the current six-year span.

The initial values of the seasonal (annual) frequency myo and Chandler
frequency o’ are determined by

yio 1=1,...,n and the harmonic coefficients of the

Chandler component a j=1,...,m. The observations for the first step are

cj® ey

27 27
0 _ 0 _ 0 0 _ 0 _
Iy =365.2422d, T, —1.2ly, O, =—75, O, =—,

y
where Ty0 and T. are the initial values of the annual and Chandler periods. The
estimates are obtained from (1) by the Least-squares method. In the second step
the unknowns from the first step are improved and corrections of the seasonal and
Chandler periods are determined. The coordinates x° are computed by (1) with aid
of the observation time and the obtained estimates. The linear system is solved

)

n
c _ . . -0 -0
X —X° =0x, +Oxt+ E da; sinim t+38b; cosim t

i=1
+2 it(TO)f2 ST* (b, sinio’t—4. cosio’t
T y y yi y yi y (3)
+Z da, sinio’t+8b_ cosimlt
i=1
. 0\ 72 epx (1 wi s 0, A -0
+2mt(TC ) oT,; (bCi sinio t—a cosm)ct) ,
for unknowns 8xy, 0X, dayi, dby;, i=1,..., n; dag, db, j=1,..., m, which are the
corrections of the estimates from the first step; 8T,", 8T, are the corrections of the
annual and Chandler periods for the coordinate x; and 8T,’, 8T, - for the

coordinate y of the pole. Next iterations with the corrected values of the unknowns
can be made, if it is necessary.

355



YAVOR CHAPANOV and TZVETAN DARAKCHIEV

4. MEAN VARIATIONS OF THE LATITUDE AT OBSERVATORY
PLANA.

The mean variations of the latitude and polar latitude of observatory Plana are

determined by the improved method of 6-year averaging (Fig.6 - 7).
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Figure 6. Mean latitude variations determined by the improved method of 6-year

averaging. The rms errors are below Smas.
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Figure 7. Mean polar latitude variations, determined by the improved method of
6-year averaging. The rms errors are below 3mas.

5. LINEAR TREND OF THE MEAN VARIATIONS OF THE
VERTICAL IN NORTH DIRECTION

The linear trend of the mean variations of the vertical in North direction at
observatory Plana are determined as a difference between the time series of the
latitude and polar latitude variations (Fig.8). The secular plate drift in North
direction is estimated by the linear trend from the Fig.8. This estimate is compared
with the result obtained by the GPS data for the period 1997.5-2009 from station

Sofi, located near the observatory Plana (Fig.9, Tablel).
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Figure 8. Mean variations of the vertical in North direction at observatory Plana.

The linear trend is an estimate of the secular plate drift in North direction.

Table 1: Estimates of the secular plate drift in North direction, determined by
latitude and GPS data.

Linear trend of the Secular plate drift
vertical [mmy/a]
[mas/a]
ZT Plana +0.39 +0.09 +11.6 2.8
GPS Sofi +11.97 £0.01
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Figure 9. The time series of variations in North direction of the GPS station Sofia,
located nearest to observatory Plana.

6. CONCLUSIONS

The trend of the vertical changes at observatory Plana for the period 1987.5-
2001.5 represents the secular plate drift in North direction, while the vertical
changes after 2001 are dominated by strong geodynamical disturbances.

The secular plate drift in North direction, determined by linear trend to the
mean non-polar latitude observation at observatory Plana for the period 1987.5-
2001.5, is +11.6 £2.8mm/a, which is with excellent agreement with the value of
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+11.97 £0.01mm/a, determined by GPS measurements for the period 1997.5-2009
from station Sofi, located near the Sofia.
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THE INASAN ZVENIGOROD OBSERVATORY PLATE
COLLECTION
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NATALIA V. CHUPINA, VALERY P. OSIPENKO

Institute of Astronomy of the Russian Academy of Sciences,
48 Pyatnitskaya Str.,119017, Moscow, Russia
E-mail: svv@inasan.ru

Abstract. Description of the astronomical wide-field plate- and film-collection of the
Zvenigorod Observatory of the Institute of Astronomy of the Russian Academy of
Sciences is presented. The archives of the collection are the result of photographic
observations conducted for more than thirty years from 1972 to 2005. They included:

1) photographic plates obtained with the 40 cm Carl Zeiss astrograph (the half of the plates
are included in the Sofia WFPDB). The plates are now in process of digitization in FITS-
formats, 700 MB each scan. Two EPSON 1640XL scanners are used. The observational
programs include the FON photographic north sky survey, small bodies in the Solar
system - asteroids and comets;

2) film archive from the AFU-75 camera;

3) archive of artificial satellites monitoring observations with wide-field camera VAU.

1. INTRODUCTION

In 1958 near Zvenigorod (in Moscow region) the experimental station of
Astronomical Council of the USSR Academy of Sciences (nowadays the
Zvenigorod Observatory) was created with the order of the Presidium of the
Academy of Sciences of the USSR. Throughout many years it was the main
scientific base for working out of new techniques, equipment and observers for the
Earth artificial satellites observations. Later on traditional telescopes for
observations of common astronomical objects: stars, planets, comets and asteroids,
were installed too.

We describe the astronomical wide-field plate- and film-collection of the
Zvenigorod Observatory of the Institute of Astronomy of the Russian Academy of
Sciences, as well as the digitization projects.
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2. AVAILABLE ARCHIVES OF THE ZVENIGOROD OBSERVATORY

The plate archives are results of the photographic observations carried out at
the Zvenigirod Observatory for more than thirty years from 1972-2005. The
parameters of the instruments and characteristics of the archives are presented in
Table 1.

Brief information on archives is given below:

1) Photographic plates taken with the 40 cm Carl Zeiss astrograph, totally
about 4500 plates, plate size is 30x30 cm. For the majority of the plates the used
exposures allow stars up to 16.5 magnitudes to be well visible. The half of the
plates is included into the Sofia WFPDB (Tsvetkov, 2006). The plates are in
process of digitization in FITS-format, each scan has size of 700 MB. Two
EPSON 1640XL scanners are used.

Table 1: Plate collections and the used instrument parameters of the Zvenigorod
Observatory.

D F Field Plate/film Plate
Instrument . Years
cm cm | deg size, cm number
Astrograph | 5 | 505 | gxg | 30x30 | 1972-2005 | 4500
Zeiss-400
AFU 212 | 736 | 10X | 20x14 | 1973-1985 | 2800
camera 15
VAU 107 | 70 | 2% | 6x36 | 1971-2005 | 10000
camera 30

2) AFU-75 camera with about 2800 films. All films are obtained during the
satellites observations. The film is displaced during the exposure with speed of
movement of the satellite, but with periodic stops through 3 or 6 mm. The full
image of a star represents a chain from 13 or 7 images with 1 arcsec exposures.
Usually limiting magnitude was 8 magnitudes. This archive is catalogued. It
scanning is not provided.

3) Monitoring observations with very wide-field 107 cm VAU camera. On the
whole field the images are not distorted by aberrations due to the location of the
film on a spherical focal surface. The archive has nearly 10000 films. It is not
catalogued. The scanning is not supposed.

4) FZT photographic plates — the geodynamics observations were carried out
in 1980. The catalogue of stars of the Moscow zenith zone is a result of these
observations. It has been decided to keep only the archive.
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Figure 1. The Zvenigorod Figure 2. The camera VAU
astrograph Carl Zeiss-400.

Figure 4. Picture of Hale-Bopp comet taken in the beginning of April 1997 with a
length of a tail of 15 degrees, the observer is N.S.Bahtigaraev (left); The
Andromeda galaxy (in the middle) and h and hi Persei open cluster (right)
received by the astrograph.

! Nauchnye Informacii Astrosoveta, Moscow, 1986, 60, 84.
2 Zvenigorod Observatory Instruments (http://www.inasan.ru/rus/zvenigorod/instr.html).
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3. DIGITIZATION OF THE PHOTOGRAPHIC PLATES

The basic result from the plate digitization will be a digital plate archive
including about 4000 scans of the plates received by the astrograph.

The image archive structure includes:

1. Scans in FITS-format, approximately 700Mb each one as a main part of the
digital arcive;

2. Preview scans archive with images in JPG and TIF file formats with the size
of 3MB and 600MB correspondingly;

3. Original page scans of the observational logs in JPG and TIF file formats;

4. Catalogue of the plates in the WFPDB format (in ASCII file format given in
http://cdsarc.u-strasbg.fr/viz-bin/Cat?V1/90).

The equipment for the project includes the two EPSON EXPRESSION 1640
XL scanners with the scanning parameters given in Table 2. The scanning plate
was put with the emulsion downwards on the glass plane of the scanner.

Table 2: Scanning parameters

Parameter Work scan | Small preview | Large preview
Image Type: 16-bit Grey | 24-bit color 24-Dit color
Resolution 1600 dpi 300 dpi 1200 dpi
Format of the image fits ipg tiff

Scale 100%

Document Type Transparency

Film Type Positive film

Trimming Off

Auto Exposure On

The accuracy of the coordinate measurements was checked in the Byurakan
observatory. For Schmidt plates the root-mean-square deviation is equal of 0.33
arcsec. The photometric scan accuracy is 0.14mag (Nesci et al., 2003).
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COMPUTER MODELS FOR SKY IMAGE ANALYSIS OF THE
INASAN ZVENIGOROD OBSERVATORY

SERGEI PIROGOV
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Abstract. The information systems including archives of digital copies of the Astrograph
plate collection obtained in the Zvenigorod Observatory of the Institute of Astronomy,
RAS, and means for access to those copies are developed. There are possibilities to have a
look at preview photos in JPG, to view any part of the image from the primary file in FITS
format with the ability to save and print the fragment. A remote access system is
implemented on cross-platform SQL Server FireBird v.2.1.

1. INTRODUCTION

The Zvenigorod Astrograph plate collection includes more than 4.5 thousand
plates. At the present time digitized plate records in FITS file format by mean of
EPSON 1640 XL scanner are produced (for more information see in Chupina and
Vereshchagin; Tsvetkov, 2005).

The need for automated processing of plates, digitized in FITS format and the
necessary plate information is long overdue.

In this report we present the preliminary results from the attempt to transfer
FITS format into the database and create software to obtain the necessary
information from the database. This software should work both for the user
located on the territory of the observatory (LAN), as well as outside the territory
(WEB).

2. THE TASK OF CONSTRUCTING MODELS
The task of constructing models is to create a user-friendly software interface

for viewing, copying and analyzing archival photographs of the sky.
The main properties software interface includes:
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1. Viewing files of low resolution scans in JPG format with the provision of
information about the time of the observations, the coordinates of the center of the
plate, etc.

2. Saving an external file and printing information.

3. Viewing any part of the scan with high resolution in BMP format providing
information on the time of observations coordinates of the center of the plate, and
information about the objects file (list of stars with known parameters, including
name of stars and other important parameters). The query to the database can be
used for variety of user’s tasks: for example, to select plates for a certain star, to
show the image of this star with the ability to print and copy it, and so on.

This problem is actually not trivial and requires a systematic approach. For
example: as the program shell is created, then it should be provided to convert
FITS format to BMP format — as the average size of the FITS file is 700 MB.
Because of the need to obtain various information, this information should be
stored in a database. It is necessary to select the appropriate database server, and,
therefore, have the necessary means to access the server. Below is a list sequence
of items that should have been resolved.

2.1. Development of a database

FireBird v.2.1. was chosen for the database SQL-server. It has the following
advantages:
Cross-platform;
It consumes very little system resources;
SQL dialect is strongly developed,;
There are powerful tools for administration and development;
Free.

2.2. Choice of software

A high-level language DELPHI was chosen to develop software shell. The
main advantages are: fast speed of development, large selection of visual
components for both the choice of the user interface and access to SQL server,
object-oriented programming.

2.3. Development of control programs

This is the main and most time-consuming process of constructing the model.
This item includes both the development of test programs and program
development for the end user. To work with the files was necessary to develop
several testing programs for the following tasks:

- Choice of coordinates of the center of the star and the image area:

1. Working with the file: Image of the file, copying and saving.

2. Analysis of error coordinates transformation of the plate in the stellar
coordinates.
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3. Analysis of errors converting the image area in magnitudes.

4. Automatic data processing and recording the basic parameters of the file in
the database.
- User program:

1. To develop a program to view the database (local version) - available only to
users connected to the LAN.

2. To develop a program to convert FITS in JPEG, including sample
information from FITS, in view of transfer to a remote server.

3. Development of a selection of FITS without loss of resolution.

4. Development of queries in a database for retrieval of information, taking into
accounts the transfer to a remote server.

3. THE MAIN RESULTS OBTAINED

ZVND40 00061 4.jpg "
ZVND40 000515 jpg

ZVND40 00016 jpg

ZYND40 DDDE17.jog
ZWN0A0 D006 8, jpa
ZVND40 000519 jpg : .

ZVND40 000620 jpg i S

ZVND40 00021 jpg s

ZVND40 000522, jpg

ZVND40 00052 jpg e Sl
ZVND40 000624 jpg o A B
ZVND40 000525 jpg b
ZVND40 000526 jpg
ZVND40 00027 jpg
ZVND40 000528, jpg
ZVND40 000529 jog
ZVND40 000530 jpg
ZVND40 000631 jog
ZVND40 000532 jpg
ZVND40 000533 jpg
ZVND40 000534, jpg

Figure 1. View of the list of files with low resolution.
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Figure 2. Selected FITS file and received information from the database.

Figure 3. Distortion is the true spatial distribution of brightness caused by the
nonlinearity of the transformation of FITS to BMP.

In Fig. 1 a list of plates that were converted to low-resolution preview files is
shown. Information about files can be found in the database, as well as in
(Tsvetkov, 2005).

Fig. 2 shows the process of selecting the necessary information on file 00577
(plate ZVNO40 00,577). For this plate in the database there is a list of objects
(stars, etc.) and information on each object. For example, an object with a unique
code in the database 28401 is marked with a cross. This means that it is identified
from the listed catalogs. This object is shown with arrow in Fig. 2 (bmp-format
700x700 pixel).
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4. CONCLUSIONS

The work on this project continues today. Several problems have to be solved,
namely:
- Getting the distribution volume of the brightness of the objects;
- Connection of the objects in the database with the catalogs of stars (Name of
star, and so on).

After solving these problems the solution given in the paragraph 1 «The task of
constructing models» seems a trivial task.

The author would be pleased to accept criticisms and suggestions for the
development of this project.

It should be noted that the algorithms to automate the processing of plates of
the Zvenigorod observatory are also applicable to other plates transferred to FITS-
format.
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LOW STATE OF KR AURIGAE (2008 — 2010)

SVETLANA BOEVA, RUMEN BACHEV, ALEKSANDER ANTOV,
SVETLA TSVETKOVA, KIRIL A. STOYANOV

Institute of Astronomy, Bulgarian Academy of Sciences,
72 Tsarigradsko Shosse Blvd. 1784 Sofia, Bulgaria
E-mail: shoeva@astro.bas.bg

Abstract. We report data from the present deep minimum of cataclysmic variable KR
Aur, lasted more than 2 years. We present multicolor (UBV) simultaneous light curves
obtained with the telescopes available at NAO Rozhen and AO Belogradchik. We detected
strong flickering activity in the faint state during all observations.

1. INTRODUCTION

KR Aur is well known cataclysmic variable star, discovered by M. Popova in
1960 (Popova, 1960). It is interacting binary system, consisting of a white dwarf
and a secondary red dwarf with orbital period 3.907 hour (Shafter, 1983). This
object is classified as anti-dwarf novae or VY Scl type star: usually the brightness
of KR Aur is about 13 mag (with variations of 1 mag), but occasionally mass
transfer from the late-type star to the white dwarf fades and magnitude drops to
15-16 mag (intermediate state) or rarely to 18 -19 mag (low state). The previous
minimum of KR Aur was too long and too deep: it continued from 1994 (Antov et
al., 1996) to 2001 (Boeva et al., 2006). The behavior of its light-curve was very
unsteady: the brightness varied between intermediate and weak values. In 2008
started another one deep state of KR Aur. Our data are from this new minimum
lasting until now.

2. OBSERVATIONS
The observational data is received with the following telescopes at NAO-
Rozhen and AO-Belogradchik:

e 2m reflector with optical system Ritchey-Chretien-Coude at NAO-Rozhen
with corresponding equipment:
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1. A dual channel focal reducer FoReRo2 (Jockers et al., 2000)
with a CCD camera Photometrics (1024x1024) for the blue channel and a camera
VersArray (512x512) for the red channel.

2. A CCD camera VersArray 1300B — 1340x1300, px size 20 um at the
direct telescope’s focus.

e  50/70 Schmidt telescope at NAO-Rozhen with a CCD camera SBIG STL-
11000M, 4008x2672 px, 9 um and FLI PL 16803, 4096x4096 px, 9 pm.

e 60 cm telescope Cassegrain at NAO- Rozhen with FLI PL 9000,
3056x3056 px, 12um.

e 60 cm telescope Cassegrain at AO-Belogradchik with CCD cameras SBIG
ST8, 510x340px, 27 um and FLI PL 9000, 3056x3056 px, 12um.

We present observations from 24 nights in the period from January 5, 2008 to
April 4, 2010. We obtained estimates of the brightness of KR Aur in V band as
well as light curves in one or more bands lasted from 1 to 6 hours.

3. RESULTS AND DISCUSSIONS

Fig. 1 shows the long-term light curve of KR Aur between January 2008 (when
the system was in high state) and April 2010 in V- filter.

20 L 1 L 1 L 1 L 1 L
2454400 2454600 2454800 2455000 2455200 2455400

HJD

Figure 1. The light curve of KR Aur in V from January 2008 to April 2010.
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In March - April 2008 we registered a decrease of the brightness — V
magnitude was about 15. The V magnitude dropped down in the next month when
the variable was not visible for observations. In October KR Aur was in low state
with a typical magnitude 18-19. In January 2009 we registered a weak increase in
the brightness up to 17 mag and until now we obtained VV magnitudes in the range
18-19 mag with strong fast changes.

Fig. 2 presents the short-term variations (flickering) in April 2008. It is about
1 hour lasting light curve with brightness variations of about 0.5 mag in V band.

In Fig. 3 and Fig.4 we present UBV simultaneous observations obtained with 2
telescopes — 2 m at NAO Rozhen using dual channel focal reducer FoReRo2 for U
and V bands and 50/70 cm Schmidt telescope at NAO-Rozhen for B band. The
behavior of the brightness in these 3 different bands is similar with flickering
amplitudes for U of about 1.5 and 0.9 mag respectively for January 20, 2009 and
February 26, 2009, for B — 1.3 and 0.6 mag, and for V — 1.3 and 0.7 mag. The
color indices are U-B ~ 1.0, B-V ~ 0.0. According to our observations the
flickering activity of KR Aur never stopped completely as it has been observed for
the similar variable MV Lyr (Robinson et al., 1981 and our observations) at low
state. Thus KR Aur seems to be one of most active members of VY Scl sub-class
variables.

KR Aur is unique object because only for these two VY Scl stars have been
observed deep minima with duration of years. Additional observations of this
variable are necessary to study the rare deep states.

148 ————————————————————

14.9 -

15.3 1 L 1 L 1 L 1 L 1 L 1 L 1
19:22:48 19:34:22 19:45:57 19:57:31 20:09:06

JD 2454564

Figure 2. The fast variations of KR Aur on April 7, 2008 when the brightness
decrease (intermediate state).
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Figure 3. The simultaneous 3:15 hours lasting observations of KR Aur on January
20, 2009 in UBV.
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Figure 4. The simultaneous about 6 hours lasting observations of KR Aur on
February 26, 2009 in UBV.
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STRUCTURE OF ACCRETION DISK IN THE PRESENCE OF
MAGNETIC FIELD
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Abstract. This paper presents our results on the problem of the evolution of the disc. We
investigate the development of accretion flow in its interaction with the magnetic field. We
analyze the restructuring of the flow under the action of the ongoing processes and activity
of instabilities. We consider distribution of entropy and locally heating and how it is tied to
the emergence of a crown. We discuss influence of the magnetic fields over viscosity
parameter. We investigate distribution coefficients k, (r, z) and o (r, z) and connection
with behavior of wave numbers k, (K), k; (K) and o (K).

1. INTRODUCTION

Accretion processes effective converts mass of a substance into energy. This
energy is transformed into radiation and emitted by the disc surfaces. Such objects
can process up to 50% of rest mass of matter into energy. They are learned
especially actual in the world because they are powerful energy sources in outer
space. Accretion discs are among the most widely used objects in the universe, not
only in time and space, but also in evolutionary terms. As an example, the quasars
are objects with large red displacement and most of them belong to the early
universe. On the other hand accretion discs present in almost all stages of
evolution of stars and their subsystems- from protostellar, proto-planetary discs
through relatively cold discs residues, asteroid belts and rings of planets to
accretion discs of compact objects in the ended life of the stars.

In the accretion discs various instabilities and structures are developing, that
govern the distribution of energy there. They are expressing into huge numbers of
non-stationary phenomena that we observe.

Accretion is qualitatively and quantitatively more effective when the picture
include the presence of a magnetic field. In the processes of interaction are formed
three main streams: disk corona and jet (Balbus and Hawley, 1998), which are
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genetically related. Each of these mega-structures has its own energetic, which is
part of the total, but some objects may be autonomous subsystem.

For us here is the important role of the principal components - Accretion disk
because the process of its evolution to create the conditions for the emergence of
other major components of the system. This article will trace in the evolution of
the disc, the reasons the birth of its corona. We would like to find out how the
interactions of plasma flow and magnetic field in the disc, allowing for the
development of a crown.

2. BASIC EQUATIONS
We investigate the basic equations of magneto-hydrodynamics for non-

stationary and non-axis-symmetrical accretion flows. We construct model of the
disc:

op

—+V.(pv)=0

= (pv)

ﬂ+v.Vv:—in—VeZH(i.V)B+19V2v oM

ot p 4mp r-r,
2

§:VX(VXB)+7’]VZB =c

ot 4 o

oS M oS N
pTE_%TE_Q =0 +0.,
P=D,+ P, + Py

It is one-temperature, geometric thin, optical thick Keplerian disc with
advection in the normal magnetic field. The fluid is incompressible the disc is
without self-gravitation. Different instabilities create the irregular periodicities in
changeability of material features, which should not be neglect and can be used.
Where ry= 10"R,, Fj) are the values of the outer edge of the disc.

F=FR(x=r/r,,Z= ury Jexplk,(x, Z)p + o(x,2)t] = F fi(x,Z)

The coefficient w(r, z) indicates how often the flow deflects, because of
meeting structure or a spontaneous disturbance on its way. The coefficient &, (7, z)
is sinus of the central angle (in radians) between such disturbances of one orbit.
We are called w(7, z) and k,(r, z) meeting coefficients. Chose of periodic function
is not random. It is prompted by analogy with the Poisson distribution in statistics,
for encounter the flow with structure or spontaneous disturbance and is associated
to the advective nature of the disc. In this way accepting periodicities by t and ¢
are dependable on the distance from the centre r and height on the equatorial plane
z. Such presenting allows keeping non-obvious dependence of leading parameters
by time and angle, searching solution only according variables x and Z.
Coefficients presents feedback (not-obvious) between flow characteristics and its
instabilities, which exist as shown (Balbus and Hawley, 1998) (they do not define
it).
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Registered in the 2D-solution rings with higher density are short living
formations with constant entropy in time and they can be considered locally. It
could be assumed in first approximation that angular momentum, sonic and
magneto-sonic velocities of such ring are constant. Basic equations are averaged
by z. We bring in the physical quantity: local warming with which can express the
three wave numbers and we obtained the local dependence of instabilities from
warming — wave numbers depending on the disc features. Now is necessary to
include global distributions of the flow characteristics, to show dependencies
o(K), ko(K) and k«(K) in fixed orbit. Also we obtained the distribution of the
average local warming on the disc (feeding up of instabilities) (Yankova and
Filipov, 2003).

K .et06
1001 K(x) 14} | K
80
60 !
40 0.6
20
02
0 02 04, 06 08 "1

X 0 02 04 x 06 0.8 1

Figure 1. Distribution of average local heating in the disc at the moment t ~
1P, in small (a) and large increases (b).

3. RESULTS

The results obtained from (Yankova and Filipov, 2003) local solution shown
disc as a self-structuring system. Describe the influence of magnetic viscosity over
the full vertical structure and advection as a precondition to reorder the disk.

Here are shown the results of two real objects:

100 5000
4000
60 3000
2000
1000
20 X
0.001 X 0.002 0 0.2 0.4 0.6 0.8 1
Figure 2a. Distribution of the Distribution of the dimensionless
dimensionless gradient function of gradient function of entropy in the disc
entropy in the disc for t = 1P. fort=0.
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Figure 2b. Maximum at Minimum at x ~ 0.16 (160R,).

x~0.65(650R,).

In Fig. 2 we see the distributions of the Cyg X-1 have weak negative gradient
of entropy in the range x ~ 0.16 + 0.65, from which it follows that a significant
proportion of the energy remains in the disk and supplies instability. Its local disk
warming (Fig. 3) reflects the areas in which the disk cools efficiently (x> 0.2) or
low (x <0.2).

10 1
0.5
0 \
02 04 06 |08 1
-0.5 X
0
02 04, 06 08 1

-1

Figure 3. Distribution of the function of local warming K (x) when t = 1P~ Q™.
Disturbance of the inflow reaches ~ 731-732R,,

Distribution K (x) of SgrA* (Figure 4) can be concluded that almost all disk is
cooling successfully on behalf of advection and increase the amount of instability.
This has all the wave numbers decreased with increased warming in the ring (we
showed it in), which strengthens the argument for the belief that this disc MRI
increased size. Number born instability essentially is not reduced, decreasing the
number of existing item k in time. For mutual growth, they are swallowed. So fall
o (K).
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10 1
0 i
02 04 ' 06 08 1
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0 0.04 0.08 1
X

Figure 4. Distribution of the function Disturbance in the spiral reaches ~
of local warming to the point of inflow 50R, the disk and is even less than Cyg

(9o = 0) when t=1P~Q™". X-1.
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Figure 5a. Distribution of the dimensionless gradient function of entropy in the
disc for t=1P~Q™".

Maximum at X ~ 0.44 +~ 0.45 (44 + No minimum.

45R,)
5c+16 1000
0 0.01 X 0.02 0 02 x 06 1

Figure 5b. Distribution of the dimensionless gradient function of entropy in the
disc for t = 0.
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4. DISCUSSION

With a sufficiently weak magnetic field members of turbulent viscosity in the
disk as a result of SFI + MRI, both factors leading to linear instability can be
ignored: 1) in the kinetic viscosity the relay criterion is met because on the disc for
a smooth profile Q(r); 2) in a differential system with a rotating magnetic field
always leads to displacement dynamo, but not to the dynamo action. After an
initial increase magnetic energy decreases due to dissipation of the field and the
dynamo establish in state, where only offset losses. Oscillating field is obtained if
o is negative in one hemisphere, than the energy transferring periodically from
toroidal to radial component of the field and vice versa. While the dynamo number
D < D, (as for D > 0 there is stability, but for D < 0 — oscillation) and D = D,,.
That is reason for self-excitation dynamo and MRI appearing. Thay works for a
small scale, when there is no stratification and for a big one, when there vy, < vs.
The negative a-effect is caused by the fluctuations of v,, which control the
magnetic buoyancy due to shifting. If shifting in the disc is negative, the buoyancy
dominates and the a-effect is negative, however, the advection leads to a positive
a-effect. Consequently, the effect changes its sign for small shifting (weak field).
The negative a-effect could generate a dipole field. 3D-simulations indicate that
MRI could support such field even in a global model (Brandenburg and
Subramanian, 2004).

Then the disc non-linear effects provide reallocation of the energy, the field
and the angular moment. Coefficient o, = o + o

Vt2 + Vrzns <VrV(p> 2 <brb(p>
at:—z a:—ZNVtTt amz—
\% \% 4mpv?

s , Wwhere s and

Most energy has found itself in long wave modes; the main transport of
moment also comes from them. MRI is fast growing. Non-linear saturation is the
increasing range of their modes (Ex and E,, are increasing exponentially). The
growing strongly depends on the configuration of main field. From toroidal field
where they are missing to vertical - uniform where are best expressed while v,< v,.
Approximation of the main field in our case strongly recalls the last. For the
vertical field (may be not uniform), the asymmetric MR- mode grows the fastest.
Saturation from reconnection and dissipation of magnetic field created a powerful
magnetic pressure, which with the help of the instabilities of Parker and RTI is
transporting and formed strongly magnetize corona. This preserves the
equilibrium of energies E, ~ Ey in the disk and magnetic field cannot inhibit
rotation effects and to quench magnet-rotation instability (Brandenburg and
Subramanian, 2004).'

! Biskamp D., MHD Turbulence, Cambridge University Press.
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Reconnections of the magnetic lines are reducing and the distance between the
loops increases, so the surplus magnetic energy is released in the new
configuration. Back in the presence of negative entropy gradient (figures 2 and 5)
of creating conditions for increased instability in energy absorption. Stabilize them
as structures and leads to a new disk (using an irreversible transition) state.

As shown in (Yankova, 2009) the coefficients of meeting correlate to the wave
numbers of the local model, but in the outer regions there is no mechanism to
distinguish functions. In inland areas, the prohibiting the existence of MRI
distinguishes them quite clearly and could see the functions separately. The same
is shown here, but for each object (figures 6+10). This is a convenient indicator to
assess what is happening. Finally, as shown and referred to summarize the results
may predict that MRI leave internal regions of the disk before they are ruined, as
entities.
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Figure 6. Contours x(K) for Contours k(K) for x~const. SgrA*
x~const. Cyg X-1
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Figure 7. Contours k,(K) for Contours k(K) for x~const. SgrA*

x~const. Cyg X-1
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Figure 8. Contours o(K) for
x~const. Cyg X-1
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Figure 9. f;(x, Z) — dimensionless
function of distribution coefficient ®
(r, z) for Cyg X-1 at the moment ¢ =
1P~y
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Figure 10. fy(x, Z) — dimensionless
function of distribution coefficient k(r,
z) for Cyg X-1 at the moment t = 1P.

60

 ——

50\
"y,

40 0,04

0,05
30 \-..__
20 -.—--0’.1
ey,

10 0,5
0 —
0 K

2 4

Contours o(K) for x~const. SgrA*

0.08

f;(x, Z) — dimensionless function of
distribution coefficient o (r, z) for
SgrA* at the moment t=
1P~Qy".
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fy(x, Z) — dimensionless function of
distribution coefficient ko(r, z) for
SgrA* at the moment t = 1P.
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