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SEARCH FOR OPTICAL VARIABILITY IN TWO SEYFERT GALAXIES

RUMEN BACHEYV and LUBA SLAVCHEVA-MIHOVA
Institute of Astronomy, 1784 Sofia, Bulgaria
E-mail: bachevr@astro.bas.bg

Abstract.. We started a program for optical VR.I. monitoring of variable Seyfert galaxies. First results for
two Seyfert 1 type objects - Mkn 335 and Mkn 315 - are presented here. We detected significant variability
in one of the objects - Mkn 335. Connections between variations in different spectral bands are found and
some conclusions about the nature of the Seyferts' optical variability are given.

1. OBSERVATIONS

All observations are performed with the 0.6 m reflector of the Observatory of Belogradchik,
Bulgaria, equipped with SBIG ST-8 CCD and Johnson-Cousins set of filters (Bachev et al.
1999). Aperture photometry with a diaphragm of 16 arcsec is performed using a code developed
at the Observatory (Bachev et al. 1999). As comparison stars we used relatively bright, non-
variable stars, close to the monitored objects. The VRJI. magnitudes of these stars were
calibrated via observations of standards (Bachev et al. 2000). The monitoring has covered a
period of about 3 years (1997 - 2000) and the objects have been observed in about 15 turns each.

2. LIGHT CURVES AND ANALYSIS

The V-band light curves of the monitored AGN are given in Fig.la and 1b. Although both
objects are reported to be variable, Mkn 315 did not show any significant variability exceeding
the measurement errors (about 0.02-0.03™) during the period of observation. Its brightness
remained almost constant (V=14.7). The second object - Mkn 335, however, showed variations
of about 0.3-0.4™ in V-band. No intra-night variability was detected in both objects.

& . Mkn 315 - V-band light curvq i Mkn 335 - V-band light curve l
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Fig. 1. Optical (V-band) behaviour of Mkn 315 and 33S.
During the greater part of the monitoring, Mkn 335 showed V-band magnitude of about

14.0 (Fig. 1b). There are also dips scen in the light curve, sometimes rather sharp (lasting just a
few days) as well as some signatures for flaring events. Unfortunately, the scarce sampling does
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not allow making any detailed analysis of the light curve. However, combining colour and
mtensity changes of this object some conclusions about the reasons of its variability could be
drawn. In Fig. 2 we present the relation between V-1 colour of Mkn 335 and its V magnitude.
This colour - brightness diagram implies that the main reason for the variability is probably that
one, causing decreases in brightness and leading to gradual colour changes (reddening). On the
other hand, R-I colour did not change significantly with brightness.

These observations give preference to  global
processes like optical reprocessing of variable X-ray
emssion {(Ulrich et al. 1997), accretion disk
instabilities (Kawaguchi et al. 1998), microlensing,
shadowing by outer matter (Chermi et al. 1999),
changes in accretion rate, etc. However, most of
these processes are inconsistent with the sharp dips
ol g B observed. The flaring event, however, has probably
e 15 different nature since it deviates significantly from
s e T L A JT brightness-colour dependence (Fig. 2). It could be
{ v cotour attributed to local events like stellar explosions
(Kawaguchi et al. 1998) or explosive processes in an

Fig. 2. Mkn 335 - "V - (V-I)" diagram. accretion disk.

L Mkn 335 - colour-brightness diagram I

1374

[ER0] o

3. DISCUSSION AND CONCLUSIONS

It is important to study optical continuum variability in radio-quiet AGN since the reasons for
their variability are uswally connected with the instabilities in the accretion flow feeding the
central massive black hole, rather than with the instabilities in relativistic jets, as in blazars case.
Hence, any knowledge about that variability could shed some light onto the accretion process
and the nature of the central engine. Two basic conclusions could be drawn from our study: 1)
Variability is not attributed to all Seyferts or at least the periods of continuum changes are often
followed by a guiescent periods. The processes responsible for these variations, therefore,
should not be based on the general principles of accretion or on the common properties of AGN.
i1} The strict relations between the colours and brightness imply a single reason inducing
variability of the continuum. Otherwise, in the case of many superimposed independent events,
each characterised by different physical properties, evolving on different time scales, such tight
relations could not be observed. In the case of Mka 335, a significant role in the optical
variability probably can play reprocessing, shadowing by outer clouds and explosive stellar or
accretion disk processes.

References

Bachev R. et al..: 1999, Bulgarian Journal of Physics, 26, No. 5/6, 1.

Bachev R., Strigachev A_, Dimitrov V.: 2000, to be published.

Cherni B., Abrassart A., Collin-Souftrin S., Dumont A.-M.: 1999, astro-ph/9911404.
Kawaguchi T., Mineshige S.: 1998, astro-ph/9811302.

Ulrich M.-H., Marashi L., Urry CM.: 1997, ARA&LA.



Publ. Astron. Obs. Belgrade No. 67 (2000), 5 - 8

UNIVERSALITY OF PLANETARY ACCRETION

A. BALAZ, A. BELIC and A. BOGOJEVIC

Institute of Physics
P. O. B. 57, Belgrade 11001, Yugoslavia

Abstract. A recently developed model of planetary formation {Balaz et al. 1999) allows a
detailed investigation of various properties of planetary systems. In this paper we focus on
the results regarding the spin of condensates, and show that the spin—mass relation obeys a
power law with universal exponents. The results of the model are compared with the Solar
system data, as well as with the binary star system data.

1. INTRODUCTION

There is a pressing need for the detailed modeling of the planetary accretion process.
This has become even more apparent in recent years due to a wealth of new data
regarding extrasolar planets (Marcy and Butler 1998). So far, the prevalent theoretical
approach to planet formation has been in brute-force ab-initio simulations of large
numbers of gravitating bodies (e.g. Ida and Makino 1992). Despite the enormous
advances in computer speed, even the current generation of dedicated super-computers
can not deal with the huge number of initial bodies (N > 10°) needed to simulate the
formation of a planetary system as a whole.

To achieve this goal, we have recently developed an effective model of planetary
accretion utilizing a set of physical assumptions that simplify the accretion process
considerably (Balaz et al. 1999). This has made possible the routine investigation of
large numbers of initial particles up to N = 109, For each value of the parameters
100 independent runs were performed, in order to accumulate statistics.

Apart from N, the only parameter entering our effective model is the condensation
parameter K, which is proportional to the ratio of masses of the protoplanetary disk
and star. One of the main results of our work so far has been the uncovered indepen-
dence of scaling exponents characterizing certain properties of the final condensates
from the initial mass distribution in the protoplanetary disk. In this paper we will
focus on the properties of exponents related to the spin of the condensates.

2. SPIN

Figure 1 depicts the typical result of our simulations for the relation between the spin
of a condensate, i.e. angular momentum due to the rotation about its axis, and its
mass. We have investigated a large number of initial mass distributions p{r). In all
cases we find a power law of the form s o« K*m%. The scaling exponents ¢ and w
are almost independent of the choice of initial mass density. We have established the
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existence of two distinct classes of initial mass distributions. The above scaling expo-
nents are universal inside each of those classes. Of the two exponents w is obviously
much more interesting, as it gives the connection between two directly measurable
quantities.

1 v T v T

0.01 r
0.0001
1e-06 }
1e-08
1e-10 +
1e-12
1e-14 |

spin

1e-16 +

1e-18 * * :
1e-10 1e-08 16-06 0.0001 0.01 1

m

Fig. 1. Spins of condensates as a function of mass for K = 0.1 (best fit to Solar
system) and N = 10%,107, ..., 10'C initial particles. The results fit to s o« m“ . Initial
mass densities belonging to the first universality class all give w = 1.75 £ 0.03, while
those in the second universality class give w = 1.94 £ 0.06.

In Fig. 2 we show several initial mass distributions belonging to the first universality
class. All the distributions belonging to this class lead to the same values for the
scaling exponents w = 1.75 £ 0.03 and ¢ = 0.40 & 0.02. Distributions belonging to
the second universality class also, within error bars, lead to a single value for the
scaling exponents. In particular, in this class we have w = 1.94 4 0.06. The simplest
initial mass distribution in the second class is a generic uniform distribution from
some minimal radius r = @ to a maximal radius r = b. The further analysis of these
results, along with an analytic derivation of the two universality classes will be given
in a future publication (Nad—Perge et al.}.

The corresponding data for the planets in the Solar system is given in Fig. 3. We
see that our effective accretion model agrees quite well with phenomenology. The
only two planets that do not satisfy the above spin-mnass relation are Mercury and
Venus. This is not surprising, as these are the two planets nearest to the Sun, where
additional tidal lock effects, neglected in our simplified model, play an important role.

Let us note that our effective model represents a general model of gravitational
condensation. As such it may be applied to other systems. For example, for large
values of the condensation parameter K, the whole material in the protoplanetary
disk condenses into a single object. This represents the scenario for the formation of
a binary star system. In this limit the condensation process becomes independent of
the order of condensation, making the model analytically solvable. The application of
the model to binary star systems is still in progress. As a preliminary result, we used

6
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astrometric data on binary star systems (Malkov 1993) to plot the dependence of the
orbital angular momentum L of a binary star system in terms of M, the mass of the
priumary. This is shown in Fig. 4.

Fig. 2. Examples of initial mass distributions of the protoplanetary disk belonging
to the first universality class.

1e+06 T T T Y T
Jupiter .
Satum |
10000 + . -
Neptun
Uranus | +*

100 +

spin
—

Mars ,
0.01 T 4

' Venus

0.0001 - Mercury - 4
Pluto -

+

1E-06 - . ' - '
0001 001 0.1 1 10 100 1000

m

Fig. 3. Spin vs. mass for the planets of the Solar system. The planets satisfy
s x m¥, where w = 1.94 £ 0.06. As a result of tidal forces, Mercury and Venus do not
lie on this curve.

From this figure we see that approximately 80% of binary star systems lie on the
curve L = 30M,} 7 while a further 10% (visual binaries) lie on L = 850M;!". The
majority of the remaining binary systems (mostly spectroscopic binaries) lie on a line
of constant mass My & 1.16 connecting the two curves. Under very simple assumptions
it is possible to show that the spin of the secondary star is proportional to the orbital
angular momentum. On the other hand, to a good approximation, binary systems

7
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satisfy Mgy o« My, so that M; offers the only miass scale. Therefore, we see that binary
star systems are well described by the scaling exponent w = 1.75, corresponding to
the second universality class in our model. Although these results are preliminary it
is interesting to see that both existing universality classes of our model are 'used’ in
nature: the one in the condensation of planetary systems, the other in the formation
of binary stars.

10000 5

1000 o

Delached main sequence

eclipsing systems B6-M

4 OB eclipsing systems

o O-type systems

+ Detached subgiant echipsing syst.

10 -i ¥ Rasolved spectroscopic binaries
¢ Visual binarles

v Hol semidelached systems
1 = Algol systems
o Coot sermdeiached sysioms
1 T T
01 1 10

100

Fig. 4. Orbital angular momentummn of a binary system about its center of mass as
a function of the mass of the primary star.

The numerical simulations presented in this coutribution have been performed on
an SGI Origin 2000 super-computer. We would like to acknowledge the help of the staff
of the IPCF (Institute of Physics Computing Facilities). This research was supported
in part by the Serbian Ministry of Science and Technology under research projects

01MO1 and O1EILS.
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ISTRAZIVANJE MODELA UTICAJA TEMPERATURE PRI
ODREDJIVANJU RAZLIKA LONGITUDA 1IZ MERENJA ZENITNIH
DALJINA ZVEZDA DANZONOVIM ASTROLABOM

Z. CVETKOVIC!§ G. PEROVI(2
! Astronomska opservatorija, Volgina 7, 11160-Beograd 74, Jugoslavija
E-mail: zcvetkovic@aob.aob.by.ac.yu

2 Gradjevinski fakultet, Kralja Aleksandra 73/1, 11000 Beograd, Jugoslavija

Abstract. 1988. godine, u okviru Evropske mreze longituda, odredjivane su razlike longi-
tuda Minhen-Be¢-Grac iz merenja zenitnih daljina zvezda Danzonovim astrolabom. Merenja
su izravnata koris¢enjem dva modela koji se razlikuju medjusobno u opisivanju uticaja tem-
perature na merenja zenitnih daljina. Model koji su predlozili autori bolje opisuje sistematski
uticaj temperature.

1. UVOD

Za uspostavijanje ELN (European Longitude Network) sprovedeno je nekoliko kam-
panja za odredjivanje razlika longituda izmedju nacionalnih referentnih stanica u
sedam evropskih zemalja (Kaniuth and Wende 1980, 1983, Wende 1992). Ova merenja
su uradjena DanZonovim astrolabom, od 1977 do 1980. i 1988. godine. Primenjena
Jje metoda jednakih zenitnih daljina, tj. vreme prolaza zvezde kroz almukantarat reg-
istrovano je na zenitnoj daljini z = 30°.

Poslednja kampanja za odredjivanje razlika longituda u okviru ELN sprovedena je
1988. godine. Odredjivane su razlike longituda izinedju dve austrijske stanice, Beéa
i Graca, i referentne stanice u Minhenu. OpaZanja je uradio W. Wende. OpaZane su
odabrane zvezde iz FK5 kataloga, sa deklinacijama izmedju 20° 1 70°. Opis kampanje
i analiza merenja dati su u Wende-ovom radu {Wende 1992).

Autori ovoga rada su neke rezultate obrade 1 analize ovih merenja objavili ranije
(Perovié and Cvetkovié 1998, Cvetkovié and Perovié¢ 1999). U ovom radu daju se
rezultati dobijeni sa dva modela za izravnanje merenja. Jedan je zasnovan na Wende-
ovom modelu, a drugi su predlozili sami autori. Za redukciju merenja korigéeni su
polozaji zvezda iz Hipparcos kataloga.

Kampanja 1988. godine radjena je od 20. jula do 10. septembra. Ukupno je bilo
23 veceri opazanja. Prvo je u Minhenu za 5 veéeri opaZano po dve grupe zvezda ili
ukupno 10 serija, zatim u Becu za 6 veceri 15 serija, pa u Gracu za 7 veéeri 17 serija
i na kraju, ponovo u Minhenu za 5 veceri 10 serija zvezda.
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2. PRVI MODEL IZRAVNANJA - MODEL 1

Za model I, u sustini, koris¢en je Wende-ov model izravnanja (Wende, 1992) koji
obuhvata obavezne 1 opcione parametre, ali ne i a priori nepoznati broj popravki po
rektascenziji.

Za svaki zvezdani prolaz postavljena je sledeéa jednadina popravaka:

o +v = bydp; + bradhy — dz
+AT by Apg + AT by Adg
+brr dIT + bya diA + byp, dHD,
+byg dH1 + b% dH2 + bp dF
gde su:

a) 9 obaveznih parametara: 3 parametra dyp; 1 3 parametra d); — za svaku stanicu
po jedan; 3 parametra dz; ~ za svaku grupu zvezda, (10, 111 12), po jedan;

b) & opcionth parametara: Apg, Adg — vremenska promena latituda odnosno longi-
tuda izmerenih od strane jednog posmatraéa; dI7T — parametar promene temperature
instrumenta isti za sva merenja kampanje; dI A — parametar promene razlike tem-
peratura instrumenta i vazduha isti za sva merenja kampanje; dH Dy, — parametar
adaptacije Jjudskog oka; dH 1, dH2 - parametri za uticaj prividne veliéine zvezde, i
dF — parametar za utica) boje zvezde.

Radi odredjivanja teZina opazanja (prolaza zvezda) izvréeno je ocenjivanje kompo-
nenti disperzija koriséenjem modela:

Py - ks N 9
ol =a?+ 02 (cospsin A)? + 02 -m? .

1 metode ocenjivanja komponenti PERKDV L (Perovié 1999).

Za otkrivanje grubih greSaka u opaZanjima koriséen je Popeov tau-metod (Pope
1976) sa nivoom znafajnosti testa «, = 0.05 . Broj prolaza zvezda sa kojim se uslo
u izravnanje iznosio je 1601. Po primeni testa grubih gredaka odbaceno je oko 14%
prolaza i sa preostalih 1378 merenja sra¢unata je ocena disperzionog koeficijenta m?
~ Tabela 1.

Posle izravnanja, graficki su predstavljene ocene popravaka v po razlicitim regre-
sorima (uticajima): serijama, ve¢erima, azimutu, prividnoj veliéini zvezda, spoljasnjoj
temperaturi tokom opazanja, atmosferskom pritisku®’ temperaturi instrumenta. Od
svih grafika, jedino je grafik po vegerima ukazivao na promene popravaka (Grafik 1.a.),
uzrok éega je mogla biti temperatura koja je bila razliéita po vecerima. Radi toga je
uveden drugi model kojim se ternperaturni uticaji bolje opisuju.

3. DRUGI MODEL IZRAVNANJA - MODEL II

Umesto dva parametra uticaja temperature, dIT 1 dI A, kori§éenih u modelu 1
za sva merenja kampanje, u model IT uvedena su po dva parameira, dIT 1 dIA,
za merenja u pojedinoj veceri. Zbog ovoga model 11 ima ukupno 46 parametara za
opisivanje uticaja temperature i glasi:

10
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Lb+v = bydp; + badri — dzi
+AT b, Apg + AT by Adg
+bip dITy + bra dIAy + bgp, dHD,
+by dH1 + b4 dH2 + bp dF

gde indeks h oznafava broj veceri, (h = 1,...,23). U ovom modelu broj obaveznih
parametara je 9 — isti kao u modelu [, a opcionih 52, tako da ukupan broj parametara
1znosi 61.

TezZine opaZanja su odredjivane istim postupkom kao kod modela 1. Za testiranje
grubih gredaka u opazanjima takodje je kori§éena Popeova tau-metoda na isti naéin
kao kod prvog modela. Odgovarajudi rezultati dobijeni na osnovu izravnanja ovim
modelom dati su u Tabeli 1.

Ocene popravaka ¢ dobijene 1z izravnanja pomocu modela Il grafi¢ki su predstavl-
jene po istim regresorima kao pri modelu 1. Sada ni grafik popravaka po veterima ne
pokazuje zavisnost — Grafik 1.b.

Medjutim, pravi odgovor na pitanje opravdanosti uvodjenja modela prosirenog za
temperaturne uticaje po veferima — model II, daje nam F-test. Statistika testa glasi:

— 2 2
F=m /mg .

Na osnovu uporedjenja test veli¢ine F' sa kvantilom F-rasporeda:

F = 0.02565/0.01578 = 1.625 > 1.184 = F900(1361;1335)

zakljucujemo da se modelom Il znadajno bolje opisuju uticaji temperature u meren-
jima, §to se, sa druge strane, direktno odrazava na taénije odredjivanje razlika longi-
tuda.

Tabela 1. Vrednosti R = 97 P4 i m? dobijene pomoéu modela I i II. (n — broj
prolaza (posle eliminacije merenja sa grubim greSkama); v — broj parametara; f -
broj stepeni slobode.

Model n u R[PP] mi '] f

I 13781 171 34.9085; 0.02565) 1361

I1 1396 61| 21.0608{ 0.01578] 1335

11
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Girafik 1. Ocene popravaka vy
modelom II. Kruziéi predstavljaju srednje vreduosti popravaka po vederima.

oy

zavisnosti od veceri dobijene: a) modelom I; b)

4. ZAKLIUCAK

Rezultati analize potvrdjuju da se temperaturni uticaji u merenjima zenitnih daljina
zvezda DanZonovim astrolabom znacajno bolje opisuju modelon sa dva paramnetra po
jednoj veteri — model 11, u odnosu na model uticaja temperature sa dva parametra
za celu kampanju - model L.
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Abstract. In recent attempts at building an atemporal (“tenseless”) picture of the physical world,
insufficient attention is devoted to the cosmological arrow of time. According to new empirical
findings, and particularly the epoch-making discovery of a large effective vacuum energy density, the
existing discussions of the topic need reassessing. In particular, the necessity of a new treatment of
asymmetric temporal boundary conditions in an open universe is hereby put forward. Some errors
implicit in the earlier treatment of the problem of the cosmological arrow of time are briefly
discussed.

1. ATEMPORAL UNIVERSE

The puzzle of apparent temporal asymmetry of the physical world arguably
governed by series of simple, time-symmetrical processes has been considered by
philosophers and cosmologists from the time of pre-Socratics. Only in the course of the last
century, since the great discoverics of Ludwig Boltzmann, and subsequent elucidations by
Eddington, Jeans, Tolman and others, it has gradually become clear that the problem of
irreversibility of physical processes encountered in cveryday life is inseparably linked to
the global initial conditions of the world we live in; that is, to cosmology. Although this
simple point has been put forward by many authors (e.g. Gold 1962; Penrose 1979;
Hawking 1985; Price 1996), it has somewhat remained outside of the mainstream of
cosmological thought, for at least two reasons. One is unhappy association of some
attempts to deduce the thermodynamical and radiative arrows of time from the
cosmological one, with the discredited steady-state theory defended mainly by Hoyle and
Narlikar (i.e. Hoyle and Narlikar 1972, 1974). Another, which I shall try to highlight in this
note is too narrow cosmological framework to which the idea has been applied. In other
words, the problem has been set in several versions, each too special to appeal to most of
cosmologists, naturally very cautious with respect to determination which exact
cosmological model describes the empirical reality. This is understandable, particularly in
the light of great difficulties encountered—even after the great cosmological controversy of
the 1950-ies has left only evolutionary Friedmann models on the battlefield—by
observational cosmologists in determination of the three fundamental cosmological
parameters, Ho, Q and A.
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Hereby, I would like to defend the following thesis:

1) The recently observationally confirmed positive cosmological constant breaks any
conceivable time-reversal global symmetry.

In addition, two complementary philosophical theses can be put forward, but their
discussion is beyond the scope of this paper and will be the subject of a subsequent work:

2) The existence of life, and particularly intelligent observers has basically the same
effect of breaking the global symmetry. Therefore, the introduction of an additional
arrow of time, which we can call the anthropic arrow {(or arrow of technologization)
may be a useful concept.

3) A reductionist picture of continuity of cosmological, biological and anthropological
evolution makes a good framework for unification of various arrows of time, and
therefore presents the unique consequent approach to building a completely atemporal
worldview.

2. OPEN UNIVERSE AND THE COSMOLOGICAL CONSTANT

In a recent very important study of Huw Price Time's Arrow and the Archimedes’
Point (Price 1996), the most comprehensive discussion to this day of implications of an
atemporal worldview for physics can be found. Central point of atemporal description of
the initial (and possibly) the final conditions in cosmology is what Price calls the “basic
dilemma”:

..A symmetric physics seems bound to lead to the conclusion either
that both ends must be smooth (giving the Gold universe), or that
neither end need be, in which case the smooth big bang remains
unexplained. On the face of it, then, we seem to be presented with a
choice between Gold's view, on the one hand, and the conclusion that
the smooth big bang is inexplicable (at least by a time-symmetric
physics), on the other.

However, smoothness or simplicity of the early universe does not seem intractable from the
point of view of a general theory of nonlinear dynamics (Devlin 1991; Treumann 1993), If
one could specify information content of the universe at any given epoch, it could be shown
that the retrodiction to the initial state requires a very simple state. Although the prospects
for giving exact laws of this complexity growth are still unclear, it seems plausible that in
an atemporal view it is enough that the final state is complex enough to give a unique initial
state. And the roads to such final state through entropy production are actively investigated
in contemporary astrophysics and cosmology.!

In contradistinction to the spirit of the “basic dilemma”, it should be noted that
there have been several attempts to derive (Clutton-Brock 1977; Tegmark and Rees 1998;

! In linear regimes, the entropy production has been thoroughly investigated by Weinberg
{(1971). For non-linear regime of the structure formation, see, for example, Valageas and
Silk (1999) and references cited therein, which all follow the seminal study of Press and
Schechter (1974).
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Barrow 1999) the low initial entropy from anthropic constraints; even more to the point, it
could well be done in each particular instance without the ontological enlargement (i.e.
postulating the multiverse), if one is willing to follow in bold steps of Dyson (1979), and
break the taboo by introducing a teleological discourse. This step immediately breaks the
symmetry, since “known physics” which should, from the reductionist point of view,
include the complexity of biological and even psychological structures, is (to say the least)
ambiguous with respect to temporal orientation. This point does not seem to have been
recognized in contemporary literature on the subject. However, another form of breaking of
the temporal symmetry has obtained (and justly so) very much publicity during the last two
years.

Recent observational confirmation of the large vacuum energy density (commonly
known as “cosmological constant™)? will undoubtedly have great impact on our way of
thinking about the time, as well as on almost any aspect of physical eschatology. The three
most significant consequences of a cosmological constant roughly corresponding to the
cosmological density fraction Q4 ~ 0.7 are as follows:

¢ The universe will expand at an ever-accelerating pace; at some point in time, which has
already been reached (Kardashev 1997; Cirkovi¢ and Bostrom 1999), it will enter a de
Sitter (quasi-exponential) expansion phase.

¢  Event horizons (Rindler 1956; Harrison 1991; Ellis and Rothman 1993) form in the de
Sitter space, the size of which is determined exclusively by the magnitude of A

¢  The temperature of ever-expanding universe will not go to zero as in open Friedmann
cosmological models. Instead, in asymptotic limit when proper time t — oo,
temperature will tend to a constant value,

rT, =t [ A z3.3x10'3°h‘xi K, M
k V12z° 0.7

where k is the Boltzmann constant.

The extremely low temperature in Eq. (1) will, eventually, become higher than the
microwave background radiation. In addition, it will become hotter than any other form of
background remaining at these distant epochs. Without going into details (see Tipler 1986;
Treumann 1993) we note that in the open universe energy consumption entering the
Brillouen (1962) inequality (for the maximal amount of information which can be
processed by a physical system using energy E and working at the temperature T) remains
finite, but the possible divergence can be obtained in the T — 0 limit. Such manner of
satisfying the final anthropic hypothesis (Cirkovi¢ and Bostrom 2000) seems frustrated by
the realization that the temperature in Eq. (1) is the minimal possible temperature, and

2 For observational findings see Perlmutter et al. (1998, 1999), Riess et al. (1998) and
Lineweaver (1998). The methodology used in searches for distant Type Ia supernovae has
been elaborated on by Branch and Tamman (1992). Impact on theoretical cosmology has
not yet been investigated in detail, but some important lessons have been drawn by Krauss
and Turner (1999), as well as in an earlier study of structure formation by Liddle et al.
(1996). For the anthropic significance of the cosmological constant see Barrow and Tipler
(1986), Weinberg (1987), Efstathiou (1995) and Martel, Shapiro and Weinberg (1998).
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therefore the integration of the Brilloven inequality will give a finite result in any realistic
case. A hibernation-type decrease in energy consumption (Dyson 1979) probably will not
help due not only to finite asymptotic temperature but also to quantum effects (Krauss and
Starkman 1999). The recourses left are connected with the topological structure:
transferring to another unit.of the global multiverse, or creating another such unit (Harrison
1995). In a sense, this offers a possibility of answering the question; if the cosmological
constant breaks the temporal symmetry, and the same may be said of the emergence of
intelligent observers, what are the relations between the two breaks? Of course, the answer
may be given only with respect to the entire timespan of intelligence in a universe (which
can be thought of as a generalization of relationist view of time; see Schuster 1961;
Newton-Smith 1980).

Parenthetically, the presence of vacuum ecnergy as indicated by the recent
cosmological supernovae experiments has some interesting consequences for the evolution
of matter. For instance, it seems clear that the long-term evolution of black holes is
substantially different when A is present (e.g. Hayward, Shiromizu & Nakao 1994; Adams,
Mbonye & Laughlin 1999). If anything, the process of black hole accretion of matter and
subsequent evaporation through Hawking radiation is made even more asymmetric than
earlier (in this respect, the physical asymmetry has been emphasized by Paul Davies back in
1973). Therefore, it seems that the basic dilemma is resolved in a way which you consider
less appealing, that is, through physical boundary conditions which are asymmetric
completely independently of human cognizance. In a sense, the true cosmological arrow of
time is established only after the existence of the cosmological constant is confirmed.

3. OTHER FORMS OF BREAKING THE TIME SYMMETRY

The discussion of the cosmologial constant sketched here points out that there is
an easy way to break the symmetry of cosmological time. This solution comes, of comes,
with a price. Part of the price lies in the fact that it is necessary to account for the sign of A.
Preceeding considerations apply only to the positive sign, in which case the universe is
ever-expanding disregarding its topological structure. However, the negative A will just add
to the total energy density, and if its magnitude is in a wide range of interesting values, it
will cause recollapsing universe in which case we are faced with the Price’s basic dilemma
again (see also the illuminating discussion of such models in Barrow & Dabrowski 1995).
Although there are some exceptions to this, we shall not consider them further here. What is
interesting is the fact that the ultimate “Theory of everything™ will have to give the
explanation of the sign of the cosmological constant in terms of the “first principles”, in
order to explain the cosmological asymmetry. Since the same ultimate theory is (naturally)
expected to account for the CP violation, it is quite plausible to think that the same set of
fundamental processes is responsible for both asymmetries, thus unifying micro- and
macrocosmos in the most remarkable way, confirming Bronstein’s (1933) farsighted
intuition.

From a historical perspective, therefore, it seems that apart from the processes of
unifying the various seemingly distinct empirical phenomena, we are dealing with attempts
to unify the various arrows of time. While the connection of thermodynamical and
cosmological arrows has been suggested by various authors, notably Gold and others during
the last half century, and connection of electromagnetic arrow with the cosmological one
first elucidated by Wheeler and Feynman (1945, 1949), later followed by Hogarth (1962),
only with works such as Price’s we get a comprehensive enough view. However, the
prospect of this (inherently aiemporal!) unification is somewhat marred by the explicit
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rejection of possibility that what is traditionally called psychological arrow of time can be
explained in the same manner as the rest.

In this respect we see another instance of violating inherent symmetry of
(macro)physical laws. The phenomenon of life, and particularly intelligent life, if regarded
as transcedental, of course can not be analyzed in physical terms, but while such dualism
permeates the modern scientific thought, from Descartes onward, and has certainly brought
important fruits in natural sciences, it should not be regarded as divinely ordained truth, as
most practicing physicists and philosophers tend to do. Instead, one may follow the leads of
Schrodinger (1944) and Stapp (1985), or even better, Empedocles, Anaxagoras and some
other pre-Socratic thinkers, that the biological, psychological, and even sociological
evolution is an inherent and inseparable part of the physical, i.e. cosmological evolution
(e.g. Guthrie 1969). While here is certainly impossible to go into depths of such a rich and
insufficiently studied worldview (which, ultimately, includes the transition, or translation
between syntaxical and semantical structures in epistemological sense), it is interesting to
speculate whether the same sort of asymmetry creating the large cosmological constant and
cosmological arrow of time is responsible for the appearance of life and intelligence in the
physical world. What does seem clear is that melioristic cosmos in which complexity
increases as more and more advanced form of life and intelligence arise is incompatible
with the time-symmetric worldview, as personified by the Gold (1962) universe, or indeed
any similar simple scheme.
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Abstract. In the early sixties two Yugoslav scientists, Pavie Savi¢ and Radivoje KaSanin have started
developing a theory of the behaviour of materials under high pressure. The initial work was published
between 1962 and 1965. In the course of time, this theory has found applications in planetology and
laboratory high pressure work. The aim of this lecture is to review the basic physical ideas and some
results of the planetological applications of this theory.

1. INTRODUCTION

Planetology is defined as a branch of astronomy and physics pertaining to the study of
planets. Its origins can not be traced precisely, because first purely logical and
philosophical considerations on the "wandering stars” were made already in antiquity. First
scientific studies of the problem of the origin of planets date back to the times of Kant and
Laplace. However, studies of planetary interiors had to wait until the second half of the last
century and the development of seismology. It has been shown on several occasions in the
XIX century that seismic waves , originating in earthquakes, in their propagation through
the interior of the Earth encounter regions of different densities (Zharkov V.N. and
Trubitsin V.P. 1981). These were the first experimental proofs that the Earth's interior is
stratified.

The turn of the century witnessed first attempts of laboratory studies of
planctologically important materials. Water, for example, has been subdued to increased
pressure, already in XVII century. It is known that an Englishman, a certain Mr.Cannon,
compressed water to 0.01 GPa at room temperature, and obtained water ice (Block S. et al.
1980). This attempt is nowadays remembered just as a detail of historical interest.
Laboratory experiments on the behaviour of water under high pressure started due to work
by Tamman (1900} and Bridgman (1911) in the first decade of the XX century. For
comparison, note that there exist at least 15 phases of ice, and that water has been studied
in diamond anvil cells at values of pressure P <128GPa (Hemley R.J. 1987).

Theoretical planctology started developing rapidly in this century. The usual
process of modellization of planctary internal structure includes the following steps: assume
some chemical composition of the body under study and some form of the equation of state
of the material which makes up the planet, and then calculate the radial distribution of
pressure, density and temperature (see, for example, Celebonovi¢ V. 1983) .

The aim of this lecture is to review the main physical ideas of a theory of
behaviour of materials under high pressure, proposed in the sixties by P. Savi¢ and R.
Ka%anin (1962/1965) (styled the SK theory). As the theory has applications in astrophysics,
as well as in laboratory high pressure studies, we shall here present only a part of the
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planetological results. For a previous review of the theory see Savi¢ P. and Celebonovié V.
(1994).
2. THE SK THEORY

This theory started developing after a paper by Savié which had the aim to explore
the origin of planetary rotation (Savi¢ P. 1961). It was shown in that paper that in order to
draw conclusions about the origin of planetary rotation, one needed to know details about
their internal structure. The mean planetary densities were fitted by a simple analytical
formula

p=—§-2°’ (O

Note that the factor 4/3 turns out to be very close to the mean solar density, and ¢is an
integer: ge = 1,0,2}. Choosing values of @ by trial and error, it becomes possible to

reproduce the known values of the mean planetary densities. The original data presented in
Savi¢ P. (1961) are reproduced in Table I:

Table I
ObJCC[ (p pmlr (kg /"13 ) pobs (kg / m3 )
Saturn -1 660 650
Sun 0 1330 1410
Jupiter 0 1330 1340
Uranus 0 1330 1360
Neptune 0 1330 1320
Earth 2 5320 5520
Mars 2 5320 3940
Venus 2 5320 5210
Mercury 2 5320 5600

The symbols p_, and p - denote, respectively, the density calculated according to Eq.

(1) and values derived from known planetary masses and radii.

The importance of Eq. (1) is in the fact that it helped the SK authors of to
introduce a new idea in planetology - that the internal structure of a planet is influenced to
a large extent by changes, produced by high pressure, of the atomic and/or molecular
structure of the mixture of materials that the planet is made of, as well by changes in the
lattice structure of these materials. Apart from the "quantum" nature of Eq. (1), they were
pushed in that direction by two more factors: the geophysical data on the propagation of
seismic waves through the Earth, which showed that the Earth's interior consisted of
different layers with sharp transitions between them, and laboratory experiments on
materials under high pressure (such as Bridgman P.W. 1964).

At the time, they were not aware of the fact that Enrico Fermi invoked the
possibility of changes of atomic and molecular structure under high external pressure
several decades before them, while testing the applicability of the then "new” Schrédinger
equation. However, Savi¢ and KaSanin were the first to use the idea of changes of atomic
structure under high pressure in planetology. This phenomenon was termed "pressure
excitation”, and received full quantum mechanical treatement only recently (Ma D. 1988).
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In four years following the publication of (Savi¢ 1961) Savi¢ and Ka3anin
developed their theory of the behaviour of materials under high pressure (Savi¢ and
KaSanin 1962/1965). It has two general aims: to develop a theoretical explanation of the
origin of rotation of cold solid celestial bodies ( such as planets,satellites,asteroids) and a
theory of behaviour of dense matter. The resuit is a theoretical description of some aspects
of phenomena occuring in materials under high pressure, founded on known laws of
classical physics combined with some facts from quantum mechanics - hence the name
semiclassical.

The considerations of SK start from a low temperature isolated cloud of gas and
dust, consisting of an arbitrary number of chemical elements and their compounds. The
evolution in time of such a cloud is governed by two physical processes: the mutual
interactions of its constituting particles, and the loss of energy due to radiation. Because of
the low temperature of the cloud, this radiation is somewhere in the red or even IR part of
the spectrum.

The obvious consequence of these two factors is the increase of density, and
pressure in the interior of the cloud. A further consequence is the excitation and ionisation
of the atoms and molecules in the cloud. Pressure excitation and ionisation is an expectable
consequence of the perturbation of the electronic energy levels by the external pressure
field. The physical possibility of such a coupling can be proved even in solvable elementary
quantum  mechanical systems such as a finite potential well. Increasing the pressure to
which a system is subdued Icads to the expansion of the radial part of the electronic wave
functions of the atoms and moleculcs that make up the system.

When the pressure has risen sufficiently so that pressure ionisation can start, a
phase transition occurs in the cloud - it passes into the state of a poly-component
plasma.This plasma consists of a randomly moving clectron gas and neutral and ionized
atoms and molecules. Such an electron gas has a non-zero magnetic field (de Groot S.R.
and Suttorp L.G. 1972). Owing to a combination of high pressure and low temperature, the
magnetic moments of the ionized atoms and molecules become oriented in parallel, and the
resulting torque starts the rotation of the whole systcm. We have here given a qualitative
description of the process which,according to SK, gives risc to rotation. Details, pertaining
to the rotation of the Moon and the form in which the rate of rotation is expressed in SK are
given in Savi¢ P. and KaSanin R. (1962/1965), Celebonovié V. (1995).

The second line of investigations pursued by SK is the study of the behaviour of
materials under high pressure. Experimental work in this domain is linked with a multitude
of problems (such as filling a diamond anvil cell, or fixing the contacts on a specimen). On
the theoretical side, a specimen of any material is a typical example of a many-body
system, whose Hamiltonian has the form:

N

H= Z— V2+qu +ZN:vq |) @

2'” i=} ij=1

All the symbols in Eq.(2) have their standard meanings. Instead of embarking on
a calculation of the thermodynamical functions proceeding from Eq.(2) Savi} and Ka{anin
have based their theory on a set of six experimentally founded premises supplemented by a
selection rule.
The mean interparticle distance a is defined by the relation

N,Q2a)p=A (3)
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where N, denotes Avogadro’s number , A the mean atomic mass of the material and p is
the mass density. As a next step, one introduces the "accumulated” energy per electron as

d

E =5 (4)
a

It can be shown (Celebonovi¢ V. 1992) that the mean interparticle distance defined
in Eq. (3) is a multiple of the Wigner-Seitz radius which contains the ionic charge Z.

The basic premises of the SK theory are (Savi¢c P. and Kalanin R. 1962/1965,
Celebonovié V. 1995):

1. The density of a material is an increasing function of the applied pressure.

2. With increasing density, a material undergoes a sequence of first order phase
transitions. Phases are indexed by an integer . The phase ending at the critical point is
denoted as the zeroth phase. For an arbitrary phase,the density is delimited by :

pl<p <P

p; .

or —4<p, <p; o2l &)
.

¥
3. Assuming in Eq. (1) that ¢, —¢, =1 one gets that the maximal densities in
two sucessive phases are related by

Pia =2p; (6)
4. Tt is assumed that
E5 E°
_._10_ = _'ﬁ. )
E; E.

1

A relationship between the accumulated energies in sucessive phases was needed
50 as to render the calculations possible, and Eq.(7) was adopted because of its simplicity. It

can be shown that O(;(%;,, =2 and that

6/5.i=1.3.5....
$/3.i=2.4.6.. (8)

o; =
5. The final density of the phase i =0 is given by

« A
= )]
Po W
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where V is the molar volume of the material under standard conditions (Celebonovi¢ V.
1992).
6. It follows from the assumption 3 that

1 11 1
o] (10)
p 2{p, p,
where the symbol p = -g_- is the density of a material at the zero point.

These assumptions cnable the calculation of the value of pressure at which a first
order phase fransition can be expected in a material. Mathematically,the idea of this
calculation is to compare the work performed by the external pressure on the material with
the corresponding change of the accumulated energy. Details concerning this algorithm, as
well as its applications to 20 materials chosen at random, and an analysis of the possible
causes of the discrepancies can be found in the literature (Celebonovi¢ V. 1992, 1995,
1999).

The algorithm proposed in the SK theory provides the mathematical rule for
calculating the phase transition pressure. However, SK have devised a selection rule for
determining those phase transitions which are physically possible (Savi¢ P. and Kaganin R.
1962-1965). A transition j — j +1 is possible if

E,+E, =E/ an
where E, denotes the ionisation and/or excitation potential.

3. APPLICATIONS IN PLANETOLOGY

In planetology, the SK theory offers the possibility of modelling the internal
structure of planets,satellites and asteroids.It can not be applied to stellar structure studies
simply because it does not take into account the fact that nuclear reactions take place in
stars.

The input data necded for a planetological application of this theory are the mass
and the radius of the object under study. SK have developed algorithms which, starting
from this pair of values, allow the determination of the number and thickness of layers
which exist in the interior of the object, the distribution of pressure density and temperature
with depth,the strength of the magnetic field and the allowed interval in which the rate of
rotation of the object can be expected.This theory also gives the mean atomic mass of the
chemical mixture that the object under study contains.

The SK theory has been applied to the Sun and all the planets except Saturn and
Pluto, the Moon, the Galileian satellites, the S big satellites of Uranus and the asteroids 1
Ceres and 10 Hygiea. It was known to SK that the model of the solar interior within their
theory can not be realistic. Interestingly, the central temperature obtained is of the correct
order (T, =10'K).

The form of the results is illustrated in the following Tables, which contain the
models of the Earth and Moon calculated according to the SK theory. The maximal values
of the temperature in various layers were calculated according to Celebonovié V. (1991).
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Table II Interior of the Earth
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Depth (km) 0-39__| 392900 | 29004980 | _4980-6371
p. (kg/m’) 3000 6000 12000 19740
P, (Mbar) 025 129 2.89 37
T (K) 1300 2700 4100 7000

<A>=126.56

Table IIT Interior of the Moon.

Depth (km) 0-338 338-1738

Pruas (kg /) 3320 6640

P_. (Mbar) 0.015 0.089

T.. (K) 529 793
<A>=71

Parameters of the models of the Earth and the Moon, and similar models of other
objects calculated within the SK theory, can not be compared to in situ experimental data,
but only to observable consequences on the surfaces of these objects of conditions in their
interiors, However, the mean atomic mass <A> and combinations of chemical elements
and/or compounds which fit it can be compared to experimental data obtained by remote
spectroscopy from the Earth and/or space probes. A table of values of <A> is avaliable in
Celebonovié V. (1995), and a distribution of <A> with radial distance from the Sun is
represented in Fig. 1 .

The radial distribution of <A> is of considerable interest for cosmogony, because
it is a consequence of composition gradients and transport processes which existed and
operated in the accretion disk from which the Solar system condensed. Namely, values
represented in Fig.1 were derived within the SK theory, whose predictions have been
compared with laboratory results (Celebonovi¢ V. 1992) and astronomical observation. On
the other hand, direct experimental verification of cosmogonical calculations is nearly
impossible.

The most sucessful example of the determination of the value of <A> for an object
is the case of the Galileian satellites. Their values of <A> were determined in Celebonovi¢
V. (1987) back in 1987. First in-situ data on their chemical composition were obtained by
the "Galileo" space probe in 1996. It turned out that predictions made by the SK theory in
1987., are in excellent agreement with experimental data collected nearly 10 years
afterwards (Celebonovié V. 1998). At the time of publication, Celebonovi¢ V. (1998) has
aroused considerable interest.

Another interesting case of the determination of <A> has been the asteroid 10
Hygiea (Celebonovié V. 1988). It is known from observation that asteroids 1 Ceres and 10
Hygica are spectroscopically similar.Using the known values of the mass and radius of
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Ceres, its value of <A> was calculated. Combining this result with the value of R for 10
Hygiea as determined by IRAS, it became possible to calculate the mass of this asteroid.

4. CONCLUSIONS

In this lecture we have reviewed some planetological applications of a
semiclassical theory of dense matter proposed by Savi¢ and Kaanin in the sixties, and
later applied and developed by various authors. Naturally, no details of the calculations are
given on the text, but they can be found in the references .

The SK theory is mathematically simple. It has been developed with the aim of
describing extremely diverse and complicated phenomena, but this complexity has been
bypased by a set of basic postulates and a selection rule. This is a great advantage of this
theory over better known models of phase transitions. However, there is also a hidden
disadvantage - namely, the simplification of the physical assumptions of necessity renders
the calculation cruder, and increases the discrepancies between the calculated and
experimental results.
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Fig. 1. Distribution of <A> with radial distance from the Sun.

We have discussed in this contribution some of the planetological results of the SK
theory, and the obvious question is "What lies ahead?”. This theory has a wide For instance,
it would be very useful to improve its basic postulates. Eq. (1) should be rederived from
modem data, and it is very probable that a new set of values of the exponent ¢ would

emerge from this. The point here is that this equation is later used in calculation of the
phase transition pressure, because it gives the ratio of densities in two sucessive phases. In
the same domain, it would be important to develop a microscopic explanation of Eq.(1)
and,in particular of the physical meaning of ¢. On the laboratory side, it would be useful

to repeat the analysis presented in Celebonovié V. (1992), but for a larger set of materials.
It would be interesting to try to include nuclear reactions in the theory and thus render it
applicable to stellar structure studies.
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On the planetological side, there remain two planets which have not been
modelled: Saturn and Pluto. But more interesting than that could be the modellization of the
asteroids. Using similarities, as has been done for Hygiea and Ceres, this could be a useful
method for determining masses of some asteroids.

In cosmogony, the SK theory could also be useful. Just one example is its
possibility to determine the value of <A> .This implies that onc can, proceeding from
observed data, gain knowledge about the distribution of chemical elements within the
planetary system, and thus constrain cosmogonical models. Such studies have already been
performed on the Jovian and Uranian satellite systems (Celebonovi¢ V. 1987, 1989). It has
also been shown that Triton and Neptune are widely different in their chemical composition
(Celebonovié V. 1986), which is in perfect agreement with the result known in celestial
mechanics that Triton is a captured body.

To conclude, we can say that this simple theory of complicated phenomena has
achieved interesting planetological and laboratory results and that it offers possibilites for
future work both in astronomy and physics.
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Aocrpakr. Tlouerkom amsaneceror Beka (. [l. Bouxosuh je na reputopmju CpbGuje
BPIIMO acTporeofercka oapelhuBamwa paau mobujama ckperama BepTHKaJa. 3a obpany
pezyiATaTa NOCMaTpalba Y3HMaHW Cy IIOJIOMAjH 3Be3ja M3 (YHAAMEHTAJHOr KaTalora
NFK. Kopumhewem nogaraka uz FK5 y nouwosHoj o6pamm mocmarpama, nobujajy ce
pesyaraTu oux oapebusawa y cucremy FK5. Omme ce pasmarpajy rpeuike a priori
Boumkosuhepux peszyarata y omiocy ua cucrem FKS5, omHocno, cobhemwe pesyararta
Bomkopuhesux actporeoaerckux oxpehusamwa na cucrem FK5.

1. YBOIIL

Y nepuony oxn 1900. xo 1911. romune, Cresan I1. Bomkosuli je Ha Tpunecer
Tauaka TepUTOpUje oHAamme Kpabesune (CpOuje 06aBmac acTpPoreogeTCKa
oapebusama (cTame yacoBHUKA, reorpadcka IMMPUHA M A3MMYT HpaBla) xa 6u
Ha BUMa HA00Uo cKperame BepTuraie. Cpenma enoxa BomxosuheBux mnocma-
Tpama 6uia je npubmwkao 1906.0 . Pesynrtaty cy npukaszanm y ksusu ” CKPE-
TAWE BEPTUKAJIA ¥ CPBUJIW” (Bomkosuhi 1952). Crame yacoBHMKa
je oapebmBano llunreposom metozom, mupuHa [ljeBlHoBREEBOM, a a3’uUMyT je
onpebuBan us nocmatpama CeBepmade. 3a obpasy nocMarpama CIYXUIU CY
monokaju 3pesna u3 katagora NFK (Peters 1907) koju je y To Bpeme (mocne
OpPBOT CBETCKOT paTa) NPeNcTaB/hao pedepeHTHY OCHOBY H, 3ajenHo ca Hbykom-
BOBUM CHUCTEMOM ACTPOHOMCKMX KOHCTAHTU, pedepeHTHU CUCTEM.

Y KoankKo xenumo na pesyiatate Bomkosuhesux oapehusama cBe1eMo Ha HEKU
IPYTU CUCTEM, MOTPEBHO je y3eTH TMOAATKe U3 TOr APYTor CUCTEMa U ca BHUMa
padyHaTu TPMBUIHE II0OJIOKAje 3Be3la 3a oAropapajyhe TpeHyTke nocMaTpamba.
Y oBoM pany kopucTuMo nopatke u3 karanora FK5 (Fricke n op. 1988). Tpeba
HallOMeHYyTH Za ce Bakeha pedepeHTHA OCHOBA KOJy Y ONTUYKOM [esly Npen-
craBiba HIPPARCOS kartanor noknana ca FK5 karanorom y rpanuiama rpeinaka
FK5.

C jemne cTpane, ucrpaxkyjyhu rpeuxe NFK y onnocy Ha cucrem FKH, moxxemo
3 OApelrMO CUCTeMAaTCKe pasziuke nojaoxkaja spesga (FK5 — NFK), a takobe
Cy HaM MHTEPECAHTHE M MPOCeUHe Cpefbhe KBaApaTHe [pellKe MoJoXKaja y oBa
gBa cucTema. (¢ Apyre cTpaHe, 3a NpUMemeHe MeTode, uMmajyhu y suay mu-
XOBe OCHOBHE KapaKTepUCTUKe U (GOPMYJie 3a paudyHalbe Koje cy IpuKasaHe y
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HeKOM o4 yubeHuKa npakTtudHe acTpoHoMmuje (Baawxxo 1979), Mory ce ussectu
OJufepenyujaanu obpacyu y kojuma e QUIypucaTu rpeiike KOopAMHATA 3Be3a.
Osu oBpacim omoryhasajy Aa a priori oApearMo yTulaj rpelaka KOopAMHATA
3Be3/la Ha pe3yJsITaTe MOMEeHYyTUX acTpOoreodeTCKUMX oApebusama. pyrum pe-
upmMa, Jo6HjeHe BPeAHOCTH TPellaka KOOpAMHATA 3Be3/Ja U ulBedeHe mubepeH-
mMjadte obpacue KopuMcTUMO 3a cBoBjeme pesynrata onpebupama Ha cucTeMm
FK5.

UNnaue, uspauyHato cBohere Ha cuctem FKH a priori npukaszano y oBom pany
¥ pesyaTaté nobujeHd a posteriori IMpexTHMM yHomemeM nojoskaja FK5H y pe-
AYKIIMOHE JUCTOBE [OKa3y)y 3a40Boasa)yhie cinarame,

2. CBOBEWE CTAIbA YACOBHUMKA HA CMNCTEM FK5

PasMoTprMo yTHIaj rpemiaka HoloKaja 3Bezfia (Fpelike KOOpAMHATA « U §)
Ha onpebuBame cTama YacoBHMKRA, OJ OPETHOCTABKOM Aa cy 3Be3fe y Lunre-
POBMM NapoBUMMAa UMalie AekauHanuje koje ce kpehy wasmeby +20° u +50° n
na je BehnHa BUX onakaHa 6JiM3y OPBOT BePTUKAJA, Ha yaakesy od 10 xo 15
ctenesy no asumyTy. [Honazehiu oa oBe uumenune u kopuctehn audepenumjarnm
obpaaal usBeleH 3a llMHrepoBY MeTony

cos A, —cos Ay,
Au=— - - Ap
N cos p(sin A, — sin Ay)) v

sin A, sin Ay
e Aty — e Ay, + (1)
sin A, — sin A, sin A, — sin Ay,

COS @, s €08 (w
v " e ™ - .
cos p(sin A, — sin Ay,) cos ¢(sin A, — sin A,)

Adby

MOTY e M3PadyHaTu Cpellke a priori cTakba YACOBHMKA Kao NOCeluIa yTHLAja
CHCTEMATCKAX U CJYUYaJHUX CPEemaka KoopIUHATA 3Be3la.

3a wexn ¢uxtuBny luarepos map Ha cpeamoj mupunu ¢ = +45° yzehemo
3Beszle ca JeKIUHAuKjoM &, = b, = 35°. [lpu 3enutHo] nasuuu z =~ 40° Heka
asuMyT byae —A. = A, & 80° 3a 3Besie Jy)KHO O NMPBOT BEPTHKaAJa, OJHOCHO,
—A, = A, &~ 100° 3a 3Besme ceBepHO ol NpBOr BepTukaga. Heka je npu tome
NAPaJIAKTUUKM YTao ¢ = ¢u & 60°.

3aMEeHOM MpeTNOCTAB/LEHUX BPENHOCTU A3UMYyTa, NapalakKTUUKUX YTIoBa U
wupune y obpacny (1), nobuja ce

Au = % (Aae + Aay) — = (Ab, — Aby) . (2)

S | =

YomuTeHo raefaHo, 3Be3Ae Ha WCTUM AeKIMHALMjaMa UMajy JejHake cHcTe-
MaTCKe TpeHike: An, = Ay, = Aa u Ab, = Abd, = Ad. U3 Tora npousunasu
[a je cMCcTeMATCKa TPellka CTalkba YacoBHUKA MPUGINKHO jeJHaKa cCUCTeMAaTCKO)
rpeiiky peKTacHeH3nja 3a AATy AeKJIVHalujy napa

Aur Aa
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[Ipema BpemHocTuMa pazmuka FK5 — NFK 3Beznanux koopauvnata, 3a JeKin-

Hauujy +35° Hajgazumo ma je Aa = —03070, ogakae ciaeam
Au =~ —-05070.

Buaun, cBobemem Ha cucrem FKD nosoxaja 3eezma koje xopuctu C.II.
Bomkosuh 3a oapebuBamwa lIMHPepPOBOM MeTOAOM M KOjU Cy AATH Y CUCTEMY
NFK, crame yacoBHUKa ce Melba Npubiamkno 3a —05070 .

[Ito ce TUYe ciiydajHe CpEIIKe CTakba YACOBHMKA, y3 I0jedHOCTaB/LEIbE,
UMAMO

S U
- 2o i 72 .
Cu = E La+z E’é . (})
Osae je E, rpemika pexracuedsuje 3a § = 359, 1ok Je rpemka aekaunaumje B
HATA Y YACOBHO] MEpPH.

HpeMa noJganvmMa y peJIeBaHTHUM KaTaJO3MMa HAJA3UMO BPeIIHOCTU

— 3a cucrem FR5: E, = 405004 n EFs = 303002
- 3a cuctem NFK: F, = 03018 u £y = 203013

3

Ha ocrosu tora ce nobuja caydajHa CPelka CTakba YACOBHUMKA KOJa Je HoCJIe -
una cJydajHMX Tpemraka KOopIUHATA 3Be31a Yy AATOM Tapy:

— 3a cucteMm FRb: ¢,

+0:003
+05014

=

— 3a cuctem NFK: ¢, =

Mpenackom ca cuctema NFK koMme je paano bomkosubh, Ha cucrem FK5H

1 A} b

y YKyImHOM OyleTy clydajHUX Ppellaka ¢Taba YacOBHUKA, €0 KOJU Tpunaia
KOOpAMHATAMA 3Be3[a 3HAYA)HO Je CMarbeH.

3. CBOLEILE HIMPVHE HA CUCTEM FKb5

Y oampebupamuma mupune IljeBHoB/AEEBOM METOAOM MOJaBJBY]Y Ce HapOBU
3Be3la Koje cy onaxkaHe y BIM3MHU MepUAMjaHa, CUMETPUYHO Y OHOCY Ha MPBU
BepTuKad. Pacrojama og mepunnjana ce kpehy on 10¢ no 30° o azumyty. Jyxua
3Be3la y Hapy oOUMUHO Oyae 6iM3y eKBATOpA, JOK CeBepHA 3Be3Jla MOXKe 1a UMa
pekauHammjy +60° mo +80°. [Monazehu oa oBux noaaTaka u audepeHIN)ATHOD
obpacna uzsexeHor 3a [ljeBiosmeBy MeTOy

Ap— cos p(sin A, —sin A,,) Au 4

cos A, —cos A,

cos psin A cos psin A,
—_— Ay, —————— Aq,+ (4)
cos A, —cos A, cos Ay — cos A,
COS (s . COs ¢, !
—/—&M C S - Ab1lr b
cos A; —cos A, cos Ay — cos A,

szpauyHalieMo rpemnke mupuHe Kao 10CHEeJUILY TPeIlaka HOJOKA]a 3BE3IA.
3a ¢urtuban [ljeBloBmen map Ha WMpKIK ¢ = +45° yzeliemo JyskHy 3Besny
ca JHeKIuHaluMjoM 6, &~ +20¢ U ceBepHy 3Be3ny ca JAerkimHainjoM &, &~ +70°, oko
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ropiser oponasa. Heka je anyt Ay = 209 A, = 160 | a napagastuukd yrao
gs = 15% u q, = 1057,
Sasemyjyhn ¥ oOpacuy (4) Razinadete BpeJlHOCTH @3UMYTa, HAPAJAKTHUYKAX

Yriosa u mmpuHe 10buja ce

! oo Lo
A(;!%ZF; (;_\(':'S-—An“}—}—g Abe 4+ = Aby, . {5
7

;
Uopibu 3uak MCupe 3arpajie Bady it ffap Kaj je OTUKad Ha BOTOUHG) CTPAHN
geBa (IV v 11 kpagpaur), 4 20K 208K 38 Nap ga sanaano) erpaan vebGa (1 n 11
KBAAPQHT).

MaspauyHapamMo BpegHocT Ao Ha JekaMbannjasa 8, = +20° u 6, = +70° u
AoOmujaMo Aoy, == ~0795 u An,, = =3715. pecnerTrsho. Ouaropapajyhe pasnuxe
aeramuauja FRS u NFK nsnoce A, = +0712 u Ab, = +0706.

Tako HanasuMo rpeky Ay KOja jo HOCHeJMEa CUCTENATCKUY Pas3jinKka KaTa-
nora NFK u FK5. Csobewenm NFK o cuerem FKS a06mja ce, jaxite, nonpabka
mupuse

— 33 0ap Ha UCTory: Apx
- 3a nap Ha sanany: Ap x-+0.35

—y epempen joo Ap x +0707

QupMyny HO KOJO] C& HPOHSIhY]e YITUIA] CAYUAJIUY FPefiaka KoOpIAMHATA
3pesga Ha oape Dusama mmpuie aoiunjano cauvso kao u sa Luureposy meroay.
Heka rpentka pekTaciieH3nje 3a cepepiy 3Be3ay usnock 3L, riae je B, rpemka
EKBATOPCKE 3Be3Je. AKO o ppediocT [T, y3Me kao npubGamKia rpemka Jyxae
3Be3jle, olda je

Y | P R,
o~ & — I+ — 7. 6
€y g T e (6)

Rako je

- sa cnerenm FRS: E, = £0700 u s = +0703 -
~aa cuetenm NFR: 1, = 407238 w £y = £0720

Aofivja ce cydajHa Tpelika WUpUHe Kao TOCHedMIE CAYYajHiX Fpetiaka Koop-
JAAHATA 3Be3/la ¥ AATOM Dapy:

, L
— 3a cunerem FRD: e, = £0.02
. "
= 3a cuerem NFR: g, = £0.14
Mpenackom ta cucrem FRS, vy veyimoa Dygery cayuajuux rpeiaka mmpnie,
Aet KOJM IPUOaJa KOUDAMEATAMA 3Bel BUIHCCTPYKO €0 CMathy]e.

30



CBOBEE BOIIKOBUREBHUX ACTPOTEOLETCKHUX OAPEDHMBAILA HA CUCTEM FK5

4. CBOLEILE ASUMYTA HA CUCTEM FK5

3a pauyHame rpemke azumyTa noliu hemo oa ciaesehnx momaraka: nexnm-
Hammja Ceepmauve je nmpubmokHo 89°; 3a reorpadceky mupuHy oa 45° mweHa
3eHUTHa Aa/bUHA U3HOCU OKO 45%; azumyT Je npubmwkHo 178 — 179°; mapanak-
TUYKM yrao Heka ce kpehie y rpanuuama on 45° no 135°. Ako ca HaBeleHUM
BpeaHocTUMa yheMo y avdepediumjansn obpasalg
cosd cos &

cos ¢Au — sin Actg zAp — cos qAw +
sin z sin z s

AA =+

, W47y,
1T

1z

nobujamo cielgeliy mapasm 3a 3amnajHy nNojdoBuHy Heba:

l 1 1
AAxF— Aa+ A+ — Au— — Ap.
T50 60 60~
lopwu 3HaK Baxkn 3a ¢ & 45°, a noBU 3a ¢ = 135°. 3a ncToudy nonoBUHY Heba,
AKO CTABUMO (o = —{y, UMAaMO:

1 1 1
AAm Fe— Aa—Ab+ — Aut — Agp .
Fo0 2 50 AT g0 oF

SaneMmapyjyhy nocieama ABa YJIaHA Y OBUM U3Pa3MMa, MMamo ynpouheny
bopMy iy

]
AA~ F AaF AS .
Foo o F (8)

Fopwy 3nak ucnpen Aw Baxy ako je ¢ mamwe ox 90%. Dopmu 3Hak ucupen Ad
Baxk/ ako je (Cepepmada Ha UCTOYHO] XEMHUCPEPH.

C oBsupom aa Aa mae upnBmmxuo 10 +1° u AS upnGmokro mo —0.40
(u3 ynopebema ca BpenHocTuMma y bomkoBnhieBuM penykumMoHuM nucroBuMa),
HAJIA3MMO MOMPABKY a3UMyTa:

—0"65 < AA < +0765.

OBakBa BpeJHOCT ce n106uja Kao Mociendia pasinka nonokaja Cepepmave y
cuctemy FKb u cucremy NFK.

Y paszMaTpamy yTUllaja rpellaka Dojoxkaja 3Be3la, CJIydajHy CpPeEliKy as-
nmyTa oapebhyjemo nmpema hopMynu:

o

) 1 2 ) 1 2 1 :
2n [ — Ea Es’+ | — E, — B, .
Ea (60 ) +Es +(60 > +(60 “”)

C obsupoMm ma cy mnociegmpa ABA WIaHA Y OBO) (OPMYJIM NPAKTAYHO 3aHe-
MapJ/bMBU Yy OJHOCY Ha ClyuajHe Ipelike PeKTaclueH3uje M JekKIWHaluMje, OHa
MOXKe Ja ce IUIIe jeIHOCTABHUjE:

. 1 2
2 ~ | — Eu E 2
€4 (60 ) + L (9)
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CnyuajHa rpemka nonoxaja Cesepmave y cucremy FK5H 3a enoxy 1906.0
HM3HOCH
Ee=%00130 =%+ 1795 |, E;==+0702 ,
na ce 3a a3auMyT Hobuja

ea~+ 0704

Caydajra rpemxa nonoxaja CeBepmade y cuctemy NFK 3a noMenyty enoxy je
Ee=20509=x764 , Es=+0713 ,

[a je CAYJajHa I'peiika 3a a3uMyT
" .
£4 % 0.18

[Ipenackom Ha cucteMm FK5, nakine, ciaydajHa rpeika azuMyTa Kao TOCeIAHa
caydajue rpetke koopaunata Cepepmade takobe ce BUIHO cMamyje.

5. BAKJbYYAK

IMocne pauyHama yTHIA)Ja CUCTEMATCKUX TpeIIaKa a priori MOXKe ce 3a-
KAYUYATH Ja y pesynTtaTe ozpelMBama cTamka UACOBHMKA Y LEJOCTM yJiaiu
nonpaska pasHoanesuile NFK xaranora (—05050).

Pesynraru ogpebuBama mupuHe cy 3HATHO Memaj]y yBobemeM oBe nomnpagke
{oKO TpU feceTa JiydyHe CeKYHAe [0 ancodyTroj spenHoctu). Onaxkamem jen-
nakor 6poja [jeBlHoBBEBUX NapoBa Ha UCTOUYHO] U HA 3ANafHO] [OJOBUHU Heba
BEH YyTULA) ce aHYJIUpa M OCTajé caMo YTULA] CUCTEMATCKUX Pasiuka IeKIn-
HAUMja, IPBEHCTBEHO JY)KHUX 3Be3ZA.

Yrunaj Ha pesyiatate oapeljuBamba azsMMyTa 3aBUCHM 0Ol TOra Ha KOJoj ce
nonosueu Heba Hagazu CeBprada U 04 TOrA Ja JIM ce omarxka IIpe WIM Iocie
Hajselie aurpecuje.

to ce Tuue caydajHUX rpewiaka, BUAMMO Aa Ce Je0 KOjUu ToTude of
Tpellaka KoopAMHATa 3Be3la BUIICCTPYKO cMmamyje cBohemem Bomkosuhesux
actporeoaerckux oapebusama na FKH cucrem.
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THE BELGRADE Z-TERM FOR THE PERIOD 1949-1985
AFTER NEW REDUCTION OF BLZ LATITUDE DATA
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Abstract. The values of the parameters (the amplitude, the period and the phase) of the
annual and semiannual wobbles and the secular movement of the Z - term were computed
from the homogenised series of the Belgrade latitudes in the interval 1949 - 1985. The Bel-
grade latitude observations were made according to the Talcott method with ASKANIA
zenith - telescope (D=11 cm; F=128.7 cm).

The annual wobble of the Z - term is conspicuous, with the amplitude 0 " 041 found by
the Fourier transforms (DFT), but the semiannual one is with the amplitude 0 009 (DFT

also) and the secular movement is 0 " 0004 per year found by the least — square (LSQ)
method. These results are in good agreement with the results of the former analysis of the
Belgrade latitude data (Gruji¢, Djokié¢, Jovanovi¢ 1989) and with the new ones obtained by
independent analysis of BLZ data (Vondrak, Pesek, Ron, Cepek, 1998).

1. INTRODUCTION

The Belgrade latitude data were denoted by BLZ in the list of Bureau International
de 'Heure (BIH) and they were obtained by of two observation programs in the period
1949 - 1985 : the old one - OP (Djurkovié, Sevarli¢, Brki¢ 1951), until the end of 1960,
and the new one - NP (Sevarli¢ and Teleki 1960), from the beginning of 1960 and
onwards.

The BLZ data were reduced to the FK5 reference frame during the new reduction
(Damljanovié, Pejovié 1995) by using the PPM Star Catalogue (Réser and Bastian
1991) and in line with MERIT standards (Melbourne et al. 1983). The analysis of
the BLZ latitudes was necessary because of some systematic instrumental, personal,
refraction and star position errors. Then, the systematic errors were removed from
the data if they were confidently determined (Damljanovié 1994, 1995).

The raw Belgrade latitudes were averaged by using the "normal points” (the aver-
age values of 49-58 Talcott pair latitudes) to get approximately equal weights points
suitable for interpolation by the cubic spline method to obtain the equidistant data
(the lag was 0.1 yr and the total number N = 369 of the latitude data ).
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2. CALCULATION OF THE Z - TERM

The values of Z - term were calculated by using the relation {Kulikov 1962)

p=p, +ADp+ 72

where: ¢ are the equidistant Belgrade latitude values with the lag 0.1 yr,

v, are the values of the mean Belgrade latitude, with the lag 0.1 yr, obtained
by applying Vondrak (V) method of smoothing the values ¢ with the parameter of
smoothing (Vondrak 1969, 1977) ¢ = 10712

A are the values of the latitude changes, for the BLZ point and with the lag
0.1 yr, from the international data by using Kostinski formula (Kulikov 1962) Ay =
xcos Aprz +ysin Agrz, with the BLZ longitude Agrz = 339.°5 (in W direction from
the zero - meridian) and the coordinates of the instant pole (z,y) of the Earth’s
rotation (ILS and BIH, in this case).

The linear trend was removed from ¢,.

The necessary changes of x - coordinate in ILS data were introduced in line with
BIH (1978) to bring (z,y) into the quasi 1979 BIH system of the coordinates of the
pole. We used (2, y) from the ILS series (Yumi and Yokoyama 1980) for the period
1949.0 - 1962.0 and from the BIH or IERS (1993) for the period 1962.0 - 1986.0. The
IERS (1993} series of (z, y) are in the systemn which is close to those of the 1979 BIH
one and the BIH Terrestrial System - BTS (BIH 1984).

3. THE SECULAR CHANGES OF THE Z - TERM

The LSQ method was used. The equation of condition was

7 = a+ b(T = 67.5)

where a, b were unknown, and T was the year minus 1900 . The linear trend of the
Z - term was

b=+0"0004/yr £+ 0" 0007/yr

meaning that b is in accordance with the value 0 7 041/cy (which is the secular
trend of BLZ latitude due to tectonic EURA plate motion) calculated from NUVEL -
1 NNR geophysical model (Vondrak et al. 1998). This linear trend was removed from
the Z - term values to prepare the data in applying the DFT for the spectral analysis.

4. THE ANNUAL AND SEMIANNUAL
VARIATIONS OF THE Z - TERM

In Fig. 1. the curves of the BLZ latitude variation during the year is presented. It is
evident that Z - term contains the seasonal component. There are some discrepancies
between the OP and NP curves, also.

An analogous curve in the paper of Gruji¢ (1975) displays an amplitude about
three times grater than this one.
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Fig. 1. The seasonal variations of the Z - term
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After applying DFT miethod to the values of the Z - term the amplitude peri-
odogram of the Z - term was derived (see Fig. 2.) the form of the harmonic expression
being

Z =+0"043+0" 041 cos(t —41.°3)+ 0" 009 cos(2t — 190.°1),

where ¢ is the time (in degrees, lyr = 360"}, for the annual wobble {Pa = 1.00yr)
and semiannual one (Ps = 0.51yr). The epoch of the phases was 1949.1 yr, and the
white noise correction AA was removed from the amnplitudes 4 (but in Fig. 2. AA
was not removed from A).

The standard deviation of the residuals (the Z - term minus the secular term and
two mentioned periodicities) was oy = 0 07. The amplitude standard deviation, the
phase and the white noise correction to the amplitude were computed as follows:

[4 — "
Ts = 0y %:0003

e 0y OO 2
op 2 57.°296— 1/ —
F AVN

AA = ooy /-7;-— = 0" 006,

where the values of op of the annual and the semiannual terims were 5.8 and 18.°5
respectively.

From Fig. 2. evident is the annual peak of the Z - term of BLZ data but the
semiannual one is neglected. The value of the amplitade of this annual wobble (0 "
041) is in line with the values of the coefficients b and ¢ (b= 0" 038, c = —0 " 014) of
the BIH function S(T) for BLZ data {7 1s in years) from the paper of Vondrak et al.
(1998). 1t is the same for the semiannual wobble (07 009) and the BLZ coefficients d
and e (d=10"002, c = =0 " 020) of the S(T). In the paper of Vondrik et al. (1998)
the BLZ data are re—calculated into the Hipparcos system and the Earth orientation
parameters are done in the YCRS based on the HIPPARCOS reference frame. Our
own new reduction of the BLZ data (Dauljanovié 1994, 1995) is in the FKD reference
frame and the MERIT Standards, using the PPM Star Catalogue, and in our case
the S(T') describes the systematic discrepancies (Feissel 1972) between our BLZ series
and the quasi system 1979 BIH (we calculated b=0"04,¢=0"03,d=0"01 and
e = —0" 01). Our values of the coeflicients b, d and e are in accordance with the ones
from the paper (Vondrak et al. 1998), the exception is the value of the coefficient c.

These results are in accordance with that ones from the paper (Gruji¢, Djokid,
Jovanovié 1989) where the former analysis of the BLZ data was done.

The results of the amplitudes and the phases of the annual (4, and F,) and the
sermiannual {A; and Fy) periodicities (of the Z - term) obtained by applying L5SQ
miethod on the independent three years subintervals of the BLZ data are presented in
Table 1.

36



THE BELGRADE Z-TERM FOR THE PERIOD 1949-1985 AFPTER NEW ...

Table 1. The values of the amplitudes and the phases of the annual (A4, and F,)
and the semiannual (A; and Fy) wobbles obtained by LSQ on the independent BLZ

three years subintervals

subint. Aa F, A, F
(1900+) () ) ) )
1 49.1-52.0 0.0270 90.3 0.0477 167.1
2 52.1-55.0 0.0467 55.3 0.0145 208.9
3 55.1-58.0 0.0699 81.8 0.0214 13.6
4 58.1-61.0 0.0449 44.2 0.0290 3247
5 61.1-64.0 0.0778 24.5 0.0457 12.9
6 64.1-67.0 0.0385 2.4 0.0082 359.5
7 67.1-70.0 0.0343 20.6 0.0133 203.9
8 70.1-73.0 0.0761 43.3 0.0238 168.7
9 73.1-76.0 0.0575 346 0.0093 230.2
10 76.1-79.0 0.0481 18.5 0.0028 223.6
11 79.1-82.0 0.0506 46.5 0.0074 3.2
12 82.1-85.0 0.0387 38.0 0.0059 22.7
mean
value 0.0508 £ 0.0047 | 41.7+£7.3 | 0.0191+£0.0043 | 161.6 £ 35.6

The epoch of the phases is 1949.0 yr.

It is evident that A, increases during OP, mostly stable during NP {exempt during
the subintervals 1961.1 - 1964.0 and 1970.1 - 1973.0), and successively decreases after
1970.1 . At the other hand, F; is mostly stable. The semiannual amplitude A; mostly
decreases (exempt for the subintervals 1961.1 - 1964.0 and 1970.1 - 1973.0, as in the
case of A,), and the values of A, are small after 1973.1 . The semiannual phase F; is
very changeable.

The LS5Q results are in good agreement with the DFT ones.

The same method (LSQ) on the independent BLZ six years subintervals gives the
results presented in Table 2. The epoch of the phases is 1949.0 yr, also. The LSQ
results presented in Table 2. are in good agreement with the DFT ones, too.

Table 2. The values of the ainplitudes and the phases of the annual (4, and F,)
and the semiannual (A; and F) wobbles obtained by LSQ on the independent BLZ
six years subintervals

subint.

Aq

Fa

A

F

(1900+) @) ) 0) )

I 49.1-55.0 0.0353 68.0 0.0297 176.5

2 95.1-61.0 0.0545H 67.2 0.0230 345.2

3 61.1-67.0 0.0572 17.2 0.0269 10.9

4 67.1-73.0 0.0543 36.3 0.0178 181.1

5 73.1-79.0 0.0523 27.3 0.0061 2287

6 79.1-85.0 0.0446 42.8 0.0066 11.8
mean
value 0.04974 0.0034 | 43.14£8.5 | 0.0184 4 0.0041 | 159.04+52.9
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5. CONCLUSION

The more detailed discussion will be given elsewhere {Damjanovi¢ and Pejovié, 2000)
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1. RAD MILUTINA MILANKOVICA U ASTRONOMIJI

Milutin Milankovié (Dalj, 28.V.1879 - Beograd, 12.X11.1958) je u istoriju nauke usao
kac ¢ovek koji je objasnio pojavu ledenih doba, sporim promenama u osunéavanju
Zemlje usled razlic¢itih uticaja usled kojih se menja nagib Zemljine ose i karakteris-
tike njenog kretanja oko Sunca. Milankovié je rastumadéio 1 istoriju klime na Zemlji
1 drugim planetama i tvorac je matematicke teorije klime i teorije o pomeranju
Zemljinih polova. Unapredio je nebesku mehaniku u koju je uveo vektorski raéun
a dao je 1 nekoliko originalnih doprinosa reSavanju problema tri tela, sto je detaljno
analizirano u radovima Popovida (1979ab). Bavio se i pitanjem reforme kalendara,
predlozivsi njegovo poboljSanje. Milankovié od 1909. godine predaje astronomske
sadrzaje na Beogradskom Univerzitetn (vidi na primer Dimitrijevié, 1997b). Napisao
je udibenike za fakultet Nebeska mehanika (Milankovié, 1935), Istorija astronomske
nauke od njenih pocetaka do 1727. (Milankovié, 1948a) i Astronomska teorija kli-
matskih promena 1 njena primena u geofizici (Milankovié, 1948b), pri éemu je zadnji
namenjen postdiplomcima doktorantima. Milankovié je dao zna¢ajan doprinos i pop-
ularizaciji astronomije i njegova knjiga Kroz vasionu 1 vekove doZivela je vise izdanja
(Milankovié, 1926a, 1927, 1928ab, 1936, 1939a, 1943, 1944, 1952, 1979¢, 1997¢).

Milankovié¢ je dao veliki doprinos organizaciji astronomije u nasoj zemlji. Go-
dine 1925., on je u grupi profesora Filozofskog fakulteta u Beogradu predvodjenoj
Miskoviéem, koja je 30. aprila (Indjié, 1997) povela akciju za izgradnju nove As-
tronomske opservatorije u Beogradu. Od 1933. do 1940. godine, Milankovié je élan
ispitne kornisije za polaganje drzavnog ispita za osoblje Astronomske opservatorije u
Beogradu za predmet - Nebeska mehanika. Od 1936. do 1939. godine on je predsednik
prvog Nacionalnog komiteta za astronomiju, uz pomoé koga je Jugoslavija postala
¢lan Medjunarodne astronomske unije. Na godisnjoj skupstini Jugoslovenskog as-
tronomskog drustva (Danas Astronomsko drustvo ”Rudjer Boskovié”), odrianoj 21.
Januara 1940. izabran je za pocasnog ¢lana na predlog Stjepana Mohorovidi¢a i Vo-
Jislava Gruji¢a. Za pocasnog ¢lana Astronomskog drustva ” Rudjer Boskovié, ponovo
je izabran 22. februara 1953. Na Kongresu Medjunarodne astronomske unije 1948. u
Cirihu, izabran je za ¢lana Komisije 7 za Nebesku mehaniku, koja je tada obnovljena
posle ukidanja 1932. godine. Kada je maja 1948. godine prihvaéena ostavka Vojislava
Miskovica na polozaj direktora, za direktora Opservatorije biva imenovan akademik
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Milutin Milankovié. On je honorarni direktor Opservatorije do 27. januara 1951. kada
postaje direktor sa punim radnim vremenom i na ovomn polozaju ostaje do 26. juna
1951. Predsednik Naucnog saveta Opservatorije ostaje do marta 1954. godine. Rad
Milutina Milankoviéa kao direktora Astronomske opservatorije, detaljno je analiziran
u radu Popoviéa i Dimitrijeviéa (1999). Godine 1949., 26. oktobra izabran je za ¢lana
naucnog saveta Astronomsko - Numerickog instituta Srpske akademije nauka.

2. KANON OSUNCAVANJA ZEMLJE

Astronomskim uzrocima klimatskih promena i matematickom teorijjom klime Mi-
lankovié pocinje da se bavi u Beogradu pa 1912. objavljuje Prilog teoriji matematicke
klime (Milankovié, 1912b), 1913. O primen: matematicke teorije sprovodjenja toplote
na probleme kosmicke fizike (Milankovié, 1913), a 1916. Ispitivanja o klimi plan-
ete Mars (Milankovié, 1916). U Théorie mathématique des phénoménes thérmiques
produits par la radiation solaire (Matematicka teorija toplotnih pojava izazvanih
Sunéevim zracenjem) (Milankovié, 1920), Milankovié razvija teoriju zasnovanu na
principima Nebeske mehanike i Teorijske fizike, koja objasnjava raspodelu Sunéevog
zracenja u medjuplanetarnom prostoru i na povrsinama planeta. On takodje pokazuje
vezu izmedju osuncéavanja i temperature planetarnih slojeva 1 pokazuje dnevnu, go-
dignju 1 vekovnu promenu osunéavanja.

Godine 1926. objavljuje naucni rad Ispilivanje o termickoy konstituciyi planetskih
atmosfera (Milankovié, 1926). U ovim radovima on je posebnu paznju posvetio klimi
planete Mars 1 utvrdio da je na ovoj planeti srednja godisnja temperatura minus 17
Celzijusovih stepeni. Njegova istrazivanja klime Marsa kao 1 predvidjanja da na ovoj
planeti nema visokorazvijenog zivota, potvrdila su moderna kosmicka istrazivanja.
U vezi sa istrazivanjem Marsa, nauéni radovi Milankoviéa su kori§éeni u nauénim
istraZivanjima 1 raspravama o tetnoj vodi na Marsu (Hoffert et al., 1981), o kori
i atmosferi Marsa (Miyamoto, 1966), o povrdinskoj temperaturi i klimi na Marsu
(Gifford, 1956), kao 1 o astronomskoj teoriji o klimatskim promenama na Marsu (Toon
et al., 1980).

U Kanonu Milankovié je objedinio rezultate svojih dugogodisnjih istraZivanja u
kojima je pokazao da su dugoperiodi¢ne cikli¢ne promene klime na Zemlji i pojava
ledenih doba, posledica sledeéa tri uzroka:

(a) Promene nagiba Zemljine ose izmedju 229 i 24.5° sa periodom od 41,000 godinu,
usled cega se menjaju uslovi osun¢avanja na nekoj izabranoj tacki na Zemlji.

(b) Promena ekscentri¢nosti Zemljine putanje oko Sunca sa periodom od 100,000
godina usled éega se menja udaljenost Zemlje od Sunca $to ima uticaj i na trajanje
godidnjih doba.

(c) Precesija usled koje se tacka zimskog solsticija pomera duiz prividne godisnje
Sunéeve putanje, sto utie na duzinu trajanja godidnjih doba sa periodom od 22,000
godina.

Da bi razresio problem pojave ledenih doba u kvartaru, Milankovié¢ 1932. godine
dolazi do svoje éuvene diferencijalne jednaédine kretanja Zemljinih polova. On nalazi
da se pre oko 300 miliona godina Severni pol nalazio u Tihom okeanu na geografskoj
girini od 20° i duzini od 168°. I danas Severni pol se kreée prema svon ravnoteZznom
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krajnjem polozaju u Sibiru, blizu mesta gde reka Pecora utice u Severni ledeni okean
(Milankovié, 1933a-d; 1934ab).

Najznaéajnije delo Milutina Milankovica je Kanon der Erdbestrahlung und seine
Anwendung auf das Eiszeilenproblem (Kanon osunfavanja Zemlje i njegovog uticaja
na problem ledenth doba) (Milankovié, 1941). To je njegovo kapitalno nauéno delo,
monografija koja ukljucuje rezultate istrazivanja, koji su prethodno bili publikovani
u 28 nauénih radova. U ovoj monografiji ti rezultati su sakupljeni u celinu, zajedno
sa novim analizama 1 dodacima i sa brojnim primerima i primenama njegove teorije.
U ovom kapitalnom delu Milankovié¢ daje matematicku teoriju klime Zemlje (koja
se moze primeniti 1 na druge planete), objasnjava poreklo ledenih doba i daje svoju
teoriju pomeranja Zemljinih polova. Kanon je Milankovi¢ poceo da pise 30. marta
1939. a zavrsio ga je u prvoj polovini februara 1941. (Indjié, 1997).

Dimitrijevié (1997a) daje rezultat istraZivanja prisustva Milankoviéevog Kanona
u Indeksu citata u periodu 1946. - 1996. U ovom periodu nadjeno je 253 referenci
koje citiraju Kanon. Analizom raspodele citiranja Kanona po godinama, izveden je
zaklju¢ak da je ovo jedinstveno delo, éjja citiranost ne opada sa godinama nego raste
ili ostaje konstantna. Tako se u periodu od 1945. do 1960. Kanon citira 5 puta. U
periodu od 1961. do 1975. godine jedan do dva puta godidnje s tim Sto 1964.1 1971.
nije zabelezen u Indeksu citata, 1961. se citira tri puta, a 1966. Sest puta. Prvi skok
u citiranosti je verovatno povezan sa zavrsetkom Americkog CLIMAP (Climate Long
Range Investigation, Mapping and Prediction) projekta 1976. godine (Hays, Imbrie
1 Shackleton, 1976). Povecanju citiranosti u to vreme svakako je doprinela i pojava
engleskog izdanja Kanona (Milankovié, 1969). Posle blagog porasta (1976. pet puta,
1977. tri puta), 1978. nastaje skok na osamn citata i u periodu od 1978. do 1990. Kanon
se citira od sest do 12 puta godisnje. Godine 1991., dolazi opet do skoka, Kanon je
citiran 19 puta; 1992., 17 puta; 1993., 19 puta; 1994., 13 puta; 1995., 14 puta i 1996.,
14 puta. Ovaj drugi skok u citiranosti verovatno je povezan sa radjanjem nove nauéne
discipline - ciklostratigrafije, koja je zasnovana na Milankovié¢evoj krivoj osun¢avanja.
Prvi medjunarodni kongres posveéen novoj nauénoj oblasti bio je u Perudji 1988.
godine.

U Indeksu nauénih citata objavljenom u periodu 1946 - 1996, Dimitrijevié (1997a)
je pronasao 522 citata Milutina Milankoviéa. Oni se odnose na 17 ¢lanaka 1 knjiga a u
tri slu¢aja citiranje je indirektno. Osim kanona za koji je nadjeno 253 citata, nauéni
radovi Milankovié (1920), Milankovié (1930ab) i Milankovi¢ (1938ab; 1939d) imaju
46, 135 1 37 citata. Ovi ¢lanci su blisko povezani sa matematickom teortijom klime 1
njihovi rezultati su ukljuéeni u Kanon, kao i rezultati drugih radova (Milankovié, 1923;
Milankovié, 1931; Milankovié, 1933d) citiranih (prema SCI) u neposrednoj vezi sa
astronomskim problemima. Astronomski problemi u vezi sa kojima se koristi ova grupa
radova su na primer: promene klime u kosmickoj perspektivi (Opik, 1965, 1966; van
den Heuve, 1966), masena spektrometrija u kosmohemiji (Delaeter, 1990), sekularne
promene u zvezdanoj strukturi i ledena doba (Opik, 1950), Suncevi neutrini 1 promene
sjaja Sunca (Ulrich, 1975), fundamentalni astronomski sistem (Fleckenstein, 1953},
stabilnost Sunéevog sistema (Kopal, 1980)...

Napominjem da se pojavom Indeksa citata (Science Citation Index - SCI), koji
danas naroéito u prirodnim naukama obuhvata najznacajniju literaturu koja izlazi
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u svetu, razvio Metod indeksa citata za istrazivanje nauénog stvaralastva i njegovog
znacaja. U mnogobrojnim analizama, pokazano je (Hajtun, 1993), da je broj citata
indikator kvaliteta nauénog rada. njegove vrednosti, znacaja, koristii vaznosti. Metod
Indeksa citata interesantan je 1 za istoricare nauke, da bi identitikovali najznacajnije
autore, dela, kao 1 razli¢ite formalne 1 neformalne grupe. On je takodje indikator
indwidualnog doprinosa nauct pojedinog naucnika i1 njegovog prestiza. Osim toga,
podacl o citiranosti ukazuju na radove, koje smatraju vaznim oni nauénici koji su
upravo aktivni u dato] nauénoj oblasti (Garfield, Welljams-Dorof, 1992).

Broj od 253 citata u razmatranom periodu (1946 - 1996), identifikuje Kanon kao na-
jeitiranije (u bazi podataka Indeksa citata) pojedinaéno delo iz astronomije, kod Srba
(Dimitrijevié, 1996). Osim toga utvrdjeno da su su znacajuna dela staryjih nauénika
manje citirana od savremenih dela iste takve vaznosti, s obziromn da se broj citata
jednog dela u proseku smanjuje sa godinama a nauka se tako razvija da sa vre-
menom broj naucnika pa samim tim 1 verovatnoéa citiranja raste. Ako uzmemo u
obzir ¢injenicu da je Kanon napisan 1 objavljen pre drugog svetskog rata, mozemo
zakljuciti 1 da je to najcitiranije u medjunarodno) nauénoj javnosti pojedinatno delo
(prema Indeksu citata), koje je do poéetka perioda obuhvaéenog Indeksom citata
(1946.) objavljeno kod Srba 1 od strane Srba u nauct u celini. Godine 1997, Kanon je
objavljen na srpskom jeziku (Milankovié, 1997a).

3. NEBESKA MEHANIKA

Ministar prosvete 1 crkvenih poslova Ljubh. Stojanovié potpisuje 9 septembra 1909,
godine ukaz o postavljenju Milutina Milankoviéa, koji je radio kao vidi inZenjer u pre-
duzeén Betonbau - Unternehmung Pittel und Brausewetter u Becu, za vanrednog pro-
fesora primenjene matematike, koju su Cinile racionalna mehanika, nebeska mehanika
1 teorijska fizika. Tako Milankovié dolazi u Srbiju u Beograd i zapolinje univerzitet-
sku karijeru. Predavanja drzi u ciklusitna od Sest semestara pri éemu je nebeskoj
mehanici pripadao nepun semestar. On se bavi 1 nauénim istrazivanjem u oblasti
nebeske mehanike a dobijene rezultate objavljuje u radovima Osobine krelanja u jed-
nom specijaliziranom problemu triju tela (Milankovié, 1910), O opstim integralima
problema n tela (Milankovié, 1911), O kinematickoj simelryt ¢ njenoy priment na
kvalitativna reSenja problema dinamike (Milankovié, 1912a). Za redovnog profesora
primenjene matematike izabran je 29 septembra 1919. godine a od skolske 1920/21.
godine predaje samo teorijsku fiziku i nebesku mehaniku, a racionalnu mehaniku
prepusta Antonu Bilimovidu, bivSsem profesoru Univerziteta u Odesi. Zahvaljujuéi
uvodjenju vektorskih metoda, ova predavanja bila su modernija nego na nekim zapad-
nim univerzitetima. Posle okupacije nase zemlje, ostaje na Univerzitetu do poslednje
sednice fakultetskog odbora 19. oktobra 1941., posle koje zajedno sa celokupnim os-
obljem Univerziteta biva stavljen na raspolaganje. Od 6 marta 1942. postavljen je za
redovnog profesora Filosofskog fakulteta Univerziteta u Beogradu na katedri za teon-
jsku 1 primenjenu matematiku za predmete astronomija i nebeska mehanika. Posle
drugog svetskog rata nastavlja da predaje nebesku mehaniku na Beogradskom fakul-
tetu kao poseban predmet sa fondom ¢asova 2 + 0. Osim toga, jedan semestar kursa
nebeske mehanike koristio je za obradu istorije astronornije, tako da su studenti ove
dve nauéne discipline polagali kao jedan predmet (Andjelié, 1977).
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Nebesku mehaniku, koja je predstavljala udzbenik .a ovaj predmet (Milankovié,
1935), je zapoceo prema pedantnim beleskama koje je vodio, 20 jula 1934. godine
a zavrsio je 14 januara 1935 (Indjié, 1993). Zahvaljujuéi tome $to je medju prvima
u svetu za izlaganje nebeske mehanike koristio metode vektorskog racuna on je "u
najmanju ruku tri puta saZeo , skratio, uprostio i uéinio oéiglednijom, za §ta je dobio
iinostrana priznanja” (Sevarlié, 1979; B. S. (Sevarli¢), 1980; Popovi¢, 1979ab). Umesto
Sest brojéanih elemenata koji su do tada sluzili za odredjivanje eliptickih putanja
nebeskih tela u Suncevom sistemu, on uvodi dva vektora ”¢ime je znatno uprostio i
uéinio elegantnijim sva resenja u ovoj oblasti” (gevarlié, 1979).

Predratno izdanje Nebeske mehanike Milankovié je sazeo 1 pod naslovom Osnovi
nebeske mehanike objavio 1947. godine kao udzbenik za taj predmet (Milankovié,
1947). U ovom skradenom izdanju iznet je deo nebeske mehanike koji se bavi kre-
tanjem planeta i njegovim sekularnim poremecdajima. Osim toga, koristedl rezultate
svoga rada O upolrebi vekiorskih elemenata u radunu planetskih poremedéaja (Mi-
lankovié, 1939bc) i Kanona (Milankovié, 1941) dolazi do "glavnih stavova izloZene
teorije kradim 1 preglednijim putem nego sto je to drugde ucinjeno” (Milankovié,
1947, predgovor). Ovaj njegov rad naSao je Siroku primenu u astronomiji 1 citiran je
vise puta (Musen, 1947, 1948, 1961, 1966; Fleckenstein, 1952; Allan 1 Ward, 1963; De-
prit, 1975; Hestenes, 1983; Bartnik et al. 1988) u vezi sa problemom tri tela u slu¢aju
planeta i zvezda, ispitivanjem planetarnih putanja i istrazivanjem kretanja vestackih
satelita. Drugo izdanje objavljeno je 1955. godine (Milankovié, 1955a), trede 1980.
godine (Milankovié¢, 1980}, povodom stogodisnjice njegovog rodjenja, 1978. godine a
tetvrio 1988. (Milankovié, 1988). Pored toga godine 1977. objavljeno je kompletno
predratno izdanje (Milankovié, 1997b).

4. ISTORIJA I POPULARIZACIJA ASTRONOMLIJE

Interes za istoriju nauke pojavio se kod Milankoviéa jos za vreme njegovog boravka
u Bedu. U svojim Uspomenama, doZivljajima ¢ saznanjima (Milankovié, 1979b) on
isti¢e "da se svaka nauka moZe samo onda u potpunosti shvatiti kada se upozna njen
postanak 1 postepeni razvitak” i opisuje kako se u njemu ”zacela misao da je istorija
nauka najvelicanstveniji deo cele istorije covedanstva” (Muzijevié, 1979), kao i ljubav
prema takvoj istoriji. Milankovié je &itao, proucavao i sakupljao dela iz istorije nauke i
tehnike 1 to sistematski sa stra§éu kolekcionara. Kao profesor univerziteta pobrinuo se
da biblioteka seminara za matematiku a i biblioteka Astronomske opservatorije ” pruzi
jasan pregled istorijskog razvitka tih nauka” (Miankovié, 1979b). U svojoj knjizi
Tehnika u toku davnih vekova (Milankovié, 1955b) on sa Zaljenjem konstatuje da ”dok
bi dela svetske istorije napunila veliku biblioteku, najvaznija dela istorije matematike,
astronomije 1 fizike mogu se smestiti u makojoj liénoj biblioteci”. Za razliku od svetske
istorije, prema Milankoviéu u istoriji nauke umesto naslednih vladara, glavnu ulogu
igraju oni koji su svoje mesto u istoriji osvojili snagom svoga duha i napominje da se
"vredelo upoznati izblize sa njimal! Zato se moja li¢na biblioteka iz godine u godinu
obogadivala delima iz istorije egzaktnih ll?ll\lka i njihovih primena” (Milankovié, 1953
uvod).

Istorija astronomije objavljena je 1948. godine (Milankovi¢, 1948a) njeno drugo
izdanje 1954. (Milankovié, 1954) a trece 1979., takodje povodoimn stogodisnjice rodjenja
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19758, godine (Milankovié, 1979a}. Osim toga, ova knjiga je prevedena 1 na slovenacki
Jezik 1 objavljena u Ljubljani 1951, godine. {Milankovié, 1951), a objaviena je 1 1997.
godine (Milankovié, 1997h).

Knjigu Istorija astronomske nauke od njenth pocéetaka do 1727., koja je bila udz-
benik za istorijju astronomije, pocinje da pide krajem novembra 1946., rukopis je
pripremljen za Stampu 19 septembra 1947, godine a knjiga je Stampana 1948, go-
dine. U ovoj zamimlbjivo] i veoma lepo dokwnentovanoj knjizi, obuhvatio je period od
prvih poéetaka astronomske nauke pa do Njutnove sinrti 1727, godine. Pri tome, on u
ovome delu daje 1 svo) originalni nauéni doprinos, "kao $to je na primer ragéiséavanje
uloge Aristarha u razvoju heliocentri¢ne mish il dokaz da je Apolonije stvorio svoju
znamenitu teoriju epicikala polazedi od heliocentrizma, a ne od geocentrizma, kao
§to se pre njega smatralo” (Sevarli¢, 1979). U svome prikazu B. Sevarlié (1980a)
kaze: ”Knjiga po svojim kvalitetima, predstavlja malo remek-delo, pravi spomenik
Milankovicevog nastavnog 1 naufnog rada koje studenti sa velikim interesovanjem
proradjuju. No knjiga daleko prevazilazi udzbenicke okvire i predstavija pravu poslas-
ticu za sve ljubitelje astronomije” Njegova Zelja izraZena u predgovoru "da jednim
kasnijim delom, obulivati u siren: obitnu celokupnu istoriju astronomije”, ostala je na
zalost neostvarena.

Svoje remek delo u oblasti popularizacije astronomske nauke, knjigu Aroz vasionu
i vekove {Milaunkovié, 1928b), Milankovié je pofeo da pige u leto 1925, godine u Aus-
tryt. U periodu od 1926, do 1928, godine objavljivao ga je u nastaveima u Letopisu
Matice srpske (Milankovié, 1926a, 1927, 1928a) a kao knjigu je objavie 1928, (Mi-
lankovié, 1928b). Godine 1936. knjigu je preveo na nemacki pri éemu je preradio i
znatno prosirio tekst {(Milankovic, 1936), a drugo nemacko izdanje izaslo je u La-
jpeigu 1939, (Milankovié, 1939a). Znatno prosireno srpsko izdanje izlazi 1943. (Mi-
lankovié, 1943), a ova knjiga je ponovo izdavana jos ¢etiri puta {Milankovié, 1944,
1952, 1979¢, 1997¢). Pojedina pisma iz knjige Kroz vasionu i vekove Milankovié je ob-
javljivao u Politici (19. XII 1928), Deutsche Algemeine Zeitung (2. XII 1936), Aach-
ener Anzeiger u. Politisches Tageblatt (20. X 1936), Wolfenbiitteler Zeitung (9. X
1936), Das Weltall (1936, Vol. 37, No 4). Berwardsblatt (1937, No 22), Kasseler Post
(1. VI 1937), Mitteldeutsche National Zeitung (23. V 1837), Osteroder Zeitung (25.
V 1937), Saarbriicker Landes Zeitung (21. V 1937) Scwerter Zeitung (7. VI 1937),
Sonntagsbeilage der Nordhauser Zeitung (5. VI 1937), Der Westen (13. VI 1937), Al-
tonaer Nachrichten (17. III 1937}, kao i u ¢asopisima Saturn (1938, Vol. IV, Nos. 1,
21 3}, Proteus (Ljubljana, 1940, VI, Nos. 2/3, 4/5, 1941, VII1, No 9} i u almanahu
nauéne fantastike Andromeda (1978, No 3). Ova zanimljivo pisana knjiga u obliku
pisama sa obiljem podataka o istoriji astronomije i problemima ove nauke, verovatno
je nasa najvise objavljivana knjiga iz oblasti popularizacije nauke.

5. KALENDAR

Jedan od najvaznijih zadataka astronomije u proslosti bio je praéenje perioda izmene
godisujih doba, zbog njegove izuzetne vaznosti za covekovu delatnost. Ciklus izmene
godignjith doba definisan jednin: obrtajem Zemlje oko Sunca (precizno refeno period
izmedju dva prolaska prividnog lika Sunca kroz prolednu ili gama tatku za vreme
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uzastopnih proleénih ravnodnevica) naziva se tropska godina i iznosi 365,2422 dana.
Kalendar je sistem po kome se tropska godina deli na dane, nedelje i mesece. Glavna
teskoéa je u tome §to kalendar mora imati ceo broj dana, a tropska godina ih nema.
Zato se nastoji da pravila za kalendar dovedu do toga da u duzem nizu godina kalen-
darska godina bude u proseku sto bliza tropskoj.

Jos starlt Egipéani su zapazili da je godina od 365 dana, koja je primenjivana u
Mesopotamiji suvise kratka. Svake éetiri godine razlika poraste za gotovo jedan dan.
Ova neusaglagenost ispravljena je Kanopskim ediktom 238. godine pre n.e. tako $to
je svaka ¢etvrta godina odredjena kao prestupna pa ima jedan dan vide t.j. 366 dana.
Prema savetu astronoma Sozigena ovaj kalendar je u Rimu uveo Julije Cezar 46.
godine pre n.e., pa se po njemu takav kalendar naziva Julijanski. Prestupne godine
su definisane jednostavnim matemati¢kim pravilom, to su one koje su deljive sa 4.
Po julijanskom kalendaru, godina u éetvorogodisnjem proseku traje 365,25 dana t.).
nesto je duza od tropske, pa kasni za promenom godidnjih doba. Ona se od tropske
razlikuje za 0.0078 dana. Razlika od | dan nakupi se za 128 godina. Zato se pocetak
kalendarske godine morao s vrermena na vreme podesavati, kao sto je to uradjeno na
koncilu u Nikeji 325. godine.

Papa Grgur XIII uveo je 1582. godine kalendar prilagodjeniji tropskoj godini na
savet astronoma Lilioa. Ovaj kalendar dobio je e gregorijanski. Lilio je predlozio
da se u roku od 400. godina tri prestupne gndine nretvore u obiéne. Tako je nostavio
pravilo da nisu prestupne godine kojiina se zavréavaju stoleda a koje itnaju dve nule
na kraju, osim ako su deljive sa 400. To znacl da na primer u prvih 400 godina
jednog milenijuma nisu prestupne godine koje se zavrsavaju na 100, 200 i 300. Sada
kalendarska godina traje 365,2425 dana pa Je od tropske duza za 0.0003 dana. Ta ce
razlika narasti na jedan dan tek nakon 3000 godina.

Na saboru pravoslavne erkve u Carigradu, 1923. godine, dat je predlog koji je srpski
astronom Milutin Milankovié¢ (Milankovié, 1997d) razradio zajedno sa profesorom
Trpkoviéem, jos tacniji nego 8o je to gregorijanski kalendar. Uriesto 3 dana u 4 stoleéa,
treba oduzeti 7 dana u 9 stoleéa il 0.0077 dana po godini. To znaci da bi samo 2 od 9
godina kojima se zavrsavaju stoleéa bile prestupne. Pravilo je da su prestupne godine
koje se zavrsavaju sa dve nule samo ako broj vekova koji sadrZe podeljen sa 9 daje
ostatak 2 ili 6. Na primer 2000. godina kojom se zavriava XX vek je prestupna posto
je 20:9=18 1 ostatak je 2. Milankovidev predlog se u srednjem razlikuje od prave
tropske godine za 0.000002 dana. Dalja usavriavanja sto se tice priblizavanja trajanju
tropske godine nisu potrebna, jer se i ona u duzimn periodima menja. Eventualna dalja
usavrdavanja ako ih bude, pre ¢e teziti pogodnijoj raspodeli dana unutar meseci zbog
razlicitih prednosti koje bi iz toga mogle da proizadju.

Milutin Milankovié je najznamenitiji srpski astronom. Treba takodje istacdi da je za
razliku od Nikole Tesle i Mihajla Pupina koji su do svojih otkriéa dosh u inostranstvu,
Milankovié svetsku slavu stekao radeéi u Beogradu, u svojoj skromnoj sobi u Kapetan
Misinom zdanju. U &ast njegovih naucnih dostignuéa na polju astronomije, na XIV
Kongresu Medjunarodne astronomske unije u Brajtonu, jedan krater na nevidljivoj
strani Meseca (sa koordinatama +170¢ +77°) dobio je njegovo ime. Na XV Kongresu
Medjunarodne astronomske unije u Sidueju, njegovo ime je dobio i jedan krater na
Marsu (sa koordinatama +147¢, +55°), a 1982, je mala planeta sa privremenom oz-
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nakom 1936 GA, koju su 1936. otkrili Milorad Protié i Pero Djurkovié, dobila ime
1605 Milankovié.
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Abstract. Comparison between existing measured, calcnlated and estimmated Stark width
values was performed for the most researched Ar IV spectral lines belonging to the 4s-4p
and 45’ — 4p’ transitions. On the basis of the found agreement between these values four
spectral lines have been recommended as lines with convenient Stark width data needed in
plasina spectroscopy.

1. INTRODUCTION

Knowledge of the triply ionized argon (Ar IV) spectral lines characteristics is im-
portant for the determination of chemical abundances of elements and, also, for the
estimation of the radiative transfer through stellar plasmas, as well as for opacity
calculations (Inglesias et al. 1990). Thus, the necessity of knowledge of Stark widths
of these lines was imposed. Oun the basis of Stark width values it is possible to obtain
other basic plasma parameters e.g. electron temperature ('T) and electron density (N),
important in the modeling of various plasiias. The aim of this work is the comparison
between existing measured, calculated and estimated Stark width values of most in-
vestigated Ar IV spectral lines (264.03, 275.79, 278.89, 280.94 and 292.63 nm) in the
4s-4p and 45’ — 4p’ transitions. Namely, from the eventual agreement between them,
their recommendation for the plasma diagnostics purpose can follow as spectral lines
with convenient Stark width data. These comparisons give, also, possibility of the
critical analyzing of the experimental results.

2. MEASUREMENTS

Five experiments deal with Stark FWHM (full-width at half intensity maximum, W)
investigation of mentioned spectral lines (PlatiSa et al. 1975; Purié et al. 1988 a; Kobi-
larov & Konjevié 1990; Hey et al. 1990 and Djenize et al. 1999, 2000). Measurements
were realized in the electron temperature range between 21 000 K and 110 000 K (see
Lesage & Fuhr 1998 and references therein).
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3. CALCULATIONS

Theoretical W values (G,GM,SEM, SE) are calculated on the basis of various ap-
proximations initiated by Dimitrijevi¢ & Konjevié (1981). Thus, SE and SEM denote
the results of semiempirical and modified semiempirical predictions using equations
(4), (5) and equations (7) - (10), respectively, from Dimitrijevi¢ & Konjevié (1981).
G and GM denote w values obtained on the basis of the seiniclassical approximation
(Griem 1974 and references therein) with 1.4 instead of 5-(4.5/2) on the right-hand
side of equation (12) in Dimitrijevi¢ & Konjevié¢ (1980) for the GM values. Mentioned
calculations are performed only for four multiplets. Besides, in Hey et al. (1990) the-
oretical Stark width values, calculated on the basis of the impact and classical-path
approximations (Hey & Breger 1982), are also presented, but only for the plasma
parameters observed in experiments: PlatiSa et al. (1975), Puri¢ et al. (1988a) and
Hey et al. (1990).

4. ESTIMATIONS

The simplest way to estimate the value of a Stark FWHM is to use established
regularities of W along the isonuclear or isoelectronic sequences for given type of
guanturn transition. It was found (Djenize & Sreckovié 1998; Purié et al. 1988a,b)
that a simple analytical relationship may, for same transition, exist between W and
the corresponding upper-level ionization potential (I) of a particular spectral line. The
found relationship, normalized to a N = 10 m~% electron density, is of the form:

W (rad/s) = az?T~ 12170 (1)

The upper level ionization potential I (in eV} and net core charge z(z = 1,2,3 4,.. for
neutral, singly, doubly, triply,... lonized atoms, respectively) specify the emitting ion,
while the electron temperature T (in K) characterizes the assembly. The coefficients a
and b are independent of I and T. In the case of the argon isonuclear (INS) sequence
(Ar I - Ar VIII) for the 4s - 4p transition this dependence is expressed (Purié et al.
1988a,b; Djenize & Sreckovié 1998) as:

W (rad/s) = 1.18 101427~ 1/2 =127 (2)

In the case of the 45’ —4p’ transition the following form was found (Djenize & Sreékovié
1998; Purié et al. 1988a)

W(rad/s) = 1.12 101427~ 1/2 182, (3)

Egs. {2-3) allow to predict the Stark width values for: z = 1,2,3,4,5,6,7 at various
electron temperatures. The estiinated Stark FWHM values of the mentioned Ar IV
spectral lines (for z = 4) are presented in Table 1. The necessary atomic data were
taken from Wiese at al. (1969).
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Fig. 1. Stark FWHM (W) dependence on the electron temperature for the most
investigated Ar IV lines belonging to the 4s-4p and 4s/—4p’ transitions at 1023 m~3
electron density. e, Djenize et al. (1999, 2000); o, Platisa et al. (1975); &, Purié et
al. (1988a); , Hey et al. (1990) and , Kobilarov & Konjevié¢ (1990). G and GM
denote values obtained on the basis of the sericlassical (Griem 1974) approximation,
both SEM and SE denote values obtained on the basis of the modified semiempirical
and semiempirical approximations, respectively. All these calculations were performed
by Dimitrijevi¢ & Konjevié (1931). 4, theoretical predictions by Hey et al. (1990)
calculated plasma parameters obtained by Platisa et al. (1975), Purié et al. (1983a)
and Hey et al. (1990). INS represent our estiinated values taken from Table 1.
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Table 1. Estimated (INS) Stark FWHM values dependence on the electron tem-
perature (T in K) at N = 11023 m~2 electron density, calculated using Eq. (2) and

(3).

A (nm) W T2 (nm K'/?) Eq.
264.03 1.243 2
275.79 1.217 3
278.89 1.360 2
280.94 1.387 2
292.63 1.532 2

5. DISCUSSION

In order to allow easy comparison among measured, calculated and estimated Stark
width values, in Fig.1 the dependence of Stark FWHM values on the electron tem-
peratures is given at N = 1023 m~? electron density.

6. CONCLUSION

In general, we noticed a good matching between measured, calculated and estimated
Stark width values of the 264.03 nm, 275.74 nm, 278.89 nm and 280.94 nm Ar IV
spectral lines. This allows us to recomimnend their use for plasma spectroscopy. Ex-
isting Stark width values of these spectral lines: INS values in Table 1, in this work,
and theoretical values G and SEM in Dimitrijevi¢ & Konjevié (1981), within 20%
uncertainties present convenlent atornic data in the plasma diagnostic up to 120 000
K electron temperature (Djenize et al. 2000). It should be pointed out that Hey’s
(1990) experimental W values at 80 000 K electron temperature lie about all existing
measured, calculated and estimated values, especially in the case of the 278.89 nm
and 280.94 nm lines. New measurements in these plasma conditions would be helpful.
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Abstract. Using the relative line intensity ratios method between three strongest Ar I11
spectral lines in 4s’ — 4p/ (3D =2 F) transition with AJ = —1, their existing transition
probability values (A) have been controlled. These A values, within £10% accuracy, have
been confirmed in the case of the 333.61 nm (AJ = 3 — 4) and 334.47 nm (AJ = 2 —3)
spectral lines. Conversely, by tramsition with 335.85 nm (AJ = 1 — 2) a necessity for
correcting the A value appeared. This correction is about +47% and transform the earlier
A value (1.6 108.9_1) up to 2.35 1085~ ! within £ 15% accuracy.Besides, the A values, not
known before, are determined for the 248.89 nm and 250.44 nan Ar 11l spectral lines belonging
to the 4p’ — 4d’ transition.

1. INTRODUCTION

Transition probability of spontaneous emission (A) plays an important role in plasma
and laser investigation and, also, in astrophysics. Namely, various kinetic processes
appearing in plasma modeling need reliable knowledge of A values (Griem 1964, 1974,
1997). However, the existing A values (Wiese et al. 1966, 1969; Lide 1994), for number
of emitters, are given with high uncertainties. These values are calculated on the
basis of the Coulomb approximation (Allen 1973) or by using the Self-Consistent
Field (SCF) method (Hartree 1956). [n the case of ionized emitters (doubly or triply
ionized, as example) the expected uncertainties are 50% or larger (Wiese et al. 1969).
On the other hand, known experimental techniques involve various difficulties (Wiese
et al. 1966, Romipe & Stenbeeck 1967) which limit accuracy of the measured A values.

In this work the transition probabilities of spontaneous emission of five transitions
in Ar III spectrum have been obhtained using the relative line intensity ratios method.
Three among them (333.61, 334.47 and 335.85 nm) are strongest in the Ar 111 spec-
trum and they are frequently applied m different sort of investigations. As a source
of radiation plasma of optically thin linear pulsed arc has been used. The total line
intensities (I) were calculated from line profiles measured with high accuracy using
the step-by-step technique. Three researched transitions belong to the 3D® —3 F mul-
tiplet with upper energy levels (E) within narrow energy interval, therefore correction
to the electron temperature (T) of the measured line intensity ratio is not necessary.
This fact allows us to establish a simple relation between measured line intensity
ratios and ratios of the products of the spontaneous emission probabilities and the
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corresponding statistical weights (g} of the upper lovels of the lines. This relation is
expressed as:
(}E/{Z;}&:;? 2531441/.(13‘43 (1)

and gives us possibility to check the existing A values.

2. EXPERIMENT AND RESULTS

The modified version of the linear low pressure pulsed are (Djenize et al. 1991, 1098,
2(00ab) has been used as a plasma source, A pulsed discharge was driven in a quarte
discharge tube of 5 mun inner diameter and effective plasma length of 7.2 em (Fig. | i
Djenize et al. {1991,1998)). The tube has end-on g nvis v
SUHe) at 1 P

flowing regime. Spectroscopic observation of isolated spectral lines were inade end-on

‘?7',‘,"; IR T RN I
d \H,lg‘d;b BasETVa

argon-helium mixture (72% Ar +72 cerre in coustaut Hax

along the axis of the discharge tube. The line profiles were recorded using a step-by-

stern. The system

step technique with a photomultiplier and a grating specirograph s

was calibrated by using the standard lamp {(BOA- The speciregroph oxic shit

(10 pm) with the calibrated photomultiplier wis muacinetiically «
spectral plane in small wavelength steps (6007 mu). The =

ersed along the

faged photermuitipiier
signal (five shots at each pusition) was digitized asing ao sseillossope interfuced (o o
computer. A sample spectrum is shown io Fig 1.
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Fig.1. Reeorded Ar 11l spectrum with researched spectral lines.

Plasma reproducibility was monitored by the Ar 111 and Ar 1V lines radiation and,
also, by the discharge current (it was found to be within =+ 4%). Recorded line profiles
can be fitted to the Voigt function as a superposition of the GGauss (instrumental
and Doppler broadening) and Lorentz (Stark broadening) functions. The standard
deconvolution procedure { Davies & Vaughan 1963) was computerized using the least
square algorithm. Total line intensity (I) represents the area under the line profile. On
the basis of the recorded Ar I spectrun (as can be see in Fig.1) there follows that
these lines are well isolated from the other Ar I, Ar I, Ar III and Ar 1V lines and,
practically lie on the continuum which is equal to zero. These facts are important by
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determination in the total line intensity and these conveniences lead to the increase
of their reliability.

The plasma parameters were determined using standard diagnostic methods
(Rompe & Steenbeck 1967). Thus, the electron temperature was determined from
the Boltzman-slope on seven Ar III lines with a corresponding upper-level energy
interval of 8.32 eV with an estimated error of + 9%, assuming the existence of LTE,
according to criterion from Griem (1974). All necessary atomic data were taken from
Wiese et al. (1969) and Striganov & Sventickii (1966).The electron density decay was
measured using a well known single laser interferometry technique for the 632.8 nm
He-Ne laser wavelength with an estimated error of +7%. The electron density and
temperature decays are presented in Fig. 4 in Djenize et al. (2000D) ( Tyuaz = 23 200
K, Npae = 1.9 1023 m—3).

L1,
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24 2:33447nm
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133366am
21335 88nm
B e i +
i o 1. v g
d
14
05
+ +
133447 nm
24 2:335.850m
1.5 7
14 1T A v v v r
054
T T v T T y T
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Fig. 2. Relative line intensity ratios (I;/I3) during the plasma decay. e, our ex-
perimental values within 12% accuracy. - - -, theoretical ratios by using the existing
transition probability values from Wiese (1969) and Lide (1994) within estimated un-
certainties of 50%. Solid lines represent theoretical intensity ratios after the correction
of the transition probabilities. All three lines belong to the same multiplet.

In order to make direct estimation of the influence of the self-absorption on the
line intensity, method of the relative line intensity ratios has been applied. Ratios
(I, /I3)exp were monitored in a wide range of the decaying plasma up to 80th us after
beginning of the discharge when the line intensity maximum dropped down to 10%
of its maximal value. Experimental points are presented in Fig.2. These experimental
ratios are constant within 6%, during the plasma decay. From this fact it follows that
for employed experimental conditions (spatial distribution, discharge characteristics,
gas pressure etc.) our plasma can be treated as optically thin. On the other hand,
Stark width values of these lines measured by Djenize et al. (2000 a) in the same
plasma conditions agree well with existing experimental and theoretical Stark width
values testifying, also, to the ahsence of the self-absorption. This suggests that the
comparison between measured and calculated relative line intensity ratios can be
employed as a method for estimation of the transition probabilities relatively to the
selected referent A values.
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Therefore, we suppose that there is at least one pair of lines, helonging to the
same multiplet, for which measured and calculated relative line intensity ratios are
in agreement during the whole plasa decay period. H such agreement really exists
one can accept these lines with corresponding transition probabilities as the referent
A values. Among the lines that we have investigated, see Fig.2., described behavior
is found for the 333.61 nm and 334.47 mn transitions, while existing A value of the
335.85 nm transition has to be corrected in accordance with the experimental 1,//15
and [2/ I3 values. The corrected value is presented in Table 1.

On the basis of the known transition probabilities it is possible to determine un-
known A values by using the relative line intensity ratio dependence on the electron
temperature (Griem 1964, 1974, 1997):

[1/12 = (QIAI /\3/!/:.43,\1 )f'.l,'"y;(/;\ EQ;/A//')

This relation allows the mutual comparison between the relative intensities of the
spectral lines that origin from the much different parent energy levels. Using Eq. (2)
A values for the 248.89 nm and 250.44 mn transitions have beeu obtaiued relatively
to the 333.61 nm and 334.47 nm transitious.

o~

o
2}

Table 1. Atomiic data for the five researchied Ar HI spectral hnes, E and g denote
the upper level energy and the corresponded statistical weights. 4, 15 the oxisting
transition probability (Wiese ot al. 1969) and A.,, is the new value obtained by us.

Transit. Multipl. M) | EEV) [ g | Au(10%7 1) T A (1077 T)
4s' —4p” | PDYV S F 1333061 | 2800 |9 2.0 2.00£10%
A3AAT O ousOs 7 1.8 1.80£10%
335.85 2806 5 1.6 2.35+£15%
4p' —4d' | BP0 PY 1 24889 | 3366 15 - 1.30+20%
dp s py 25044 | 33.68 13 - 0.45420%
Refereneces

Allen C.W .1 1973, Astrophysical Quantities, 3rd ed., The Athlone Press, London.

Davies, J.T., Vaughan J.M.: 1963, Astrophys. J., 137, 1302,

Dijenize S, Sreckovi¢ A., Labat J. Kenjevi¢ R., Popovi¢ L. €. 1991, Phys. Rev, A., 44, 410,

Djenize S., Milosavljevi¢ V., Sreckovic A0 1998, JQSRT, 59, 71.

Djenize S., Bukvi¢ 5., Miskovié¢ D.: 2000a, Publ. Astron. (Obs. Belgrade, 67, 53,

Djenize S., Bukvié 5., Miskovié D.: 2000h, A& A Supp. Serics, (submitted),

Griem H.R.: 1964, Plasma Spectroscopy. Mc Graw-Hill, New York.

Griem H.R.: 1974, Spectral Line Broadening by Plasmas, Acad. Press, New York,

CGriem H.R.: 1997, Principles of Plasmu Spectroscopy, Cambridge Umiv. Press. Camb.

Hartree [).R.: 1956, The Calculation of Atomic Structures, 1. Willey & Sons, New York.

Lide D.R. (Editor-in-Chief): 1994, CRC Handbook of Chemistiy and Physies, 74 edition
{(CRC Press, Boca Raton, USA).

Rompe R., Steenbeck, M.: 1967, Ergebnisse der Plasmaphysik und der GGaselektrondk, Band
1, Akademie Verlag, Berlin.

Striganov R.A., Sventickit N.S.;: 1966, Tublici Spectralngih Linii, Atomizdat, Moscow.

Wiese W.L., Smith M.W., Glennon B.M.: 1966, Atomic Transition Probabilities, Vol. 1
NSRDS-NBS 4 (DC. V.S, Government Printing Office, Washington).

Wiese W.L., Smith M.W_, Miles B.M.: 1969, Atomic Transition Probabilities, Vol. I1 NSRDS-
NBS 22 (DC. V.S. Government Printing Ofhice, Washington).



Publ. Astron. Obs. Belgrade No. 67 (2000), 59 ~ 62

STARK BROADENING IN THE Ne II 3s ‘P-3p ‘D MULTIPLET
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Abstract. Stark widths of three Ne I spectral lines {336.063, 333.487 and 332.716 nm)

belonging to the 35* P — 3p* DY transition have been measured in the linear, low pressure,
pulsed arc plasma at 31 000 K and 34 500 K electron temperatures and corresponding electron
densities of 0.95 10%% m~2 and 1.83 10%% m~?, respectively. Our experimental Stark widths
data have been compared to the existing experimental and theoretical Stark width values.

1. INTRODUCTION

In the paper published by Uzelac et al. (1993) evident discrepancies between exist-
ing calculated Stark width values were found in the case of the Ne Il 3s*P — 3p*D?
transition. Thus, the results of the classical-path approximation (HB) (Hey & Breger
1980; Uzelac et al. 1993) provide very small dependence on the electron temperature
(T). In contrast to this, predictions made by modified semiempirical method (SEM)
(Dimitrijevié¢ & Konjevi¢ 1980; Uzelac et al. 1993) show perceptible dependence on
the electron temperature. Griem’s {1974) ((i) values calculated on the basis of the
semiclassical theory lie above both other group of the mientioned theoretical predic-
tions. Existing experimental Stark width data between 27 000 K and 40 000 K electron
temperatures show acceptable agreement with (¢ and HB values, but the latest mea-
surements (Uzelac et al. 1993) give Stark widths which at about 80 000 K electron
temperature agree well with SEM values.

The aim of this work is contribution to the clarificatiou of the above explained
problem. In this order Stark FWHM (full-width at half intensity maximum, W) have
been measured in two discharge conditions in neon plasma. Beside, for the first time,
estirnations of the researched W values (based on the Stark width regularities) have
been included, also, in the comparison between measured and calculated Stark width
values.

2. EXPERIMENT AND RESULTS

The modified version of the linear low pressure pulsed arc (Djenize et al. 1991,1998)
has been used as a plasma source. A pulsed discharge was driven in a quartz discharge
tube of 5 mm inner diameter and effective plasma length of 7.2 cin (Fig. 1 in Djenige
et al. (1991,1998)). The tube has end-on quartz windows. The working gas was neon
at 130 Pa filling pressure in constant flux flowing regime. A capacitor of 14 uF was
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charged up to 1.5 kV and 2.5 kV, respectively, Spectroscopic observation of isolated
spectral lnes were made end-on along the axis of the discharge tube. The line profiles
were recorded using a step-by-step technique, deseribed in our earlier publications.
The spectrograph exit shit {10 pm) with the calibrated photomnuleiplier was micro-
metrically traversed along the spectral plane in small wavelength steps (0.0073 nm).
The averaged photomultiplier signal (five shots i each position) was digitized using
an oscilloscope. interfaced to a computer.

Plasma reproducibility was moenitoved by the Ne {1 and Ne I lines radiation and,
also, by the discharge current (it was found to be within 5%). Recorded line profiles
can be fitted to the Voigt function as a superposition of the Gauss (instruinental
and Doppler broadening) and Lerentz {Stark broadening) functions. The standard
deconvolution procedure { Davies & Vaughan 1963} was cownputerized asing the least
square algorithm. Stark widths have been obtained with £ 167 accuracy at given T
and N. Great care was taken to mununze the influence of zelf-absorption on Stark

width determinations. The opacity was checked by measuring lne-mensity ratios

within multiplet. The values obtained woee eompared with ~alcudaed ratios of the
products of the sponianeous eunssion probabilities aod the ooreoeponditng statisticad
weight of the npper levels of the hues, o ratins dafforsd To bas g, iestfying

to the absence of the selfiabrorption The necessary avonic siat were paken (rows
Wiese et al. (1966).

The plasma parameters were deterniined using standard diggnostic methods
(Rompe & Steenbeck 19673 Thu~ the »leciron femperature {I') was deternined from
the Boltzman-slope on 14 Ne if iines £ 431980 336.06, 337,18, 341.48, 341.69, 341.77,
350.36, 356 83, 366.41, 36940 <0004 000090 44093 and 44132 1w with a corre-
sponding upper-level energy werval i 7 52 eV with an estimated error of & 7%,
asswining the existence of LTE, accordiny o criterion from Griem (1974). All neces-
sary atomic data were taken fromn Wiese et al. (1966). The electron density (N) decay
was measured using a well known single luser interferometry techuique for the 632.8

nm He-Ne laser wavelength with an estimated error of £7%. The electron density
and temperature decays are presented i Fig. 1 (for the 1.5 kV bank energy). Our
experimental W data are given in Table 1.
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Fig. 1. Electron temperature (T} and density (N} decay at 1.5 kV bauk energy.
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Table 1. Measured W values with various plasma parameters.

A (nm) W (nm)
T=31 000 K T=34 500 K
N =0.95 102 m~3 N =18310 m™3
336.063 0.01252 0.02183
333.487 ‘ 0.01330 0.02073
332.716 0.01400 0.02199

3. DISCUSSION AND CONCLUSION

In order to allow easy comparison among measured and calculated Stark width values,
we report in Fig. 2. variations of W (FWHM) with the electron temperatures for a
given electron density equal to 10%* m~2. Theoretical predictions are calculated on
the basis of the modified semiempirical formulae (SEM}), classical path -approximation
(HB) and semiclassical theory ((:). INS denote estimated W values calculated on the
basis of Eq. (2) taken from Puri¢ et al. (1988) and Djenize & Labat (1996) which was
obtained for the neon isonuclear sequence (see also Djenize , 2000). The explicit form
of this equation is given (for 2=2) as:

W(m) = 1.97 1077 7=1/2 )

at an N = 10%m~3 electron density and T' expressed in K. All necessary atomic data
in determination of Eq. (1) were taken from Wiese et al. (1966).

One can conclude that our new experimental data confirm the earlier observed
experimental W values at about 30 000 K electron temperature and gravity to the
G and HB theoretical values. It should be pointed out that the estimated INS values
agree satisfactorily with experimental data including, also, those from Uzelac et al.
{1993) at about T=80 000 K. INS and SEM predictions have similar course among
electron temperatures. Explaining of these behaviours requires new steps in theory of
the Stark widths predictions.
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Abstract. From a light-curve analysis of the semi-detached close binary system TT Aur,
the exponent of the gravity-darkening has been empirically estimated for the component
filling the Roche lobe. In the analysis, the gravity-darkening coefficient for the component
underfilling its Roche lobe has been fixed according to von Zeipel’s (1924) value 7 = (.25 for
stars in hydrostatic and radiative equilibrium. The results of the present analysis show that
the estimated empirical value of the gravity-darkening exponent is significantly greater than
the one derived from existing theories by von Zeipel for radiative (hot systems) envelopes.

1. LIGHT-CURVE ANALYSIS

An ordinary semi-detached system of Algol-type coiists of a main-sequence primary
compenent inside its Roche lobe and a subgiant (o1 glant) secondary filling the Roche
lobe. If the pritnary component is well deep nside its Roche lobe, the shape of the

star 15 close 1o being sphericall In this case 1t 15 reasonable to Hx the value of the

gravity-dovkening coethiciont seeording (o von Zetpel's (1924) value 3 = 0.25 for stars
in bydrosiatic and cadiative equilibriunc The exponent of the gravity-darkening has
been cinpirically extimated for the component filling the Roche lobe by the light-curve
analysts. In this paper a modern computer programme (Djuradevié, et al., 1998) has
been used to analyze the photownetric observations. The programune is based on the
Roche wodel and the principles deriving from the paper by Wilson & Devinney (1971).

In the analysis of the light curves, instead of the often used and somewhat ques-
tionable practice of forming norrual points, we used the original observational data in
order to avoid negative effect of such normalization.

To achieve more reliable estimates of the model parameters in the programme
for the light-curves analysis, we applied a quite dense coordinate grid having 72 x
144 = 10368 elementary cells per each star. The intensity and angular distribution
of radiation of elementary cells are determined by the star’s effective temperature,
limb-darkening, gravity-darkening and by the effect of reflection in the system.

The star’s size in the model is described by the filling coefficients for the criti-
cal Roche lobes £, . of the primary and secondary components, respectively, which
tell us to what degree the stars in the system fill their corresponding eritical lobes.
The subscripts (h,c) refer to the hotter (primary) and cooler (secondary) component
respectively. For synchronous rotation of the components (tidal effects are present)
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these coefficients are expressed via the ratio of the star polar radii, Ry ., and the
corresponding polar radii of the critical Roche lobes, 1.e., Fj, . = Rh o/ RRochey, .-

For a successful application of the foregoing described model in the analysis of
the observed light curves, the method proposed by Djurasevié (1992) was used. By
that method optimum model parameters are obtained through the minimization of
S = T(0 — )%, where (O — (') is the residual between the observed (LCO) and
synthetic (LCC) light curves for a given orbital phase. The minimization of S is
effected in an iterative cycle of corrections of the model parameters. In this way
the inverse-problem method gives us the estimates of system’s parameters and their
standard errors.

The values of the limb-darkening coefficients were derived from the star’s effective
temperature and surface gravity, according to the given spectral type, by using the
polynomial proposed by Diaz-Cordovés et al., (1995). Following Rucinski (1969} and
Rafert & Twigg (1980), the gravity-darkening coeflicients of the stars, 3, and their
albedos, A, were set at the values of # = 0.25 and A = 1.0 for stars in hydrostatic and
radiative equilibrium. In this particular case, as we mentioned earlier, the gravity-
darkening coefficient 1s fixed for the primary component situated inside its Roche
lobe,

In previous versions of our programue, there were two different possibilities in the
application of the model regarding the treatment of the radiation law: the simple
black-body theory, or the stellar atmosphere models by Carbon & Gingerich (1969)
(CG). Our current version of the programume for the light-curve analysis employs
the new promising Basel Stellar Library (BaSeL). We have explored the "corrected”
BaSeL model flux distributions, consistent with extant empirical calibrations (Lejeune
et al., 1997, 1998). By choosing and fixing the particular input switch, the programme
for the light-curve analysis can be simply redirected to the Planck or CG approxima-
tion, or to the more realistic BaSeL model atmospheres.

2. RESULTS AND CONCLUSIONS

In this paper the light-curve analysis is applied to the massive binary system of TT
Aurigae (B2V4+B4 ; P ~ 19.333). UBV observations (Demircan, 1999) made at the
Ankara University Observatory and BV observations (Bell et al., 1987) were analyses
with the fixed mass-ratio of the components ¢ = my/m, = 0.678 (Wachmann et
al., 1986). Based on the spectral type of the components, B2 V+B4 (Kitamura and
Nakarmura, 1987), the value of T}, = 24800 was taken as the temperature of the
primary. The gravity-darkening exponent of the primary was fixed at £, = 0.25, and
as the albedos of the components the values of Ay = A, = 1.0 were adopted. Other
parameters of the system were estimated in the light-curve analysis. Here we used the
”corrected” BaSeL model flux distributions and we assumed solar chemical abundance
for the components of the system. This model approximation provides much better
agreement between the individual U, B and V solutions than the simple black-body
theory, or the stellar atmosphere models by Carbon & Gingerich (1969).

The present analysis of the observations of TT Aur enabled us to estimate the
parameters of the system that are mutually consistent. The solutions indicate a serni-
detached configuration in which the less-massive secondary fills its Roche lobe. They
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suggest also a quite possible muass-transfer from the less massive secondary toward
the more massive priumary.

Table | presents the results of the light-curve analysis while Fig. 1 gives a graphic
presentation of these results. For the gravity-darkening exponent of the secondary we
obtained the value 3, ~ 0.6, which is greater than twice the expected value g = 0.25
for stars in hydrostatic and radiative equilibrium. By applying a different model and
method Kitamura and Nakamura (1987) found for this system o, = 4 x 8, = 3.84,
which is about 1.4 times greater than the value estimated in our present paper. We
think that our Roche model is more adequate and that the method of optimization
we applied is a direct and efficacious one. In our opinion this discrepancy between
our and Kitamura and Nakamura’s estimates of the gravity-darkening exponent is
a consequence of the simplified model of the system and method used by the two
authors.

Table 1. Results of the analysis of the TT Aur light curves obtained by solving

the inverse problem for the Roche model. Gravity-darkening coefficient of the cooler

secondary component (3.} is a free parameter.

Quantity U - filter B - filter V - filter B - filter V - filter
n 3h9 360 361 113 113
L0 - ()? 0.1054 0.0819 0.0832 0.0068 0.0055
g = m./my 0.678 !
T 24300 !
Bn 0.25
Ay i.0
1.0
fyo= /. R
T, 1oRS0 £02 1001 4103 120005 117 1 15860 £70 1 19843 £69
£y 0805 £0.00510.812 +£0.007 10.764 £0.00810.792 £0.006 [0.79] -£0.006
. 0,984 +4.00210.989 £0.002 10,997 £0 002/0 982 £0.602 [0.986 £0.001
1 86.2 +0.1 86.2 40.13 } 86.2 +0.14 | 86.2 £0.07 | 86.3 £0.07
3. 0.60 £0.02 } 0.60 £0.02 | 0.60 £0.02 } 0.60 £0.02 | 0.62 £0.02
2w, 0.33 0.35 0.31 0.35 0.31
U, 0.37 0.41 0.35 0.40 0.35
Qp 3.844 3.513 4.018 3.894 3.900
Q. 3.234 3.229 3.211 3.243 3.236
R, [D=1] 0.313 0.316 0.297 0.308 0.308
K. [D=1] 0.320 0.321 0.323 0.318 0.319
ALn/(Ln + L) 0.659 0.612 0.550 0.602 0.581

BaSeL approximation of the stellar atmosphere ([Fe/H]n . = 0.0 - accepted metallic-
ity of the components)

9

Note: n - number of observations, £{O — ()= - final suin of squares of residuals be-
tween observed (LCO) and synthetic (LCC) light curves, ¢ = m./my - mass ratio of
the components, Ty, - temperature of the hotter component, 3, - gravity-darkening
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coefficient of the hotter component, 4, = A. = 1.0 - albedo coeflicients of the com-
ponents, f; = f. = 1.00 - nonsynchronous rotation coefficients of the components,
T. - temperature of the cooler component, F), . - filling coefficients for critical Roche
lobes of the hotter primary (h) and cooler secondary (c¢), ¢ - orbit inclination (in arc
degrees), 0. - gravity-darkening coefficient of the cooler secondary component, up . -
limib-darkening coefficients of the components, , . - dimensionless surface potentials
of the primary and secondary, R . - polar radii of the components in units of the
separation [D=1] between the component centres and Lp/(Ly + L.) - luminosity of
the hotter star.
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Fig. 1. Observed (LCO) and final synthetic (LCC) light curves of TT Aur with final
O-C residuals obtained by analyzing two sets of U B V and B V observations and
with the view of the system at the orbital phase 0.25, obtained with the parameters
estimated by analyzing the observations.
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JAETIOIIYJIAIIMJA TOPIBET EHEPT ETCKOI HUBOA BYB JIMHWJE
API'OHA HHOPALUPBEHUM JJACEPCKHMM 3PAYEILEM

M. P.TEMHIIIWH', B. M. OBPAJIOBHR® u 1. IT. IOJYMHOBW R’
'I{enmap 3a nayxy u mexnonowxu paseoj, Obunuhes eexay 26, 11001 beozpad
*Pusuuru Gaxyamem Yuusepsumemay Beozpady, n.n.368, 11001 Beozpad
E-mail: mgemisic@rudjer.ffbg.ac.yu

AbcerpakT. YTBpheHuo je cMamemhe MakcuMyma vuTeH3uTera nuaHje Ar I 104,82 nm w3 BYB nena
CNEKTPa yCJie aICOPIIMje IacCPCKOr 3paicha TajlacHe nyxuue 852,1433 nm koja oarosapa mupmjn
Ar 1 uujv ce JiomH eHEPreTCKY HHBO 1IOKJana ca ropiiuM HusBooM Jvauje 104,82 nm.

1. YBOJ

TleHuHroBo nNpaxmere Ce KOPUCTH Kao CTaHOAPIHH H3BOP 3padema 3a KauuOpauujy
cnexktpomerpa y BVB obnactu cnektpa. Y npaxmemy ca aproHoM nodyhyjy ce
pesoHanTHe nundje 104,82 nm u 106,67 nm. I'opwu eneprercku HUBO nunHje Ar 1 104,82
nim je MCTOBPEMEHO J0HH HHBO nHHHje Ar I 852,1443 nm. Ha Toj TanacHoj myxuHu je
Moryhe ocrBapuTH 3pauewbe jnacepcke auone. Ilocmarpajyhin makcumym nuuuje Ar 1
104,82 nm w3 IlermHrosor mpaxmema Koje Ce HCTOBPEMEHO OCBET/HABA JIACEPCKHM
3pademeM Moryhe je NpHMeTHTH omnajame MHTEH3UTETa JHHHje. Pasnor Tome je
ancopru#ja JacepcKor 3payetba Ofi CTPAaHE ENEKTPOHA Ca TOpHEr €HEepPreTcKor HHBoa
mauudje Ar1 104,82 nm.

2. [TOCTABKA EKCITEPUMEHTA

CxeMa ekcnepumenTa fata je Ha Cn. 1. M3sop 3padema je [lernnroso npaxmeme
KOje MMa jiB€ afyMHHMjYMCKE KaTOINE NOCTaBJbEHE jefHa HAachpaM ApYyre M H30A0BaHe
KepaMHMKOM Ol MECHHraHor ONOoKa Koju npeacrasiba aHomy. CBe enekTpone ce Xnane
BoaoM. Ilpaxmeme je HOCTaB/BEHO Y MArHeTHO NMOJbE CTATHOr MarHera Koje crabmnuime
npaxmere. Pagru rac je apro, nputucak je 1 Pa, ctpyja mpaxmwema je 10 mA npu
HanoHy oJ 300 V. ITpaxabeme ce AMpaKTHO NOCTaB/ba Ha YNa3HU OPOpe3 MOHOXPOMATopa
(Jobin Yvon LHT30) xoju ce kopucta 3a BYB cnekrpockonnjy. Mosoxpomarop je Tana
Seya-Namioka (ynagau # H3a3HH 3pak cy noj yriiom of 140 crenenn) 4 uma TOpoHfaNHy
penieTky ca 275 3ape3a no mm. Y OBOM cilydajy MOHOXPOMATOp C€ KOPHCTH CaMO Kao
ceKTpasiHy QHITep NOCTaBJbeH HAa MakcuMyM JHHHje Ar 1 104,82 nm. Moroxpomarop ce
3ajeJHO ca MpaxibeleM BakKyMupa TypOoMonexkynapHoM Bakyym mymnoMm Alcatel
ACT200T no 0,1 Pa, npe ymymrama paguor raca. Ha u3nazeu mpope3 MoHOXpoMaropa
IOCTAB/bEH je CIMHTHIATOP OJ HATPHUjyM CaMHIHJIATA, @ 3aTEM (POTOMYJITHILTHKATOP
Hamamatsu R212.

Jlacepcka nuona (SDL 5412-H1) emutyje jeaHoMonHo 3pageme cHare 100 mW y
cnextpayHoj obnactd (852 £ 7) nm. ¥V T0j cnextpanHoj obnacTu ce Hana3y jaka JUHHjA

69



M.R. GEMISIC, BM. OBRADOVIC i LP. DOICINOVIC

aprona A= 852,1443 nm, xoja oarvrapa mpenasy 4s’[1/2)° - 4p’[3/2). Cnextpanna mupuna
NacepcKor 3padersa je 2:10”° nm. TasacHa Jy’)KHHA acepCKOr 3pauema ce MOXE MEHmATH
OPOMEHOM TeMIeEpaType Jlacepcke QHOL® M IPOMEHOM CTpYje KOja Kpo3 Y NpOoTHYE.
Ilpomena TanacHe My)XMHE NAcEPCKOr :Padema NPEKO aproHoBe JIMHAjE C€ BpIIM
NpOMEHOM CTpPYje TMPH KOHCTaHTHOj TeMmmeparypu quoge. [IpoMena cipyje xpo3 nacepeky
Aauoxy ce ocTeapyje nomohy resepatopa ¢yskunja (Kronhite). ®pexsennuja tecrepacror
curaana reneparopa ¢ynkmaja je 500 Hz. Jlacepcku cnom ce dokycupa acdepuanum
COYMBOM KIDKHE NaJbHHe 45 mm, a 3aTHM e/ Tako Ja jeAaH aeo naga Ha IlenuHroso
NpOKHEHE, a APYrHM Ha mymsy kartofy. CurHan ca (OTOMYNTHIUIMKATOpa C€ Ha
aururanaoM ocumnockomy (Tektronix TDS 3032) ycpeamasa 512 nyra. OBako senuku
6poj ycpeamanama je norpeban 36or Hecrabunnoctd IlenunroBor npaxmemna. Ha npyru
KaHa OCIUIOCKONA C& JOBO/M ONTOTANBAHCKH CHTHAJ ca 0anacTHOr OTHOPA ENEKTPHIHOr
Opak®Bekha Ca MYMHOM KarofoMm. OnNToTafBaHCKM CHIHaJA MNoOKasyje Aa je Jiacepcko
3pauerme Ha TaJaCHOj AYXXHHH KOja OroBapa aproHoBoj JIMHUjH A= 852 1443 nm.

MWh | osc

BR

s

HC

TS

Q

ve

Cnuka 1. ITocraka excnepmmenta. PTD-Ilenannroso npaxmweme, VP-BakyyM nymna G-
Goua ¢ racom, M-moHoxpomarop, SM-kopaunn motop, FM-doromyarumnuxarop, HV-
W3BOp BHCOKor HanoHa, LD-nacepcka amona, TS-remnepaTypHo ckaHMpame, SS-cTpyjHO
ckanupame, RG-remeparop ¢ysukupjan, HC-uwymea katoga, 1IS-ussop jeaHocmepse
crpyje, BR-6anmactau otnop, AL-acdepudro coumBo, BS-pasmennuk cHoma, OSC-
OCI{HJIOCKOII.
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DEPOPULACU A GORNJEG ENERGETSKOG NIVOA VUV LIN 1, ARGONA ...
3. PE3YJITATH H JUCKYCFJA

Ha Cn. 2. je nprKa3’aHa CXeMa EHET:eTCVdX HMBOA CHEKTPATHMX JHHHja
HEeyTpaJHOT aprosa , CHUMak JuBMja aproda y 3YB ueay cnexrpa (104,82 nm u 106,67
nm) u nobyxaa nacepckum 3pageseM. Cnekruansa ridpuHa naudje (FWHM) aprona je 0,8
nm.

Cn. 3. mpHKa3dyje HCTOBPEMEHH CHUMAK ONTOTaNBaHCKOT edekra H edekra
CMatbemha HHTEH3UTETA JMHH]je aproHa 104,82 nm. CMmamemhe HHTCH3IUTETA JIAHAE aproHa
je mocnenuia AENONyJanMje TOPHEr €HEPreTCKOr HHBOA YC/IE[ anCOpHUHje JACepCKor
3pauca Of CTPaHE eNeKTpoHa Ha ToM HEBOY. [Jla je To 3amcra Tako moKasyje
HCTOBPEMEHOCT I0jaBJbUBAkA  ONTOTAIBAHCKOT e(eKTa M CMamemha WHTEH3HTETA
pE3OHaHTHE JIMHMje aproHa. TanacHa Qy)kUHA JIacepcKOr 3paverma je cpasMepHa jaumHH
CTpyje Koja mpoTHde Kpo3 Jacepeky quony. Hpw kopumhemy Tecrepacre Gpynkumje crpyje,
KOA KOje je jaduHa CTpyje OHPEKTHO Cpa3MEpHAa BpEeMEHy, TajlaCHA LYKHHA JacepCKor
3paueka je cpa3MepHa BpeMeHy. 3aro je BpeMeHcka oca Ha Ci. 3. cpalMepHa TaNacHOj
Iy KHHH.

0

ap[32]
laser

asT12p
4s[3/2)°

3p6’S

Cnmxa 2. Emeprerckn HusoH jauadja Ar I 104,82nm, 106,67nm m 852,1443nm #
CHMMJbEHE CIEKTpaiHe nukHje aprosa 104,82nm u 106,67nm.
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Cinxa 3. OnroranBancku edexat (none) # MakcuMyM siHrje 104,82nm (rope) mocne 512
yCpembaBama.

4. 3AKJbYHAK

Jenonynucame ropmer eneKTPOHCKOT HMBOA PE30HAHTHE JIMHHIE aproHa MHGpanpacHuw
JACEPCKMM 3pauemeM OMOryhaBa NpoIIMper-e CHEKTPAIHE O0NACTH ApHUMEHEe 1acepcs:
muone. Kako je cekTpasiHa mBpHHA facepckor 3padewa Beoma mMana (AX = 2-107° pm). 10
ce ca BeoMa J06poM pe3osyidjoM Mory HCHTWBATU nnHMje y BYB ofaactu cuexipa.

Pedepenne

Obpanosuh b. M, Kypauna M. M., Komesuh H., ITnamuna M.: 1997, Proceedings of the second
Yugoslay conference on spectral line shapes.
Crpuranos A. P., Ceeramuxuit H.C.:, 1966, Tabauyor cnexmpanenvix aunuti, AroMusaat, Mocksa.
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THE LOCAL Mg, — log ¢ RELATION FOR EARLY-TYPE
GALAXIES THROUGH THE DATABASE HYPERCAT

V. GOLEV! and Ph. PRUGNIEL?

I Department of Astronomy and Astronomical Qbservatory,
University of Sofia, P.0O.Box 36, BG-1504 Sofia, Bulgaria
E-muail: valgol@phys.uni-sofia.by

2 CRAL-Observatoire de Lyon (CNRS: UMR 142),
F-69561 St-(Genis-Laval Cedez, France
E-mail: prugniel@qgalazies univ-lyonl fr

Abstract. We report the local Mg, (r) vs. log o(r) relationship of 9 typical elliptical and
4 typical SO galaxies whose data are maintained in the extragalactic database HYPERCAT.
The two relations, for E and S0 galaxies, are significantly different. The contribution of
the rotation to the local potential at the time of star formation bulk could provide an
explanation of this difference. The analysis shows that the appropriate accounting for the
rotational support is conductive to the Mg,(r) — logo(r) relation for S0s becoming like
that for the ellipticals. This would mean that the disks of S0s are both old and have a high
metallicity. Thus, the qualitative difference between the local Mg, (r) —log o(r) relationship
of S0s and ellipticals may still be compatible with a model of dissipative quasi-simultaneous
formation of the disk and the bulge.

1. INTRODUCTION

The Mg, absorption line-strength index is a measure of one of the most prominent
features in the optical spectra of early-type galaxies. It is one of the dozen well-known
line-strength indices that are successfully used to study the old stellar populations in
early-type galaxies (see e.g. Gonzalez 1993 and references therein}j.

It is also well established that the correlation between central Mg, absorption
line-strength index and the central velocity dispersion oy of dynamically hot stellar
systerns is very tight (Dressler et al. 1987; Burstein et al. 1988; Bender et al. 1993).
Although these systems comprise four orders of magnitudes in mass and luminosity
(ranging from the bulges of spirals and S0s up to the giant ellipticals) and their Mg,
indices differ by up to 0735, the scatter of Mg, — log og relation remains low {Ziegler &
Bender 1997). The relationship between the central Mg, index and the central velocity
dispersion o connects one dynarnical parameter and another one that arises entirely
through the physics of stellar evolution, thus suggesting a remarkably close connection
between the chemical and dynamical evolution of early-type galaxies (Davies 1995;
Gonzalez & Gorgas 1995).

On the third hand, early-type galaxies exhibii systematic variations in the line-
strength indices going from the center to the external galaxy regions {cf. Gonza-
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lez 1993; Fisher et al. 1995, 1996). This suggests the change in some fundamental
properties of the constituent steliar population of these galaxies. Either the age or
the metallicity of the stellar content (v both reasons simultaneously) could probably
be responsible for the index variations.

In this report we will focus on the local Mg, (7)—log o(r) relationship of some bona-
fide elliptical and SO galaxies. This work is part of a long-term project dedicated to
the study of the scaling relations of early-type galaxies (see Prugniel & Simien 1994,
1996, 1997, and Prugniel et al. 1999) connected with the Lyon’s extragalactic database
HYPERCAT (Prugniel & Golev 1999; Maubon et al. 1999)

2. THE HYPERCAT PROIJECT

The HYPERCAT database is a collaboration initiated at Observatoire de Lyon,
France. involving the University of Sofia, Bulgaria, the Sternberg lustitute in Moscow,
Russia, and two [talian observatories: Brera in Milano and Capodimonte in Napoli.

The anns of Hypercat project are:

Clonstruct, maintain and interface catalogues of galaxies useful for studying their
physics. The data catalogued in HYPERCAT complement those available through the
major extragalactic databases (NED and LEDA). Links to these data bases and to
ADS and SIMBAD are provided for each object or reference. DSS tinages of the ob-
ject may also be obtained through the HYPERCAT interface. Elaborate data-mining
utilities and developed pipelines to extract astrophysical parameters are provided.
The first step yet accomplished was assembling of FITS archive (HFA) and link its
linking analysis pipelines.

HYDPERCAT s a tool designed to support our work on the scaling relation of galax-
ies, bui, being available on the Web, it is also used for other purposes. lu paraculor,
it can be a useful auxiliary in the preparation of ohservations, through iis capabilition
to select and define a sample. A unique characteristic of HYPERCAT 1s Lhat il js
jointly operated at different sites: the catalogues, as well as the FUIS archive are
maintained separately in different sites and are daily mirrored to Lyon to update the
database. In turn, the database is mirrored to the public HYPERCAT sites:

http://www-obs.univ-lyoni.fr/hypercat/ - the main site in Lyou;

http://astro.uni-sofia.bg/hypercat/ — mirror in Sofia;
http://palladio.brera.mi.astro.it/hypercat/ — mirror in Milan:
http://www.na.astro.it/hypercat/ — mirror in Napoli

This organization is quite complex, as it involves about 10 computers, but is efhi-
cient since it minimizes the need of non- automatic interactions for the operations of
database management. It also exerts a heavy pressure on the network, but since all
communications are concentrated duri: g the low- traffic hours the network capacity is
sufficient. Note however that having distrib ited mirrors of the database also reduces
the long-distance network load during tle heavy-traftic hours.

The HFA itself is structured in datasets, each corresponding to a set of observations
taken in the same conditions.

Together with the scienc~ frames, all other information necessary to the data re-
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duction is also stored in HFA. They are in particular:
(i} Template objects used for flux calibration.
(i1} Spectra of reference lamp for wavelength calibration.
(i) Mean flat field {and bias) used in the reduction of science frames.
This structure of the database was used to perform the investigation described
below.

2. 1. FTHE SPECTROSCOPIC DATA

More than 200 spectra of 87 early-type galaxies (S0a and ellipticals between E0 and
E4) centered around the Mgh A5175 A triplet and covering a range of 900 A have
been collected using the 1.93m telescope of the Observatoire de Haute-Provence and
the CARELEC long-slit spectrograph’ (Prugniel et al. 1992). The FWHM spectral
resolution of 3.2 A was used. This material is already described in details in Prugniel
& Simien (1994) and Simien & Prugniel (1997a, 1997b and 1997¢) where the internal
kinematics of the sample galaxies is analyzed.

The sample galaxies span a wide range of intrinsic luminosity (—227 0 < Mp <
—17™5), central velocity dispersion (70 < o9 < 330 km s™!), and, as a consequence,
of metallicity.

We have already used this spectral archive to derive the central values of Mg,-
index for all 87 early-type objects in the archive {Golev et al. 1999). The central Mg,
measurements were reduced to the homogeneous, standard Lick system following the
procedures described in Golev & Prugniel (1998). A catalog of these measurements
together with practically all cemtral Mg, measurements available i the literature,
converted to the Lick system, can be found in HYPERCAT.

Now we have used this spectral archive to denive Mg,-index radial profiles for
9 typical bona-fide elliptical galaxies and 9 typical lenticulars. The individual Mg,-
index profiles were obtained for position angles corresponding to the major axis of
each galaxy.

3. THE Mg, — logc RELATIONSHIP

3.1. THE Mg,— logo DIAGRAM FOR CENTRAL VALUES

We have constructed the Mg, vs. log oy diagram for a sample of 308 bona-fide eiliptical
galaxies whose data are maintained in HYPERCAT. The relationship derived

Mg, = 0.225 (4 0.009) log oo — 0.238 (4 0.022) (1)

is the best straight-line fit to data with errors s both Mg, and log oy. This diagram
is shown in Fig. 1.

If errors in Mg, only were taken into account (whick is the usual way to derive this
relation), the relationship would be Mg, = 0.181 log o — 0.130, or, within the errors,
exactly the classical relation published first by Dressler et al. (1987) and discussed in
details by Bender et al. (1993).

I Details on the CARELEC long-slit spectrograph and its detectors, as well as the informa-
tiom about the 1.93m telescope itsell, are available on the WWW at Mtp://www.obs-kp.fr.
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Fig. 1. The relationship between the central Mg,index and the central velocity
dispersioncy for 271 bona-fide elliptical galaxies in HYPERCAT. The solid line rep-
resents the best straight-line fit to data with errors in both Mg, and logeg. Open
circles represent these 9 ellipticals whose properties are discussed later in the text.
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Fig. 2. The local Mgs(r}—log o(r) relationship for (a) 9 bona-fide elliptical galaxies,
and (h) 9 SO galaxies. Each galaxy is shown with different symbols and the larger the
symbol, the closer is the measured radial point to the galaxy’s center. The solid line
represents the fit to the central relationship for 308 bona-fide ellipticals shown in Fig.
1.

3.2. THE LOCAL Mg, (R) — loga(It) DIAGRAM

We have studied the Mg, vs. log o for the local parameters, Mg, {r) and o(r), derived
from the radial profiles of the Mg, -index and o over the major axes of both 9 bona-fide
ellipticals and 9 SOs selecte:l by us from our spectral archive.
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Local Mg,(r) — logo(r) relatiouships for selected ellipticals and lenticulars are
presented in Fig. 2(a) and (b) respectively. Each galaxy is shown with different symbol
and the larger the symbol, the closer is the measured radial point to the center of the
galaxy. The solid line represents the fit to the central relationship for 271 bona-fide
ellipticals shown in Fig. L.

Only prol iie values for whicl the relative errors AMg,(r)/Mg.{r) < 25% and
Ac(r)/o{r) < 26% were nsed for the analysis and plots.

Tho local ;eldtmnshlp for ellipticals studied by us does not differ significantly from
the central one for 308 objects. However, this is not the case of lenticulars. The two
local relations, for E and SO galaxies, are significantly different in sense that
I. The S0s have a slightly higher Mg, at given o(r) thau the ellipticals. This effect is

also appareut for the central values in Fisher et al. (1996 - see their Fig. 2), though

not discussed there.

2. The local Mgy (1) —log o) relationship for S0s flattens for low values of o(r) which
does not oceur for ellipticals. This also corresponds to the outer regions of these
galaxies where the disk is predominant over the bulge.

4. DISCUSSION

This iiference would mean that the disks of 50s are both old and have a high metal-
Heity Can this be reconciled with the dissipative collapse enrichment?

The standard model explains the Mg, — log ¢ relation, either central or local, as a
result. of enrichinent during the bulk of star formation. The fraction of metal-enriched
gas left by the supernova-driven winds depends on the local escape velocity (see e.g.
Franx & [ingworth 1990). In the framework of such a scenario, a disk having a
different history would probably depart from the bona-fide Mg, —log o relation.

An alternative could be to consider the simultaneous dissipative formation of both
the disk and the bulge. In such case, the enrichiment will be controlled by the local
potential, ¢(r). And if the system has only passively evolved after the bulk of star
formation, the ®{r)—Mg,{») relation should keep traces of this star-formation process.

Potentials of elliptical and lenticnlar galaxies are basically different. In the case
of S0s, the local velocity dispersion o(r) cannot be used as an estimate of the local
potential ¢{»). The structure and dynamics of lenticulars is more complex, and, as
a mininnun, it 18 necessary to include the rotational velocity, Vig, in the estimate of
the local kinetic energy.

In the framework of axis-symmetric dynamical models, both oblate and prolate (see
e.g. van der Marel 1991), for every point of the major axis the local kinetic energy
projected over the LOS is V.2 (r) + ¢®(r). As it was shown by Prugniel & Simien
(1994) for ellipticals, the rotational energy, being usually small but not negligible,
should always add a positive contribution to the total kinetic energy.

This additional energy could be deseribed by the dintensionless rotational-support
term 5 ~ % log (147V,2, /0®). The term was introduced by Prugniel & Simien (1994) in
frame of their analysis of contribution of the galactic rotation to the virial equilibrium
in ellipticals, and they derived n = 0.81 for isotropic rotators. Hence, we have studied
the relation between the residuals
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R(r) = log omg,(r) — log o(r) (2)

to the local Mg,(r) — logo(r) relation as a function of the local projected rotational
support expressed as

$(r) = g Tog (14 9V2()/0(7). 3)

Here log o(r) is the observed velocity dispersion at given radial point of galaxy’s
major axis, and log omg,(r) is the value of the velocity dispersion predicted by Eq.
1., rewritten for the velocity dispersion.
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Fig. 3. The residuals R(r) = log omg, (rr})—log o{r) for the profiles of all 9 lenticulars

as a function of the local rotational support S(r) = %log(l + V2. (r)/a?(r)). The

5° line (or the “best-fit” line in the sense of Eq. 4.} is shown. The larger the symbol,
the closer is the radial point to the galaxy’s center.

The analysis shows that the accounting for the rotational support leads the local
Mg, (7) — log o(r) relation for all SUs to become like that for the ellipticals. In Fig. 3.
we present the diagram R(r) vs. S(v). The coeflicient 7 has been determined for all
lenticulars taken together by variation of S(») in order to achieve

N7 (R(r) - S())* = Min. (4)

r
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THE LOCAL Mg - log 0 RELATION ...

The result of this analysis is shown i Fig. 4. There the relation Mg,(r) vs.
,i—,lop;(rfz(r) + nV.2.(r)), which accounts for the local rotational support S(r) to the
total kinetic energy, is presented for the profiles of all 9 SO galaxies studied by us.
The mean value of n &= 1/2 is derived.

0.40 -
036+
0.30

025

Mg,(r), mag

RIS T G ST GV H R U S S T S S S A

T AU S WA A S S WA S WA S R IS S T |

1.6 1.8 2.0 2.2 2.4 2.6 2.8
log (0'2+77V2)1/2

Fig. 4. The relation Mg,(r) vs. 1log(c?(r) + nV2,(r)) for the profiles of all 9
SO galaxies which accounts for the local rotational support S{r) to the total kinetic
energy. The mean value of 5 & 1/2 is derived. As before, the larger the symbol, the
closer is the radial point to the galaxy’s center.

5. CONCLUSION

We have investigated the local Mg, (7} vs. logo(r) relationship of 9 typical elliptical
and 9 typical SO galaxies. The two relations, for E and S0 galaxies, are significantly
different.

The contribution of the rotation to the local potential, or rather, to the local
potential al the time of star formation bulk, could provide an explanation of this
difference. This would mean that the disks of SOs are both old and have a high
metallicity. But the values of 1 derived by us are yet phenomenological only and need
to be discussed in the framework of precise dynamical models.

Nevertheless, the qualitative difference between the local Mg, (r) — logo(r) rela-
tionship of SOs and ellipticals may still be compatible with a model of dissipative
quasi-simultaneous formation of the disk and the bulge.
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STELLAR ASSOCIATIONS IN NGC 6946

G.R.IVANOV and K.G. KRASTEV
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5 James Bourchier Avn., B(G - 1164 Sofia, Bulgaria
E-mail: ivanov@phys. uni-sofia.by

Abstract. A cawalogue of 41 OB associations in NGO 6946 is proposed. The distance to
the galaxy is derived {about 6 Mpc) from the mean size of the stellar associations.

1. INTRODUCTION

N U6 s aosed sype galaxy (Tully 1988) with two well pronounced spiral arms. The
fistivnee 1o 01 a8 5.5 Mpe (Tully 1988). The spiral arms are dominated by significant
nunher of steilar groups and HIT regions. The stellar associations in NGC 6946 are
not vet identified. However, this galaxy is a suitable object for identification of OB
assoclations,

2. OBSERVATIONAL DATA

The CCD observations were made on October U, Y90 1n the standard photometric
systemn BVR. The size of the CCD chip is 512 x 512 pixels, one pixel corresponding
to 0.61 x 0.81 arcsec. The exposure tune in each filter was 900 sec. The stellar associ-
ations were identified by means of PCVISTA image processing programs for IBM-PC
{Trefferes and Richmond 1989). We located 41 stellar groups that are more than 3o
brighter than the local background. The calibration curves were constructed using
the CCD photometry of the open chister NGC 7790 {Cristian et al. 1985). The miean
ervors of our calibrations are 0.131n B, 0.02 1n V and 0.05 in R-passband. The integral
magnitude V and the integral colour index V-R were obtained for each group.

The contents of Table 1. are as follows: Column 1 gives the sequential number of
the assoclations (see Fig. 1} arranged by increasing right ascension. Columns 2 and
3 give the equatonial coordinates of the associations. Column 4 gives the size of the
association in arcsec. Colummn 5 gives the number of mermber stars. Column 6 gives
the designating number of the HII region(s) which coincide(s) with the association.

3. DISCUSSION

The seeing of our observation (2 arcsec) enables discrimination between blue stars
in stellar associations and foreground (Galactic stars. The mean visible size of the
associations depends on the distance to the galaxy. It 15 difficult to demarcate their
boundaries in a remote galaxy due to resolution problers.

o
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Table 1. Stellar associations in NGC 6946.
No R.A. Dec. \Y% V-R SIZE Nst No of
1950 1950 HII ident.
1 20 33 19.8 60 013 20.22 2.90 2.4 3 605
2 20 33 21.3 60 0 17 19.05 1.33 4.1 5 597
3 20 33 22.6 60 0 25 18.37 1.86 4.1 4 589
4 20 33 28.6 59 58 5 15.86 0.96 5.1 5 541
5 20 33 31.7 60 0 60 19.97 1.79 2.0 4 524,525
6 20 33 32.5 60 17 18.84 1.19 2.4 4 518
7 20 33 33.6 59 57 55 19.15 0.38 2.4 4 495
8 20 33 33.7 60 1 21 18.41 1.66 5.1 7 501
9 20 33 34.5 59 59 13 16.69 0.39 3.0 3 497
10 20 33 36.3 59 58 51 18.47 2.15 1.6 3 471
11 20 33 45.0 59 57 31 19.72 1.94 3.0 5 386
12 20 33 45.3 60 015 16.66 0.88 2.4 5 393
13 20 33 45.7 59 57 54 18.46 1.66 4.1 4 377
14 20 33 46.4 59 57 36 19.04 2.12 3.0 5 376
15 20 33 47.5 60 217 20,28 1.76 2.0 3 371
16 20 33 47.8 59 57 21 18.45 1.48 4.1 3 354
17 20 33 48.5 59 59 57 18.63 1.12 2.0 4 -
18 20 33 48.7 60 217 20.33 2.32 2.2 4 -
19 20 33 48.8 59 57 3 18.36 1.55 4.1 3 342
20 20 33 50.0 59 56 50 17.88 1.49 4.1 7 324
21 20 33 50.0 60 2 22 16.33 1.19 4.1 7 334
22 20 33 50.9 59 56 55 16.74 0.91 4.1 5 324
23 20 33 51.5 60 0 6 18.37 0.51 1.4 3 313
24 20 33 51.6 60 015 17.33 1.17 1.2 3 299,314
25 20 33 51.8 59 57 17 18.67 1.49 2.8 3 293
26 20 33 53.1 60 223 17.73 1.02 1.0 3 290,301
27 20 33 53.2 60 0 31 17.63 1.11 3.7 5 288
28 20 33 54.7 60 0 26 16.65 1.02 4.1 7 277
29 20 33 56.5 59 58 1 18.80 1.55 7.1 8 247
30 20 33 56.6 59 58 23 17.95 1.01 4.1 5 250
31 20 33 58.7 59 58 34 17.51 0.63 4.1 ) 234
32 20 34 0.7 60 0 32 19.76 2.04 1.2 3 215
33 20 34 2.2 60 0 30 17.83 1.21 3.0 5 181
34 20 34 3.5 60 0 35 16.63 1.36 2.4 4 174
35 20 34 5.5 60 049 17.90 1.33 3.0 5 170
36 20 34 6.3 59 59 & 17.17 1.56 3.5 5 159
37 20 34 7.7 59 58 55 18.47 1.54 3.0 5 148
38 20 34 8.2 59 58 33 18.46 1.92 2.0 4 138
39 20 34 9.0 59 58 38 18.56 1.88 3.0 5 124
40 20 34 9.0 59 58 48 18.23 1.81 5.1 7 136
41 20 34 9.5 59 58 1 18.37 2.18 3.5 4 119
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Some of our stellar groups exhibit two or three cores which are resolved into stars.
In that case, one deals perhaps with two or more sub-associations. The size and the
number of member stars of the studied groups are typical for the stellar associations.
Part of the associations are located in severely crowded regions of the spiral arms. In
order to test if these are real associations, we performed visual inspection of the Atlas
of Sandage and Bedke (1988) and found evident similarity between the selected stellar
groups and those identified as OB associations in other nearby galaxies like Magellanic
clouds, M31 and M33. Therefore one has to classify them as OB associations.

The size of associations was measured on our CCD frames as well on the maps of
Sandage and Bedke (1988). It seems that the seeing of the Atlas is the same as that
of cur observations. We compared the locations of the associations with those of the
HII regions studied by Bonnarel et al. (1984). The majority of the HIl regions are
ionized by cluster of OB stars in associations and not by a single O star. When the
distance to a galaxy is more than 5 Mpec, the stellar clusters could not be resolved
into stars. However, the size distribution of our objects shown in Fig. 2. is typical for
the stellar associations. Thus the OB associations probably can not be mistaken for
other groupings like aggregates and star complexes whose size distributions have their
maximum shifted toward larger sizes. The mean size of the aggregates and of stellar
complexes is respectively three and ten tunes larger than that of stellar associations
(Ivanov 1987). Supposing that the mean size of a stellar association is about 80 pc
(Ivanov 1987), one could obtain the distance of the galaxy. The size distribution of
the associations identified with 6 1w telescope is shown in Fig. 2. The mean size is 2.9
arcsec which gives a distance to NGO 6946 of about 6 Mpc. This estimate is close to
the value from the catalogue of Tully (1988).
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2800 MHz SOLAR FLUX AND SAVA RIVER FLUX
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Abstract. The investigation by applying the spectal decomposition theorem to the solar activity
impact on the Sava river flux at one station, followed by crosscorelations, indicated that there is an
eight year lag between the solar radiation at 2800 MHz maximum and the maximum of the Sava river
on the one hand, and, on the other, an eleven year lag between the solar radiation minimum and the
minimum minimorum of the river flux. Chi-square test and the Kolmogorov-Smimov test have been
applied for evaluationg the sesults obtained.

1. INTRODUCTION

Looking for better correlation, 1 started with the total sunspot areas, total areas of sunspot
umbrae, total areas of sunspot penumbrae, total areas of faculae, ending with 2800 MHz
solar radiation. Then I used series for different rivers’ levels, ending with river flux/flow, as
a better parameter for water abundance or lack on it[1] to [20].

Experience has shown that all above listed values have an oscillatory
character.The water has a basic importance in everyday’s life, agriculture, industry,
economic planing etc. An exact prediction of its quantity could be of an enormous benefit
in general. But, today, the science does not exactly know the mechanism of the hydrologic
cycle.One may only suppose what are the causes of many phenomena occurance. Therefore
a statistical or a probability analysis may be of some help. So, I will use the solar radiation
of 2800 MHz as a promoter of Sava river flux.

2. ATA CHOICE, DATA AND DATA PROCESSING

J.-C.Pecker (1987) confirmed my opinion that the simultaneous usage of data,
observed at several stations along a river, in the case of solar — terrestrial influence study,
can lead to distortion instead of correlation improvement. Therefore, 1 took only data
recorded at one station on the bank of river the Sava.

Following data notations have been used:

Time series for SOLAR ACTIVITY (yearly means)::

OTTA - SOLAR RADIO FLUX AT 2800 MHz (10.7 c¢m) from the
entire solar disc, corrected to within a few percents for factors such as:
antenna gain, atmospheric absorption, bursts in progress, and background
sky temperature, in units 10 Joules/second/square meter/Hertz. Each
number has been mutliplied by 10 to suppress the decimal point;
published by the National Geophysical Data Center, Boulder, Colorado,
USA.
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Time series for SAVA RIVER FLUX (yearly means)::

SMQV - MAXIMAL SAVA RIVER FLUX, expressed in m’/s,
SMQN - MINIMAL SAVA RIVER FLUX, expressed in m’/s.

At my disposal, I had OTTA series since the year 1947 to 1997 (daily
observations), and Sava river flux series starting by the year 1931 until 1996 (monthly
means).

The computer processing  programme, for technical reasons, limited my
investigation to the section between 1947 and 1996.

1 applied, for periodogram construction, the so-called SPECTRAL
DECOMPOSITION THEOREM, which states that the energy, or variance, of any time
series can be broken down into contributions of statistically independent oscillations of
different frequencies (periods). Each peak in the periodogram stands for a harmonic. The
most outstanding one is called the MAJOR FREQUENCY (PERIOD), and the following
ones are HIGHER HARMONICS, or OVERTONES.

Looking for paired up independent oscillations, with the same periods
(frequencies), has been performed.

The next assumption was that we have to do with two stationary time series. X; ,
and Y., and that we wish to asses the extent to which we can use the past of X, , to predict
Y,; cross-correlation values, between solar radiation and the respective maximal, minimal
river flux have been calculated.

Fourier series residuals have been calculated for significance level evaluation,
Next, a comparision of such frequency histogram with normal distribution function has
been constructed. Chi-square test has been carried out, and, in conclusion the Kolmogorov-
Smirnov test has been used as one more significance evaluation.

3. RESULTS

The periodogram for the OTTA 4786 series shows five peaks — five independent
oscillations. The major period has 10 years (91.64%), the first overtone has 5 years
(3.49%), the second overtone has 3.08 years (1.86%), the third 2.11 years (1.55%), and the
fourth 2.5 years (1.45%).

The periodogram for SMQV 4887 series has seven independent oscillations. The
major period has 3.63 years (21.44%), the first overtone 5 years (15.36%), the second 2.35
years (15.34%), the third 8 years (13.60%), the fourth 2.11 years (13.27%), the fifth 40
years (13.25%), and the sixth 13.3 years (7.73%).

Comparing the listed periodograms for OTTA and SMQYV series we see that there are two
independent oscillations in the later corresponding to two of the formar. The first overtone
of OTTA has it response in the first overtone of the SMQV, and the third overtone of the
first series has its response in the fourth overtone of the second series. 5.45% of the
radiation influences 28.63% of the Sava river maximal flux.

The cross-correlation analysis shows that there exists a eight years lag between OTTA and
SMQV series (STATGRAF programme).

The highest cross-correlation value corresponds, as we mentioned before, to the
eight years lag in the case OTTA 4786 versus SMQV 4887. So, 2800 MHz solar flux
influences the MAXIMAL SAVA RIVER FLUX/FLOW, meaning that maximal Sava river
flux may follows, with an 8 year lagging between, the maximal 2800 MHz solar flux.

Chi-square test for two of seven frequencies of SMQV 4887 series gives the value
5.107141 with 1 degree of freedom and a significance level p=0.0238342.

The Kolmogorov-Smirnov test gave a value of d=0.1000000 with no significance.
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The periodogram for SMQN series has again seven peaks — seven independent
osciilations. The major period has 3.63 years (25.53%), the first overtone 2.35 years
(22.29%), the second 5 years (16.56%), the third 8 years (13.54%), the fourth 40 years
(12.25%), the fifth 3.08 years (8.96%), and the sixth 13.33 years (0.88%).

We see, comparing the cited periodograms of OTTA and SMQN series, that they
have two corresponding oscillations. The first overtone of OTTA has its response in the
second of the SMQYV series, as well as the second overtone of the first has its response in
the fifth overtone of the second series. 5.35% of the solar radiation influence 25.52% of the
Sava river minimal flux.

By means of cross-correlations we found that there exists a lag of eleven years
between OTTA and SMQN series.

Cross-correlations have their highest value against eleven years lag in the case of
OTTA 4988 versus SMQN 4988. So, 2800 MHz solar flux influences the minimal SAVA
RIVER FLUX/FLOW, meaning that minimal Sava river flux may follow, after an 11 year
lagging between, the maximal 2800 MHz solar flux,

Chi-square test, for two of seven independent frequencies, gives the value
0.4247530 with 1 degree of freedom and a signifiance level p = 5145796.

The kolmogorov-Smirnov test shows a value of 0.0250000 with no significance.

4. CONCLUSION

The spectral decomposition theorem, according to constructed periodograms and
after corresponding cross-correlations calculation, for the index of solar activity, known as
ADJUSTED 2800 MHz SOLAR FLUX, radiating from the whole solar disc, corrected
within a few percents, for antenna gain, atmospheric absorption, bursts in progress and
background sky temperature, expressed in units of 10> Joules/second/square
meter/Hertz, OTTA serics, at one hand, and wmaximal Sava river flux, SMQV series,
expressed in m>/s, observed on one station, on the other hand, entitles us to announce that,
in statistical sense, the solar activity may influence, with the accuracy given, the
MAXIMAL (MAXIMUM MAXIMORUM) SAVA RIVER FLUX, with cight year lag, and
the MINIMAL (MINIMUM MINIMORUM) SAVA RIVER FLUX, SMQN series, after a
lag of eleven years.

We must, at this place, turn our attention to the fact, mentioned in Jovanovié, B.D.
(1993c¢), that maximal Sava river flux followed the maximum of Greenwich total sunspot
argas by a seven year lag, supported by a better fitting.

EXPLANATION. To avoid eventual misunderstandings we must add that the river
flux has several maxima and minima during a year, but, our maximum maximorum is the
greatest one that occurs once in several years, as well as minimum minimorum is the
smallest minimum which occurs once in a longer period of years.
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Abstract. The Serbian magazine “JAVOR” (MAPLE) was taken at random to show that in the XIX
century there has been, among Serbs, a vivid interest in Astronomy.

0. THE MAGAZINE ITSELF

This review started with a subtitle “Magazine For Amusement And Instruction”.
In the second period “And Literature” has been added. Publishers were: Zmaj Jovan
Jovanovic (1862 ~1863), Kosta Trifkovic (1874 — 1875), Luka Jocic (1877 — 1889) and
Jova Karamata (1893). The editors were: Dr. Ilija Ognjanovic ( 1874 — 1892) and Danilo
Zivaljevic (1893). 1t has first been published biweekly, and from the year 1877 on, weekly.
We will narrow our attention only to one science — to Astronomy, and we will analyze the
published material accordigly. If there is only one data, it is a Julian; and if there are two
data the first is Julian and the second is Gregorian.

1. THE SOLAR SYSTEM IN GENERAL

THE EARTH. V. Mladenovic, using Dr. Klein’s article, writes “SINCE WHEN
EXISTS OUR EARTH” {1]. Among several geological methods the author uses for
calculation in one involving the precession of equinoxes. The other astronomical expedient
was the Laplacean cosmological theory. The final result was approximately four billion
years.

“WHAT WILL FINALLY BE WITH OUR EARTH?” [2] is a short notice on
deceleration of the Earth rotation. Mercuty, Venus and Earth will fall onto the Sun. After
that, due to Sun's rotation, new pianets will be formed.

The earthquakes are caused by the influence of the Sun and Moon [3]. The credit
for this idea has been attributed to Prof. Rudolf Falb. But a year later [4] David Milankovic,
uncle of our famous scientist Milutin Milankovic, proves that Milutin's great uncle Uros
Milankovic was the first who mentioned this idea.

“THE MOON AS A CELESTIAL BODY” [5] is a detailed description written by
Svetislav Kolarovic; starting with its apparent motions among stars, revolutions, rotation,
eclipses, surface formations, continuing with imaginary sights from it, its influence on
Earth (tides, eventually climate, ending with popular beliefs), its surface temperature,
"days" and "nights", seasons, nonexistence of atmosphere, as well as twilight and dawns,
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phenomena during occultations, lack of water (reasons for this), blackness of its sky,
nonexistence of living creatures, ending with eventual possibility to reach and settle on it,
adding the necessary time for, at that time, known vehicles.

In the article “THE SEA” [6] Pavie Padejski describes the reasons for the
appearance of tides on Earth, mentioning Newton's law of gravity.

A short notice “THE MOON AND ITS INHABITANTS” [7] considers: the
distance Moon-Earth, the surface configurations and their shadows, Edmund Neison's
ebservation of the changes in shape of the Linnee's crater, and supposes that there may be
some living creatures.

“MOUNTAINS ON THE MOON?” [8] considers their number and their height.

THE SUN. Andrija M. Matic (Professor at the Great Gymnasium of the Serbian
Orthodox Parish in Novi Sad, comment B.D.J.), using German sources wrote “WHAT 1S
THE SUN MADE OF AND HOW IT DOES ITS JOB?7” [9]. He describes the Sun's size, its
influence on terrestrial phenomena, the historical progress of human thought on the subject,
the chemical composition, its gaseous atmosphere, chromosphere, prominences, spots,
incrustation of its surface, and its cooling, as a consequence.

Another essay on the same subject has been published under the title “WILL THE
SUN GET COOL AND WHY?” [10].

P.V. Vujic translated “COOLING OF THE SUN”, written by Dr. K. Prell [11].
Some calculations are given how long could the Sun emit such an amount of energy if it is
built of different materials. One of consequences would be a shrinking of its dimensions.
Some theories on genesis of sunspots are cited.

The result of the investigations of the physicist Dr. O. Froehlich, from Berlin, is
reported in the notice "THE TEMPERATURE OF THE SUN IS CHANGING” [12).

In the long article “ON THE SOURCE OF MOTIONS ON OUR EARTH™ [13],
Todor V. Jovanovic reports on influence of solar radiation on terrestrial phenomena, such
as earthquakes, wind, rain, sea currents, tides, warmth, etc.

MERCURY has been described in “THE NEAREST NEIGHBOUR OF THE
SUN” [14], by Andriia M. Matic. After a historical introduction the author mentions the
discrepancy between theoretical and observed data, the transit across the Sun's disc (on 7th
May 1878), the possibility of existing of a new planct nearer to the Sun which was named
Vulcan, on observations during the eclipses of the Sun.

VENUS. Andrija M. Matic, wrote a thorough forecast of a very interesting
phenomenenon; “TRANSIT OF THE PLANET VENUS (OVER THE SUN) ON 9th
DECEMBER 1874" [15]. After a review of the event mentioned he said that the same was
in the year 1769, will be in 1882, and that the next occasion will be in 2004! He explained
the reasons for that, and mentioned that the same may occur with the planet Mercury. The
benefits are listed. At the same time the laws of movements of planets have been explained.
1t ended by a description of an expedition to Tahiti for observing the transit of 3rd June
1769.

MARS. Andrija M Matic wrote about the “WAR PLANET (MARS)
ACCORDING TO THE LATEST INVESTIGATIONS” {16]. Historical introduction is
followed by the description of how were his satellites discoverd by Asafh Hall in the
previous vear, its surface features, winds, atnosphere, polar caps, his age and the possibility
of existence of life.

Another writing, “MARS” [17], by the same author, according to Dr 1. Pallis,
contains the latest data on this planet.
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PILANETOID (asteroid or small planet) Nr. 250 has been discoverd on 22nd
August 1885 as a "star" of eleventh magnitude. Its position was, at 11", 353°40' in right
ascension and 16°10' in declination [18].

“PLANET JUPITER AND ITS WORLD” [19], again by A. M. Matic, portrays
this planet from the earliaest days of observations, its size, its distance, rotation, revolution,
satellites, their eclipses by the planct, characteristics in general, its appearance in small
telescopes, its atmposhere, its chemical composition.

VULCAN. A short notice [20] announces that astronomer Watson, following
Leverrier's instructions, discovered the new planet named Vulcan (1?!).

2.STARS

“ON THE AGE OF STARS” [21] is a report on the lecture given by Pier Julics
Cesar Jansen in Paris in 1887. He stated, that according to the results of the spectral
analysis, all stars are composed of the same elements which may be found on Earth. One
may determine the temperature and the state of evolution of the stars.

“HOW MANY STARS ARE THERE?” [22] states that in the entire clear sky
there arc about 6000 stars, but we are not able to see them all because a part of them is
below our horizon. Therefore we see approximately only 3000 of them. But fog, water
vapour and other impurities limit their number to near 2000. Using small telescopes we
may see up to 600.000. By means of the latest of them, then known, up to 60.000.000 are
visible.

“THROUGH THE WORLD OF STARS” [23] has been written by Sophus
Tromholz, translated by Z. D. Vladic in Vienna, is a thorough excarsion from Sun to the
farthest then known stars. At that time the expression "star” has been used for real stars as
well as for planets. Starting by explaining the distances, and how they may appear to the
ohservers (to see the star which does not exist any more), their number, apparent
magnitudes, double and mutiple stars, imaginary view of the sky on a star (planet), star
clusters, by Milky Way, finishing by their structure and composition of nebulae.

3. COMETS

These celestial objects excite a great interest among the people, so, I separated
them from their natural place, the Solar system. Svetislav Kolarovic, professor at the
Orthodox Great Gymnasium in Sremski Karlovei, wrote a long and detailed article
“COMETS “[24]. Historical view, followed by the criticism of superstition, describes what
their orbits look like, explaining characteristics, their number, shape, mass, conditions for
apparition of their tails, comae, nuclei, their structure, extensions; cites theories on their
origins through the history, contens the possibility of existence of living creatures on them,
and, tells some anecdotes.

Short notes announce apparitions, or describe the comets secn earlier. [25] concerns
one seen before, from 22 September 1807 to 27" March 1808, registered again on 1¥ June
1881 (1881 II or 1881b); {26] is devoted to the same , but with more details. (1882 1 or
1882b) has been noticed [27] on 6™ /18" March and it should be seen from our regions
approximately before 21% May/2"! June. It is expected to have an expanded tail, which will
be seen also by daylight {28]. (1882 II or 1882d) has been described in [29] noticing that its
period is about 730 (exactly 760.9) years. The next one is (1885 III or 1885c¢): “...on 22"
August at 8" 26" its right ascension was 206°, and its declination 37° 6' N, and the
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magnitude m=9 [30]. The comet (1887 I or 1887a) has been discovered in Cordoba on 18"
January [31]. Its tail extended approximately 30°,

4. METEORS, METEORITES AND BOLIDES

One more group of object of public interest, and for that reason again separated
from Part 1. were meteors, meteorites and bolides.

P.V.Vyjic translated the article “METEORITES” written by K.Prell [32]. He
describes the structure, chemical composition, movement through the terrestrial
atmosphere, origins, similarities with volcanic ejections, finding of organic material , so,
that there, maybe, exists some sort of life in the space, including the hypothesis that they
might be products of cosmical decompositions.

Another writing on the same subject [33] deals with origins of life on Earth and
discusses the posibilities of its coming from the outer space. Describes their appearence,
structure, sorts, chemical and cristalline composition, volcanic {(from other celestial bodies)
origin, traces of organic material (due to crystals and pseudomorphosis of some minerals).
It closes by mentionig chondrites.

Under the title "STARS ARE FALLING" S. M. (Stevan Milovanov?, professor at
the Great Gymnasium of the Serbian Ortodox Parish in Novi Sad) [34] mentions the meteor
showers on the nights between 21 and 22" April, 10" and 12" August, 12" to 14"
November and 27" and 28" November, citing the historical data, how far they are visible,
how long they shine. In the conclusion states that many astronomers connect their aparition
with comets and their remains. Their shining comes from the friction with molecules of
atmosphere.

Again some short notes inform the readers about intersting events. So [35] is a
letter from Belgrade which describes a bolide which fall in the begining of October 1877
near Aleksinacka Banja. A note by the editor completes the writing. A report about the
session of the Governmental Geological Society in Vienna, of 24" December 1877, sais
[36] that the just referred to was a chondrite.

The people in Cetinje, observing the biue, violet and red sparks in the sky,
between 7 p.m. and 8 p.m. on 24" September 1885, thought that it was a firework [371, but
after that a thunder has been heard about five seconds. Its height could be about ten
thousand meters in NE direction. It has been visible from Bar, Ulcinj, Rijeka, Vir and
Podgorica.

On 15"/27" November 1885 again a meteor shower was seen [38]. The author in
“THE FALLING STARS”, connects them with comets - the former are firm, and the latter
fluid remnants (ascording to H. W. Olbers). The paths are elliptical around the Sun.
Reaching our atmoshere they start glowing. Some historical data are cited.

In the district of Cacak on 19th November, at 2F 30™ [39] a powerful explosion,
which lasted about two minutes, has been heard. There were numerous pieces, some of
them weighting about three kilograms. No lightning has been observed. The chemical
composition is cited.

In Russia, in Cherson district, an aerolit fallen in 1890. In its middle there was an
organic matter composed of carbon and some resin [40].

5. LIVING CREATURES IN THE COSMOS

QOur ancestors were curious (0o, as we are , to know: "Are we the only ones
belonging to organic features in the Universe?". G.A. Hirn wrote "ON WHICH STARS
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THERE MAY BE INHABITANTS” (translated again by S. (tevan) M. (ilovanov)?) [41].
The author mentions the views of B. Fontenelle, H K. Oersted, N. C. Flammarion, C.
Pouillet, Langley and discussed arguments pro et contra. Especially considers the Moon. In
conclusion he cites the conditions for life: a) water in liquid state, b) average temperature
over 0° C, ¢) existence of an atmosphere suffincently dense to preserve that body not colder
than 0° C. One condition more s that this celestial body must have a central star, a sun,
which emit to it light and warmth.

There are again short notes on the same subject such as “ARE THERE IN STARS
LIVING CREATURES?” {42]. A certain Dr. Hahn cxamined some meteorites and found
remnants of corals. The editor hopes that these results will be proved and that in the space
there are some organic creatures.

Another notice is "ARE THERE ON PLANETS LIVING CREATURES?” 421
"On the Moon there is no life. Mercury is unknown to us. On Venus we know only that
there is no atmosphere. Uranus and Neptune we hardly know. Jupiter and Saturn have no
firm crust. Mars is the only one, for which we may assert that life on it is possible, because

there the physical conditions are similar to those on Earth, but are there some living
creatures, and of what kind, nobody knows".

6. CALENDAR

Dimitrije Ruvarac describes “SLAVENO-SERBSKIJ MIESJACOSLOV ZA 1792
GODINU” (Calendar For The Year 1792) [44]. We will focus our attention on the
astronomical part of it. "Astronomical forccasting for the leap year 1792" includes: On
winter, On the reiging planct, On spring, On Summer, On autumn, On eclipses.

Prof. Andrija M. Matic wrote "CORRECTION TO OUR CALENDAR” [45]. That
is a commentary on the fetter to the Patriarch of Constantinople, written by Serbian
Metropolitan Mihajlo proposing the election of a council for correcting of the Julian
calendar according to astronomical data. The historical facts on both calendars are cited,
and their errors are given. J.H. Maedler’s proposal was recommanded. Namely, after each
128 years one must omit a leap year.

Dimitrije Ruvarac recommends “HOW ONE MAY IN THE EASIEST AND
FASTEST WAY RELIABLY FIND THE WEEKDAY OF A GIVEN DATE?" [46], with
worked out examples,

7. HISTORY OF ASTRONOMY

In this case we will follow the chronological series of evenis. “A SERBIAN
EXPERT” [47] informs the reader, inter alia, that "In the year 1404 a monk from the Mons
Athos named Lazar, a born Serb, made in Moscow, at the court of the great duke Vasilij
Dimitrovic, the first tower clock which struck hours™.

Marko Car desribes the life and work of “GIORDANO BRUNOQO” [48].

The merits and troubles of “GALILEO GALILEI" are reported in two parts [49].

An anecdote on “ISAAK NEWTON AND A SHEPARD” recorded his ignorance
of meteorology [S0]. .

The celebration of the centennial of the death of Rudjer Josif Boskovic took place
in Beograd on 10" February 1887 [S1]. A communication describes his life and the
programme. It included a performance, in one act, "A Day In Life Of An Astronomer”
written by Jean Mirvole, describing the strugle of Johann Kepler's scientific work against
astrology.
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Another report of Jozuf (sic) R. Boskovic [S2] was written by Hadzi Rizvan. It
gives some details on scientist's origins,

The article by A. Bernstein”"WHAT MIRACLES WILL THE ASTRONOMY
DO” [53] was translated by Vaso T. Gavrilovic (who died as a student of philosophy, and
who translated the book "Some Facts On The Life Of Earth And The Velocity Of Light"
by A. Bernstein and "From Earth To The Moon And Around The Moon" by Jules Verne,
etc) gives a complete picture of work done by Urbain Jean Joseph Leverrier on discovering
the planet Neptune.

A short note communicate that KARLO LITTROW [54] died at the age of 67. He
was the son of Joseph J. Litrow, after whose death in 1842, he became director of
astronomical observatory in Vienna.

Under the title “THE WORK OF RUSSIANS IN THE SCIENTIFIC FIELD {55],
among others the role of Fjodor Aleksandrovic Bredihin, in exploring the comets,
especially of their tailes, was mentioned.

A necrology on the passing away of Dr. Djordje (Georgije) Maksimovic [56] was
published. Living as a city doctor in Sombor he had hobbies: meteorology and astronomy.

8. MYTHOLOGY

Pavle Padejski wrote an article on “MYTHOLOGY AMONG ANCIENT SLAVS”
[57]. He discusses the roots and the etymology of names. The sky with Slavs was a round
rock. The God divided it into halves, the one he took in his right and the other in his left
hand - the latter was given to the devil. One may suppose that the word "nebo" has been
taken from Sanskrit “nab hasea”, or from the Aryan “nebo, nabo”. The son of the highest
god Svarog was Dazbog - benefactor, the Sun itself. Rugevit or Ranovit had seven faces
and seven swords; he has been taken as a god of summer Sun. At the same time when a
baby is born, in the skies there appears a star. It is not good to look for it because if he by
chanse catches on it, the star falls and he dies.

9. COSMOGONY

Following German sources Svetozar Stamatovic wrote “THE HISTORICAL
DEVELOPMENT OF THE WORLD NOTION™ [58]. It is a detailed historical essay
starting with Greek philosophers (Homer, Thales, Platon, Aristotheles, Eudoxos...), then
over medieval scientist (G. Purbach, N. Copernicus, Tycho de Brache, J. Kepler, ...),
concluding with modern ones (C. Huygens, 1. Newton, G. Galilei, W. Herschel). Their
views have been described.

A reviews of the book "THE STUDY OF SOCIOCLOGY’ by Herbert Spencer,
Henry S. King & Co, London, 1874, was published [S8]. It concerns the thoughts of A.
Humboldt and J. Herschel on origins of the solar system.

One more writing by S{tevan) M(ilovanov?) is “HOW THE WORLD SYSTEM
ORIGINATED” [60], again following German sources. The hypotheses of Woodward,
Burnet, Leibnitz, Whiston, Buffon, Franklin, Lichtenberg, Newton, Laplace, Plateau,
Faraday, and some experiments performed by them, were described. As we may see the
main attention has been paid to the XVIII century.

“NEW OPINIONS ON THE WORLD GENESIS” [61] written by Dobroslav M.
Ruzic. He communicates on earlier coclusions of scientists, how the life may have come to
the Earth. Cited were, Thomson, Hahnstein, Chladni, Hahn, Preiss, Darvin, Weinland,
Jaeger and their works.
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Ideas of P. Tunch, N. Lockyer, Nitzelnadel and others were reported in “WHAT
DO THE SCIENTISTS SAY ON THE DESTRUCTION OF THIS WORLD?’[62] by
M.D.D.(ejanovic?). One of reasons may be an explosion of a star (according to the event in
November 1572). Another is a gigantical body travelling through tha space. The last one is
the “falling” of the Earth on the Sun as a consequence of gravity.

10. BOOK REVIEWING

In the year 1880, the printing shop of Arsenije Pajevic, cdited in Novi Sad the
translation of the  N. Lockyer’s "ASTRONOMY[63], by Djordje Natosevic. M Petrovic
gave a thorough description of the contents. Particular value of this book is a plenty of
Serbian names of celestial bodies, constellations and terminology used.

11. ASTRONOMICAL INSTRUMENTS

“A NEW TELESCOPE”, [64], is a noticc on a new instrument. Sir Henry
Bessemer installed it in his home, on Denmack Hill, by means of which he will be able to
read newspapers in Crystal Palace, in London, at a distance of 3.5 miles, so powerful was
its construction.

“THE BIGGEST TELESCOPE”, [65], has been mounted in California, at an
altitude of 1000 meters. The wealthy American, Jacob Licky, built the whole observatory
at his expence, but he did not live long enogh to see the institution finished. He made it for
the benefit of science

12. ECLIPSES OF THE SUN AND THE MOON.

A.M. Matic announces the “TOTAL ECLIPSE OF THE MOON?”, {66], and gives
details: it will be seen in our county on 15"/17" February 1877. At the same time he gives a
description of the whole phenomenon.

In the same year there were two more eclipses. Only the “ECLIPSE OF THE
MOON™, [67], will be visible in Novi Sad in the night between 11"/23 and 12"/24"
August 1877. The eclipse of the Sun will not be visible from our country.

“THE PARTIAL ECLIPSE OF THE MOON" will be on 16"/28" December 1879.
The data are given for Berlin. For Novi Sad one must add 26™ approximately [68].

An “ECLIPSE OF THE SUN" will be on 5"/17" May 1882. In Africa it will be a
total, but in our county it should be visible only a partial one [69].

There is a report on the lecture, under the title “HISTORICAL ECLIPSES”, {70],
given by Prof. Oppolzer, in Vienna. He described eclipses of the Sun, throughout history.
After his calculations Christ has been crucified on 3™ April 33. On that day there was, in
Jerusalem, a partial eclipse of the Moon, and the Sun apparently covered by clouds, at the
time.

“THE TOTAL ECLIPSE OF THE SUN", [71], will be seen on 7"/19™ August
1887 in our region, but the beginning will be before sunrise.

In "SCIENTIFIC GAINS OF THE LAST ECLIPSE OF THE SUN™, {72}, bearing
on the one of the 7"/19™ August 1887, the author concludes that German, English, French,
Italian, American, Belgian and Russian expeditions were sent to several places on the
surface of our Earth, where, one expected, that the conditions of observations should be the
best. To the great dissapointment on all places clouds, fog, or rain prevented the
observations. Only the twilight could be noticed.
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16. CONCLUSION

There were several magazines in Serbian in that time. We chose “JAVOR” AT
RANDOM. Therefore no one knows what others, of similar kind, contain on astronomical
matter. I hope that there will be enough time to page them also.

We may conclude that among the Serbs, there was a vivid interest concerning
these natural phenomena, and that the editors paid due attention to. Serbs living in
neighbourhood and in Diaspora were always ready to help them in their efforts to
communicate the news and explain the Universe scientifically.

There was no sign of maintaining superstitions, such as e.g. astrology, which we
experience today, every day, from all sides, in all media!!! What do we, or the authorities,
which are obliged to educate the youth, to prevent the spreading of stupidity and the driving
crazy our people???

The teaching of Astronomy with the framework of geography and physics is not
enough!!!

IT IS THE LAST TIME FOR INTRODUCING ASTRONOMY AS A
SEPARATE SUBJECT INTO OUR TEACHING!"! OTHERWISE WE WILL BE
GUILTY OF ALL THE CONSEQENCES!'!!
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Abstract. Stark shifts of thirteen singly charged krypton (Kr II) ion spectral lines have
been measured in the linear, low pressure, pulsed arc at 17 000 K electron temperature
and 1.65x10°% m~3 electron density. The measured shift values have been compared to the
theoretical data calculated by us by using the modified semiempirical method.

1. INTRODUCTION

For the first time by means of the GGoddard high resolution spectrograph on the
Hubble space telescope, krypton has been detected in the spectra of the interstellar
medium (Cardelli et al. 1991, Cardelli and Mayer 1997) which represents the material
from which the young early type stars (as e. g. Ap and Bp type stars where Stark
broadening data are of interest} are formed {Leckrone at al. 1993}. Moreover, krypton
is present in many light sources and lasers as the working gas. If the Stark broadening
is the principal pressure broadening mechanism in plasmas (with 10?2 - 1027 m~3
electron density), it is possible to obtain from Stark width and shift values other basic
plasma parameters as e.g. electron temperature (T) and density (N), essential for the
stellar atmospheres modeling. Consequently, the knowledge of the Stark broadening
parameters (the width and the shift) of ionized krypton (Kr II) spectral lines is of
interest for plasma diagnostic purpose.

In the case of the Kr Il Stark shift investigations the available literature is poor.
Namely, since the first Kr 11 lines Stark shift investigation {Mandel’shtam 1962}, only
one experiment (Vitel and Skowronek 1987) provided reliable Stark line shifts of three
Kr II spectral lines. In Di Rocco et al. (1989) Kr II line shifts have been investigated
but without a reliable plasma parameter determination so that the comparison with
our results is not possible. In this work we will present measured and calculated Stark
shift (d) values of fourteen Kr 1l spectral lines. Stark shift values of eleven Kr II lines
were not known before.

Measurements have been performed at 17 000 K electron teraperature and
1.65x10%% m~2 electron density in krypton plasma created in the linear, low pres-
sure, pulsed arc discharge. The d values have been calculated within the frame of the
modified semiempirical method.
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2. EXPERIMENT

The modified version of the linear low pressure pulsed are (DjeniZe et al. 1991 -
Milosavljevié¢ and Djenize 1998) has been used as a 'plasma source. The working gas
was pure krypton at 130 Pa filling pressure in flowing regime. Spectroscopic observa-,
tion of isolated spectral lines was made end-on along the axis of the discharge tube.
A capacitor of 14 puF was charged up to 1.5 kV. The line profiles were recorded us-
ing a shot-by-shot technique with a photomultiplier (EMI 9789 QB) and a grating
spectrograph (Zeiss P(iS-2, reciprocal linear dispersion 0.73 nm/mm in first order)
systern. The spectrograph exit slit (10 jum) with the calibrated photomultiplier was
micrometrically traversed along the spectral plane in siall wavelength steps (0.0073
nm). The averaged photomultiplier signal (five shots at the same spectral range) was
digitalized using an oscilloscope, interfaced to a computer.

The Stark shifts were measured relative to the unshifted spectral lines emitted by
the same plasma and have been corrected for the electron temperature decay. Stark
shift data are determined with £0.0008 nm error at given N and T. The electron
temperature was determined from the ratios of the relative intensities of nine Kr 11
spectral lines with an estimated error of £9%, assuming the existence of LTE, ac-
cording to the criterion from Griem (1974). The electron density decay was measured
using the well known single laser interferometry technique (Ashby et al. 1965) for
the 632.8 nm He-Ne laser wavelength with an estimated error of £7% . The electron
density and temperature decay are presented in Milosavljevi et al. (2000) (Fig. 5).

At 20ps and 300us after the beginning of the discharge, when the Kr II spectral
line center positions were obtained, the found electron densities were 1.65x10%° m~3
+7% and 0.03x10% m~3 £80% , respectively.

3. METHOD OF CALCULATION

According to the MSE approach (Dimitrijevié¢ and Krsljanin 1986) the electron Stark
shift is given as
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where the initial level is denoted by 7 and the finad one by f the square of the
matrix element {R2[n 6, ng(6p £ 1)), k=14, f} being

¥ . . ;71 [‘> Py 1 i =" %9 s
R[nele, np(fe £ 1)] = { )2 . ST 1(nk" = )P gyl ) {2)
and
9 ISn; ._,l o . .
(Z Ritdapsn = (3) ;}'(?’;-" + 30+ 30 + 1) (3)
= 2

where 5 = max{(#;, {1}, £ denoting the angular momentum quantum number.

In Egs. (1 - 3) N and T are electron density and temperature, respectively,
and ©? is the Bates-Damgaard factor tabulated c.g. in Oertel and Shomo (1968).
Here, g{e), gsn(@)sn and gla), gen () are the semiempirical {Griemn 1968) and the
modified semiempirical (Dimitrijevié and Konjevid 1980, Dunitrijevi¢ and Krsljanin
1986) Gaunt factors for Stark width and shift, respectively. The factor e4p =
([Z'A»« - E}C)

its perturbing level. The sum Y7, & is different from zero only if perturbing levels

Ey ], where Ej, and Epo are respective energies of the considered and

strongly viclating the assumed approximations exist and may be evaluated as

" E ,
0 = iR“;i/[."R":( 1‘7‘%’2?) + fth('l'u..lz,-i'} H (1}
for upper level, and
bf = q:R’J ! [!I”'( , ,’ ) + ”F/l('l‘n RIYE )]‘ (.'))
1! L\b],/' 1y

for lower level. In Eqgs. (4) and (5) subscripts correspond to AR ;0 < 05 &py g =
kT (227 Eg), where AE . = |Ep — Epi, ny is the principal, nj the effective
principal quantu nwnber, E = 347/2 and (Z — 1) is the lonic charge.

4. RESULTS AND DISCUSSION

Tlie needed atouiie energy levels for Kr 11 have heen taken from Sugar and Musgrove
{1991). The results of the meu\'urml Stark shift (d,,) vahues at T=17 000 K electron
temuperature and 1.65x10%2 173 electron density are shown in Table I Our theoretical
dyy, values are presented in Table 2
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Table 1. Measured Stark shift (d,,) values for the Kr II lines at the observed electron
ternperature (T) of 17 000 K and electron density (N) of 1.65 x 102 m~3. Positive
shift is toward the red.

Transition Multiplet A {nn) dm (m)
5s-Hp *Ps;0-"P03)0 465.89 -0.0010
Pyo-tPY 0 483.21 -0.0014
4P50-*D% 0 435.55 -0.00
P5,0-1D% 0 473.90 -0.0014
4P3/2—4D“5/2 476.57 -0.00
2Py 0-2PY ) s 484.66 -0.00
2Pg-2P0% s 461.53 -0.00
2P3;-"D% s 461.91 -0.00
5s"-Hp’ ED;,/:T?FO;»,/Q 463.39 -0.0018
2Dy 9-2F05 457.72 -0.00
2Dg/a-2PV%)5 447.50 -0.0017
D5 )2-2D% 9 408.83 -0.0017
5p-5d D% 9-*F7/9 377.81 0.0090

Table 2. Stark shift values (d in nm) calculated by using the modified semiempirical
method (Egs. 1-5) for the Kr Il spectral lines, at 1023 m=9 electron density.

T (107 K)

A (nm) ! 2 3 4 5

473.90 -0.0101 -0.0074 -0.0063 -0.0058 -0.0056
465.89 -0.0111 -0.0082 -0.0070 -(.0064 -0.0062
483.21 -0.0111 -0.0082 -0.0070 -0.0064 -0.0062
435.55 -0.0083 -0.0061 -0.0051 -0.0047 -(0.0044
476.57 -0.0089 -0.0066 -0.0056 -0.0051 -0.0049
484.66 -0.0125 -0.0092 -0.0078 -0.0071 -0.0069
461.53 -0.0104 -0.0076 -0.0064 -0.0058 -0.0055
461.91 -0.0099 -0.0073 -0.0061 -0.0055 -0.0052
463.39 -0.0056 -0.0036 -0.0029 -0.0028 -0.0028
457.72 -0.0081 -0.0066 -0.0056 -0.0051 -0.0049
447.50 -0.0103 -0.0071 -0.0057 -0.0051 -0.0049
408.83 -0.0065 -0.0047 -0.0039 -0.0035 -0.0033
378.31 0.0057 0.0107 0.0134 0.0149 0.0154
377.81 0.0076 0.0128 0.0155 0.0168 0.0172

One can conclude on the basis of the Table I. and Table 2., that the d,, values are
very small. Within the accuracy of measurements (0.0008 nm) many of them were
equal to zero. Our calculations give higher absolute d values than the measured ones.
Our calculated and measured Stark shift values, in the case of the Kr II lines (Table
L. and Table 2.), have the same sign. For the lines that belong to the 5s-5p and 5s'-
5p’ transitions d i1s negative and for lines from the Hp-5d transition d is positive. Qur
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measured d,, values confirm the observed negative sign by Vitel and Skowronek (1987)
for three Kr II lines (473.90 nm, 465.89 nm and 435.55 nm). Evident Stark shift, in
our measurements, was observed only for the 377.81 nm Kr Il line which belongs
to the higher lying 5p-5d tranmsition. In all cases the shift values are considerably
smaller than width values. This indicates that particular important contributions
have different sign and that their mutual cancellation results in shifts much smaller
than widths. Since the assumed accuracy of the method is 50 % of the width value,
the reliability of these small shifts is much lower. Therefore, d,,/d ratios are not
presented in this paper.
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AHAJIN3A NIOACUCTEMA MJIEUHOT IIYTA

CJIOBOIAH HUHKOBHWTR
Astronomska opservatorija, Volgina 7, 11160 Beograd-74, Jugoslavija
E-muil: sninkovic@aob.bg.ac..yu

AGeTpakT. AyTop aHaJmMsumpa noacucteme rajaxcuje Mueuum nyT noaasehm onx maeja
H3HECEHHX Yy auTepaTypH o MoryhHocruma nocrojama moceGHUX oacUcCTEMA.

1. YBOI

Uneja o xereporenoj crpyktypu Hallle [amakcuje - Muaeunor nyra (MII) - je
peoma crapa. Pajgosu JluanGunana (1925) u Baneg (1944) cy no6po nossaTu.
Morno 6u ce pelin 1a o BUX U NOTHYY ABA U3PA3a KOJU C€ U HAaHAC Y BE3M C
TUM BeoMa 4ecTo KopucTe. To cy uspas nodcucmem v napas nonyaayuja. pswu,
koju motude of JIMHAGAana, oAHOCH Ce HA IPOCTOPHY pacnoReny (roja je oner
NOCAe U HAUMHA KPeTama), JOK APYTY yanuMa y o03up U GU3MUKe KapakTep-
neTUKe objekaTta MueuHor myrta. Y JaHalulse BpeMme ce ynoTpeba oBuX u3pasa
gecTo npemianhe. AyTop 0OBOr IPUAOTIa HAMEpPaBa Ja KOPUCTH U3Pa3 MOLACHMCTEM
Gyayhn na ce oHmga monasu on npocropHe pacnogedste, Opa nocienma je, Kao
mTo je Beh peveHo, nociiequila HAMUHA KpeTalbha KOJU je, Ca CBOJe CTpaHe, y
KOpeJalrju ca GM3NYKUM KapaKTepUCTUKaMa Ha IITa je HPBU ykaszao Bage.
Hakne, npuankom nedurucama jemunor noncucrema MIT uajope ce oapebyje
3aKOH OpocTopHe pacnofene y MII koju caean natu ckyn ofjekaTa oBe rajak-
cuje. MaTeMaTUUKM TIPUKA3 OBUX 3aKOHA ce Yy YoOHUajeHo] TEPMUHOAOTU]M 30Be
Modea MIL. Y oBom TekcTy HaBode ce HOACUCTEMU TipeiialaHyd Of CTpaHe pa-
3MAYUTUX ayTOPa U aHAJIU3UPa Ce BUXOB 3Hauaj v A0NpUHOC YKynHO] Macu MIT.

2. IPETVIEN ITOOCUCTEMA

a) lipHa pyna y cpeaury

3Ha ce Aa cy UpHE PYHe JONI YBEK XUNOTETUYKHA O0JeKTH, alld Ce Y HOoC/Ielibe
BpeMe cMaTpa, Mo CBOj NPWJIMIM ¢ NPaBOM, Aa TAKBU OBJEKTU 3aMcTa MOCToje.
3a MII 1 npoyuaBame rajakcuja yonulTe OX MHTEPECA CY H3Y3€THO MacHUBHE
upHe pyne Koje 6u TpebBaso Ia ce HaJase y BUXOBUM CPEAMIITUMA (LEHTPalHe
upre pyne - HIIP) (ra op. Tpemejn u np. 1994). [Ipema npeauMubapHuM npo-
pauynmma maca LIIIP moraa 6u na 6yze 103-° M. Hbheno nopekno ce uecto
Besyje 3a kBaszape. Kaga je peu o moneny, ¢opmyne 3a LLIP cy jemxnocrasue,
IImpaxosa § - GYHKIMjA 3a TYCTUHY, OJHOCHO U3Pa3 3a MaTepU]alHy Tauky y
ciy4a}y HOTEHIMJAA.
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6) Jearpo

Huje cacsum jacHo mTa ce noapadymepa nol nojMom jesrpa (edri. nucleus),
Tj. cXBaTamka PAIJUUUTHX ayTopa ce pazivkyjy. Hexu non tum noapaszymenajy
ofinacT akTMBHOCTH faTte ranakcuje. MI1, noayuwe, He cnaja y akTUBHE rajiak-
cuje, MePyTUM TparobBu eBeHTYAJIHe paHvje akTUBHOGCTH CY, pasyMe ce, TIpoc-
TOpHO orpannueHn. Ha ocHOBY U3NOKEHOr JACHO je Ja ce CXBaTalbha pasiuuuTux
ayTopa O 3alpeMUHM U MacH Je3Tpa PasjiMKyj]y, peluMo noJdynpednuk oko | pe,
maca oko 1 x 107 Mg (Xaya, Euracto 1989). Moxaa ce jearpo Morxke moBe3aTu
ca ocobenomhy rpaguka rycruHe s3a Belie noacucreMe NO3HATOM I10J MMEHOM
HBPX” (ewra. cusp)?

8) Cpeanilme 3rylimbeme

OBJe ce paay 0 DOACUCTEMY KOMe DM ce Npuimcadia , 0aroBopHoOCT” 3a NOCTO-
Jame eBEeHTYAMHOT U3PAKEeHOT MaKCUMYMa Ha KPHUBO) poTalmje (Tauumje KpyskiHe
6p3une) cMmelteHor Ha oko 350 pe oa cpegmmra Maeunor nyta (wa np. Xayn
1979). Maca oBor noxcucrema 6u Takobhe Moria na uma pen seanmuune 109 M
(ga up. Merposekaja, Huakopuh 1Y93). Ycnosao 6u ce 3a opaj nogacucrem Mo-
rao NPUXBATUTHU E€HIVIECKM TepMUH inner bulge, npe cBera, 3aTo wrTo MHOrM ay-
topu 3a obmract MII ynyTap | kpe on cpemuirra kopucte u3pas bulge (aa en-
IJIECKOM), Al MOACHCTEM Ca TaKBUM HMeHOM je nocebHa nenuHa (va np. [leTpo-
BcKaja, Hurkosuh 1993, ¢ HamoMeHOM [a 0BU ayTOPM HUCY KOPMCTWIIM MU3Pa3
inner bulge). Ha kpajy tpeba, cBakako, pelin ma nocrojame oBor muspaseHor
MaKCMMyMa Ha KPHUBOj poTaiije Huje omuTe npuxsalieHo u na nocroje m anrep-
HATUBHEe WMHTepHpeTauyje KPUBe POTalMje I'le TAKBOI MAKCUMYMa YOILUTe HeMa,
{na np. denen, Bunu 1998).

r) Henrpanau opan

HenTpaJHy OBaj je M3pa3 KOJU ayTop OBOT NPUJIOTa NPeJIavKe 3a OHO INTO
ce Y aHrIOCAKCOHCKO] JuTepartypu obuuno Hasuba bulge. Hema cymme na mnoc-
TOJalme OBOD MoJACUcTeMA HUje cnopHo. OH GUrypuule y TOTOBO CBUM MOJeuMa
MII. Hberos obauk je chepudal npemMia ce CHBOIITEHOCT YeCTO He 3aHeMapyje.
Yrynaa Maca usHocu Herde | —2 x 109 M, 1 oHa je mpeTesHO CKOHUEHTpUCAHA
YHYTAP rajlakTOLUeHTPUUIHOT pamvjyca | — 3 kpe (Ha np. Beron 1986).

A} Huck

Osne ce takobhe pamu o noJcucreMy 4uje je MocTOjalkhe HEOCHOPHO, MOMXKAA
HEOCHOpPHUje 0 GUJIo KOr APYVIOr jep ¢e 4ecTo AMCK CMAaTPpa Kao Heka BpcTa
MIl y yskem cmucay. OBakso cxBaTame HUje Oe3 pasnora jep cse go otkpuha
TaMHe MaTepuje AMCK je BaXKMO, He caMo 3a HajcjajHuju nogcuctem MII, Hero
U 3a HeroB HajMAaCUBHM)U nojcucteM. (JcUM BeNUKe CIBOMITEHOCTH 110 KOjoj je
HOBUO UMe, a Koja MMOTUYE Ol BheroBe Bpse poranuje, AUCK je MO3HAT M [0 TOMEe
WITO BHerOBU 06JeKTH Y MPOCEKY CALPHKE PETATUBHO 3HATHE KOJIMUYMHE XEMUjCKUX
eJleMeHAaTa TeXUX Ol BOAOHMEA M XedujyMa. ¥Y TOM MOTIedy MOCTOJW U3BECHA
CIUYHOCT U3MeDy AucKa U LHEeHTPASHOP oBaja,

I'paba avcka je cnoxkena. Moxke ce roBOPUTH 0 HEKOM ,,OCHOBHOM IMCKY™ KOJU
caJIKN Aajieko Hajsehu A€o 1heroBe yKynHe Mace U re ce IpocTopHa pacnojena
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ofjeraTta oMIMEY)e 0BPTHOM CUMeTPHUjOM. 3a 0Ba) 4eo IUcKa ce Hajuemle mpn-
MeBYje T3B. eKcIoHeHIU)anna popmyia: o(R)exp(—aR) (va np. $dpumen 1970),
rae je oK) moBpmuHCKa rycruHa merope Matepuje, R je pacrojame X0 oce
cumetrpuje (potarmje) MU, nok je koHcTaHTa O3fadeHa ca o PELMITPOUHA Bpe -
HOCT KapaKTepUcTUUIHe AY@»UHe 3a osaj auck. Ocum Tora, opmiTe je OO3HATO Aa
Ce MIafe ¥ CjajHe 3Be3lle AUCKA, BeNM Jeo pasBejanux 3pe3fadHuX jaTta U Med-
1y3BesllaHa MaTepHja KOHHeHTPUITY y ofIuKy ciupaiiux rpana. (0 Apyre cTpane
HHUJe UCKBYUYEHO Ja U3BECTAH Je0, HAPOUUTO cTapujux ofjekaTa, AMcKa TeXN Oa
ofpasyje HEKM JUCK Male CINLOMTEHOCTU KOJU YecTo Hasubajy aebesn OUck
(erra. thick disc, na np. Bexon 1986). Unave ykynmna Maca JMCKa ce 4ecTo HPo-
ek y]e 1a HEKOJMUKO JeceTUHa Muanjapan CyHUYeBUX Maca M CKOHLeHTPUCaHa je
yraasHoMm yuyTap oko 15 kpe o cpemmmrra MIT (Ha np. Bexon 1986).

h) Xasno

Xano je takobe nobpo noznar noacuerem MIL, y najmamy pyky omoauxo
KOMUKo U ruck. OBUYHO ce oBa ABA [IOJUCUCTEMA Y3IUMAjy Kao CyNpOTHOCTH.
IInck je BeoMa CIVBOLITEH, XAl0 je cKOpo chepaH, 00jeKTu IMcKa cy pellaTUBHO
GoraT XeMUJCKUM eJIeMeHTUMA TeXKUM OJ BOJOHMKA U XelM)yMa, 3a Pas3iiuKy
ol ofjekaTa XaJoa KOJU Cy BPJAO CUPOMALIHU TUM UCTUM elleMedHTuMa. Mea-
JYTUM, OpeMia cy BUXOBe YKYNHe Mace CKOHIEHTPUCaHe YHyTap NpubIpKHO
WMCTUX MajlakTOLEHTPUUHUX PacTojatba, YKYyIHA Maca Xajlod je, MoCBO) HPUJINLM,
3HATHO Makba 0 yKYIHE Mace JUCKA - OHA U3IHOCHU, penumo, 2 — 3 x 107 M, (na
np. bekon 1986).

e) TaMHM noacucrem

Tamua Matepuja je ganac wupoko apuxsalien nojaMm npeMaa je mmena opupona
JoI yBeK HejacHa. 3a NoJAcucTeM Koju oHa obpaiyje KopucTe ce pa3jiuduTu
mapasu. Heku ra 30BY TaMHM XaJ10 MJM camo Xado na onaa xano (. D) nazusajy
HEKUM JIPYPMM MMEHOM, pelmmo cdepoua (Ha ap. bexkon 1986). Y osom npusory
ouhe kopumhen uzpaz tamun nogcuctem (TII). Ykparko y autepatypu ce 3a
mera oOUYHO y3uma NpPUOIMKHO chepHU oDAMEK, BeoMa Belmk pamjyc {(» 100
kpe) n BpJo Beauka mMaca (permmo oko 1 x 1012 My, - [MeTposekaja, Hunkosuli
1993). Kao mro je noznato, yiaora Tl je na oapskasa rpasuraum)cku MII 3601
BeJIMKe KMHETUUKe eHepruje poTalmle.

3. IMCRYCHIJA

Yuytap oBor ckyna nogcuctema MII smorso 61 ce usppumy cueaehe rpymiaca-
he:

a) cpeduUIbU NOICUCTEMU

6) PACHPOCTPTU MOACUCTEMUA.

Y mpBy rpyIy ayTop oBOr INpuaora 6u cBpetao noxcucreme a-r. O mux, Kao
urro je Bell pedeHo, HEHTPANHU OBAJ OPEACTABHA HE3a0OUNAZUU TOJCUCTEM,
Ges kKora ce roToBo HUjenad monen MIT ue moxke zamucmuru. IIto ce Tnue
OCTAIUX, He O Tpefallo MUCIIMTA Ia OHU He noctoje. BepopaTtHo cy cpu oHuM
ctoapau (Moxkaa je noctojawe [P mMano npoGaemaTnuno), aju LeHTpaJHA
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OBaJ, BPJIO BEPOBATHO, UMa PeJIATUBHO CJIOKEHY CTPYKTYPY, Tj. OH, IO CBOJ
OPUWIIKIM, YKBYUYje y cebe ocrale cpelUlibe nogcucteme (6 M B) MITO ce Moxke
BUAETH U3 OKOJNHOCTU Aa YKy[IHe Mace [OMEHyTa ABa UMHE CPA3MEpPHO MaJiy
OPOLEHAT heroBe ykynHe Mace. Oso Tepheme 61 ocTallo Ha CHA3U U Kaja Ou ce
LeHTPAJTHOM oBaly npukmyunaa [P,

3a nogcucteme apyre rpyne moke ce pehu cuegehie. Iuck uma 3naTay cpea-
By IYCOTUHY ¥ Morao OM ce yHopeauTy ca cpeIUIiBUM HOACHCTEMMMA, KOJU
MHAYE, N0 JeGUHALM}YA, UMA}y BeJUKy cpeamy ryctuty. Xanao n TII umajy spao
Maay cpeimy rycruny. Osa) npemn 300r Major paiujyca MMa U BPAO Majy
VKYTHY Macy # 3000 TUX OKOJHOCTH He cMaTpa ce OUTHUM y OpOpPauyHy TpaB-
wranmosor gosma MIT Hakae. Huje uyiHo HITO POTOBO CBU AKTYENHU MOLEIU
MI1 yeBajajy TpM moAcuceTeMa - Hewrpainu oBad, avck u TI. dopmyne za
TYCTHHY Cy J0OCTa KOMIJIMKOBaHe fia ce 3aTo obaj npuior Hefie wuma Gasutu. C
Apyre cTpaHe, HOTEHUMjaJd npyxka AoOpy anTepHaTuny. AKO je OH aHaJIUTUUYKA
nart, Mory ce, ¢ o63upom nHa ciojersa [ToacoHoBe jeanadunbe, JIako M3padyHaTu
M I'YCTUHA M OCTajle HeONXOAHe BedinduHe. Bapu)aHTa ca MOTEHHM)aJloM JATUM
aHAJUMTUYKM MMa TakoDe mpesgHocT kasa Tpefa padyHaTU TaJIaKTOUEHTpUYHE
nyTaibe npobHux objerarta.

Hajnosnatuja, a TakoBe M HAJjEAHOCTABHM}A U CAMUM TUM HAJBUIIE IPUMEHU-
Bana, GpopMyia 3a NoTeHIr)ad je, ceakako, [Taamep-llycreposa ¢popmyna. Ona
ragacuy

GM
(2 + b2/

rae je H norennmjan, (7 koucranrta rpapurauuje, M yKynoHa Maca AaTOD 3Be3-

IT =

AAROT cucTeMa (MM MOACHCTeMA), 1 je pacTojambe A0 cpeunrta m b je KoH-
cTadTa. Kao mTo ce jacHo puwiy, oBa GopMydia je chepuo cuMmerpudta. Jlakiuae
OHA €€ MOKEe TPUMEHUTH HA HOJCUCTEME KOJU HeMay U3pakeHy CINLOTITeHOCT,
a Mehy HOMEHYTHM TO €Y CBU OCUM Jmcka; 3a noceban cayua] [HUP koucranra
b 0w Ouna jeaHaxa Hyau. Y KOJWKO Ce HAPRallaBa CJHOKEHOCT CTPYKTYpe MOA-
CUCTEMA, PELMMO 3a HeHTPAJJHNA OBAJ, MOMXe ce Yy UMCHUOLY YBECTW JOII JeJHA
KORCTAHTa Kao cabupak ucnpea kBajapatHor kopena (na op. Hunxosuh 1998). Y
clyJaly Kada ce CIVROIITEHOUT He Mo3Ke 3aHeMapUTH (OpuMep aucka) Hajdeltlie
ce npuMemyje Mujamorto-Haranjensa popmyna (Ha np. Hunkosuhi 1992).
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KINEMATIKA UZORKA OD 269 VIZUELNO DVOJNIH ZVEZDA

D. OLEVICi Z. CVETKOVIC
Astronomska opservatorija, Volgina 7, 11160-Beograd 74, Jugoslavija
E-mail: dolevic@aob.aob.bg.ac.yu
E-mail: zcvetkovic@aob.aob.bg.ac.yu

Abstract. Uporedjivane su odgovarajule polarne koordinate {(p i ) iz kataloga WDS i
HIPPARCOS-a jednog manjeg uzorka vizuelno dvojnih zvezda. Analiza je pokazala da je
velina razmatranih dvojnih zvezda dinamicki vezana.

1. UVOD

U okviru programa Hipparcos posmatrano je oko 8000 veé poznatih vizuelno dvojnih
i visestrukih sistema. Za njih su, pored koordinata, sopstvenih kretanja i paralaksi,
odredjene i polarne koordinate p 1 8. Svi podaci su dati za epohu J1991.25 .

Do danas je za vrlo mali procenat veé poznatih vizuelno dvojnih zvezda potvrdjena
dinamiéka veza. Razlog ovoga su. uglavnom, dugi periodi rotacije oko centra masa koji
znatno prevazilaze vreme od kada je pocelo sistematsko predenje njihovog relativnog
kretanja (oko 200 godina).

Katalog WDS - Washington Double Star katalog (Worley and Douglass, 1984),
pored ostalih podataka, sadrzi i polarne koordinate prvih merenja (p i ) dvojnih
sistemna. To omoguduje da se iz uporedjenja polarnth koordinata iz kataloga WDS sa
odgovarajuéim koordinatama iz Hipparcos kataloga, 1 vodedi ra¢una o paralaksama
(), 1zvedu neke dinamitke karakteristike.

Preliminarna ispitivanja izvrsicemo na uzorku od 269 vizuelno dvojne zvezde uzete
iz Beogradskog kataloga vizuelno dvojnih zvezda (Sadzakov i Dacié, 1990), &ije su
disparicije 1” < p < 10”.

2. FORMIRANJE TABLICE PODATAKA ZA ANALIZU

Polarne koordinate p svakog dvojnog sistema su prevedene iz luénih sekundi [*] u
astronomske jedinice [AJ] na sledeéi naéin:

pAJ - p”/ﬂ,”

i na taj naéin su postale medjusobno uporedive.

Promene u p za razmatrane razlike epoha su bile neznatne, te je uzimana njihova
srednja vrednost. Promene u pozicionom uglu (A#f) za isti interval (At) ralunate su
po formuli:
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A6 _ |fmipp —Owps| _ 4
At tarpp —twps
Zbog kratkode luka A€ u statistickom smislu bilo je ispravno A8/At zameniti
izvodom.

Potom je izvrSeno usrednjavanje p i g po intervalima Ap = 50 AJ . Dobijeni podaci
predstavljeni su u Tabeli 1. Graficki prikaz zavisnosti § od p4y dat je na Slici 1.

Tabela |. Usrednjene vrednosti pay 1 8 x 10~ u radijanima.

PAJ 4 x 10_5 £aJ g x 10—5
79 531 578 23
125 206 623 19
186 180 669 24
224 86 718 44
271 98 782 59
325 66 831 70
375 38 881 14
426 70 918 19
477 23 968 9
521 17

00

6

500

400 -

300

200

100

Pay
e 1 T T T T 1 I T
@ 100 200 300 400 508 600 700 BYE 990 1000

Slika 1. Zavisnost 8 od pas (na osnovi podataka iz Tabele 1.)
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3. ANALIZA REZULTATA

Kako protumaéiti krivu 8 = elpas)?
Drugi Keplerov zakon predstavljen je u obliku:
pPi=c (1)
odakle sledi da je
. 1 V

Kriva sa Slike 1. asocira na funkcionalnu zavisnost 8 o 1/p* gdejen > 1.

4. ZAKLIUCAK

1. Za velinu parova ovog uzorka moze se konstatovati da je dinamicki vezana.
2. Ovu analizu bi trebalo progiriti na ceo spisak zajednickih dvojnih zvezda u kataloz-
ima WDS 1 Hipparcos, da bi prethodni zakljuéak bio pouzdaniji.
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EMVWCVIOHE JIMHMNIJE CA JIBA IINKA Y
CHERTNPMA AKTMBHUX TAJIAKTHMUKUX JE3TAPA

JL.Y. TONOBHTR
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E-mail: lpopovic@aob.bg.ac.yu

Emvucrone nunuje Axtupaux [Nanaxrtuurux Jesrapa (AD}) vmajy Beoma kom-
nAeKcaH ODMMK, WITO YKasyje Ha JUHAMUUYHE NPOoUece KOJU ce OABUjajy Y emu-
cHoOHOj obaactu kod oBUX objekata. Ko jennor 6Gpoja AT'J auuuje umajy jacHo
napakeHa JABa [MKa, WM U3BOUMHE Yy KPWIMMa Koje MOTy Ja MHAMLMpAjy Ja
JedaH €0 eMUcHOHe OOJacTH 3paud JIMHUJe ca aBa Tuka. [Ipupoma m oBamk
aunamja ca aBa muka kol AT je pasmarpasa y Bennkom Gpojy panoBa (Buiau
unp. Alloin et al. 1988, Chen et al. 1989, Chen & Halpern 1989, Halpern 1990, Miller
& Peterson 1990, Sulentic et al. 1995, Gaskell 1996, Eracleous & Halpern 1994, Livio
& Pringle 1996, Newman et al. 1997, Pariev & Bromley 1998, Popovié et al. 1998,
Corbett et al. 1998, nra.). Hactanak nmunuja ca apa nuka koa AT'J Moxe Gutn
objammen nomohy cinenehiux Monena:

1. Modea pomupajyhies axpeyuonoz ducxa (Chen et al. 1989, Chen & Halpern 1989,

Halpern 1990, Pariev & Bromley 1998};

2. Emucuja dsa maaza mamepuje, (Zheng et al. 1990, Zheng et al. 1991, Robinson

1995, Corbett et al. 1998);

3. Qomojonuzayuja od jednoe neusomponnoe uzeopa {Wanders 1996, Koratkar et al.

1996);

4. Modea dsojne ypre (suau nup. Gaskell 1996, Popovié et al. 1998)

(paxku OF ApeANOKEHMX MoJena MMa oApeleHe npeaHocTn M HenocTaTke y
nopebemy ca mocMarapasum aunnjama. Y paay he aetambo 6ury ofpasnoxenu
MOJENN U PAa3MOTPEHE BUXOBE NPEAHOCTH M HeJoCTaTiv, npy YeMy he ce pas-
mMaTpaTtu obauk emucuonnx amanja kox AT 3¢390.3 u Arp 102B. Takobe, nalie
ce KpaTak OCBPT Ha JedopMauunjy eMucuonnx nuumja koa AL yenen neaocsama
MUKpOrpasuTaimorux coumsa (Popovié et al. 2000).
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1. INTRODUCTION

Spectral lines of multiply ionized emitters, like C IV, were discovered in the spectra
of stellar atmospheres of hot stars (Bruhweiler & Kondo 1983 and references therein;
Dupree & Raymond 1982; Bruhweiler 1985). Thus, the necessity of knowledge of Stark
widths of these lines was imposed. On the basis of Stark width values it is possible
to obtain other basic plasma parameters e.g. electron temperature (T) and electron
density (N), important in the modeling of the stellar atmospheres.

We have measured Stark FWHM (full-width at half intensity maximum, W) of the
C IV 581.198 nm line at an T=24 000 K ele¢tron temperature and N = 1.66 1023
m™* electron density in the ('O, plasma. It should be pointed out that the existing
experimental W values are obtained at electron temperatures higher than 38 000 K.
However, the low temperature region is iimportant for sensitive evaluation of the W
values. Namely, various theoretical approximations involve stronger temperature de-
pendence in this temperature region and show mutual discrepancies. Their reliability
can be arbitrary with reliable experiiental data.

2. EXPERIMENT

The modified version of the linear low pressure pulsed arc {Djenize et al 1998) has
been used as the plasma source. A pulsed discharge was driven in a quartz discharge
tube of 5 mum 1.d. and has an effective plasina length of 7.2 cm. The tube has end-
on quartz windows. On the opposite sides of the carbon electrodes the glass tube
was expanded in order to reduce sputtering of the electrode material onto the quartz
windows. The working gas was Oz at 130 Pa filling pressure in flowing regime.
Spectroscopic observation of isolated spectral lines was made end-on along the axis of
the discharge tube. A capacitor of 14uF was charged up to 2.8 kV. The line profiles
were recorded by a shot-by-shot technique using a photomultiplier (EM1 9789 QB |
EMI 9659 B) and a grating spectrograph (Zeiss PGS-2, reciprocal hinear dispersion
0.73 nin/mm in the first order) system. The exit shit (10pm) of the spectrograph
with the calibrated photomultiplier was micrometrically traversed along the spectral
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plane in small wavelength steps (0.0073 nm). The photomultiplier signal was digitized
using oscilloscope, interfaced to a computer. A sample output, as example, is shown
in Fig.1. The investigated CC IV spectral lines are recorded in the ionization phase of
the discharge when the spectral lines from lower ionization states (C II, O 11, ¢ 111,
O 11} can not disturb the observed C IV spectral region.
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Fig.1.Recorded spectrum at 5" us after the beginning of the discharge

The measured profiles were of the Voigt type due to the convolution of the
Lorentzian Stark and (Gaussian profiles caused by Doppler and instrumental broaden-
ing. Van der Waals and resonance broadening were estimated to be smaller by more
than an order of magnitude in comparison to the Stark, Doppler and instrumental
broadenings.

52
394.50nm Boltzmann-plot in CO, plasma
50 395 44am using six Oll lines
48
2
< 46
>
z 44
= 424 ~
T=23 400K £ 5%
404 Riy=0.997 418 850m BN 468.720m
384
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% ES 27 = 2 30 M 32 n

Fig.2. Boltzmann-plot of six O II lines

A standard deconvolution procedure (Davies & Vaughan 1963) was used. The Stark
widths were measured with £12% error at given T and N.

The plasma parameters were determined using standard diagnostics methods. The
electron temperature was determined from the Boltzmann-slope of six O II lines
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(394.50, 395.44, 407.22, 408.72, 413.28 and 418.55 nm) with a corresponding upper-
level energy interval of 5.2 eV. The necessary atormnic data were taken from Wiese
et al. (1966). At 15.us after the beginning of the discharge (the moment when the
spectral line profiles were analyzed) the found electron temperature was 24 000 K
+5%.

For electron density measurement we used the well-known laser interferometry
method and, also, the convenient Stark widths of the mentioned O II spectral lines.
The obtained value was N = 1.66 - 10 m=3 + 7% (at the 15. us after the beginning
of the discharge).

3. RESULTS

Our experimental result of the measured Stark FWHM value at 24 000 K electron
temperature and an N = 1.66 - 1023 m~3 electron density is 0.103 nm.

Fig.3. Stark FWHM dependernce on the electron temperature at 1022 m~3 electron
density. Measured values: (), this work; 0, Glenzer et al. (1992); +, Blagojevié et al.
(1999); A, Djenize et al. ((1988); V, Bogen (1972); e, Ackermann et al. (1985); &,
El Farra & Huges (1983); x, Bottcher et al. (1988). Calculated values (see text for
explanation): GM, SEM and SCPF, Blagojevi¢ et al. (1999); CC, Seaton (1988); x,
Baranger (1962); , Hey & Breger (1982) and Hey & Breger (1980). Estimated
values: on the basis of the regularities along the isonuclear (INS) and isoelectronic
(IES) sequences (Djenize 1999). Error bar represents 19% uncertainties. X is the mean
wavelength in the multiplet.

4. DISCUSSION

In order to allow easy comparison between measured and calculated Stark width val-
ues, we display in Fig. 3. variations of W (FWHM) with the electron temperatures
for a given electron density equal to 102* in=3. Theoretical predictions, (dashed lines)
present electron contribution to the Stark width only. The previous calculation of
the Stark width values of the mentioned C IV spectral lines was performed by Dim-
itrijevié¢ & Konjevié¢ (1980) on the basis of the simplified semiclassical approximation
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after Giriem (1974) (GM) and of the modified semiempirical formulae (SEM) (Dimitri-
jevi¢ & Konjevié). Seaton’s calculations, using the close-coupling theory (CC), have
been presented in 1988. Bottcher et al. (1988) have calculated the Stark width values
of these lines at 145 000 K electron temperature with the impact and classical path
approximations (Hey & Breger 1980,1982) and Baranger’s (1962) theory for nonhy-
drogenic ions. Blagojevié¢ et al. (1999) have calculated the new values of the Stark
widths in a wide range of the electron temperatures {20 000 K - 300 000 K) using
the semiclassical perturbation formalism (SCPF) (Sahal-Brechot 1969a, 1969b). This
is an extension of the calculations performed by Dimitrijevi¢ et al. (1991). INS and
IES denote estimated W values (Djenize 1999) using Stark width regularities along
isonuclear and isoelectronic sequences, respectively.

5. CONCLUSION

Our measured W value at 24 000 K electron temperature agree, within experimen-
tal accuracy, with GM and SEM theoretical predictions. On the other hand, good
agreement was found, also, with the estimated INS and IES Stark FWHM values.
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DOTOIPADPCKO ITIOCMATPAKBE TOMPAYERBA CYHIIA
11. 08.1999. HA CEMEPHIHI'Y ¥ AYCTPUIA

AJIEKCAHJAP C. TOMHWBR u BOPUBOJE A. JOBAHOBWh
Acmponomcko dpywmeo "P. bowkosuh”, Beozpad

A6crpakt: M3 Mepema camo 21 cHumxa ¢asa noMpadewa CyHua pobujermx momohy
TeneobjexTBa Makcyros MTO 100/1000 MM wna CeMepuHry y ayCTpHMjCKuM AJmmMa
HM3BEICHM CY TPEHYIM [PBOT Y YCTBPTOT KOHTAKTA, Ca IPEIIKOM Of 7 cexyHmM, H Tpeher
KOHTAKTa Ca IrpelkoM 12 cekyHIou.

1. YBOJ

Onuc exkcnemuiuje 3a nocMarparse noMpauerba ca CeMepUHra y ayCTpHjCKHM
Annuma (¢ =+47°37,7,A=-01"0322" ,h=1035m) nmat je y wunaHKky b.A.
Jopanoeuha y ugaconucy BACHOHA. Chumano je reneoGjekrusom MTO
1000A, D/F =110/1000(mm) Ha upHo - 6emu GUIM Kodak Tmax100pro, Y3
yrnorpeOy XeNaTHHCKMX ¢WiTapa H3 KOMIUIeTa y3 rencobjekrus. Bpeme je
6enexauta Jbupana Jawuh, ounTaBaHO ca YacOBHMKA yenHor pauyHapa I'TIC.

3a oOpagy uMamH CMO HA pacnojiarakky camMo 21 CHHMak, jep Cy HEeKH
omreheHn wiu 3arybjbeHm y nponecy obpane (?!) xoja je momepeHa jeAHOM
6euxkoM dororpady. Panm mopehiersa ca pesyararuma nocMarparea ca Ilanupha
MOKYIIAMH CMO H3BYRM TpEHYTKE KOHTAaKaTa M M3 OBAKO CKPOMHOT CKyIld
noxaraka, o63upoM Ja To oMoryhasa Merox “"dyHkuuje Teruse” (Tomuh, 1976).

Mepewa cy BpuieHa noMohy HHBep3HOTr MUKpoMetrpa (Ya6puh u ap.,
1985). ¥V Mepewy ce nojaBwia nofatHa Tewrkoha - 360r Beiamke HAJIMOpPCKE
BUCHHE ® pa3peleHor Basgyxa, M Kpo3 obnake cjaj CyHua je 6O 3HATaH, LITO
je Ha cTakJieHHMM MOBpHIIMHaMa (uwiTapa NpoU3Be/io BeoMa jake pediaekcuie,
HapovHTO Kaga JukK CyHUa HHje OMO CTPOro CHMETpPHYaH y OJHOCY HA ONTHYKY
ocy. OnrTuuku, eekT™ Cy JienH aIU CY OTCXABATH Mepelse.

2. NIOCTYIIAK M PE3VYJITATH

Y TaGenu 1. HaBeeHW Cy TpEeHYUHM CHUMara (TU) M BEJIMHYMHA TETHBE
H3paxeHa y npeyHunuMa nuka Cymma (Xx), xao ynasHm nogamu. Bpemsocr
onrosapajyhe ¢GyHKumje TeTUBE () ¥ NOjeIMHAYHM TPEHYIM KOHTAKaTa Koje
JIaje CBaKoO MOjEMHHO Mepere 32 NMpBH, TpehW M YETBPTH KOHTAKT, IATH CY Y
npeoctane Tpu KonoHe. Ha ocHOBY OBMX BpeOHOCTH HOOHjeHA je cpemma
rpelika ¢ KOjoM Cy ylUIe y Jaby 00paxy u3MepeHe BPeHHOCTH, 7s 34 MPBH U
9YeTBPTH KOHTAKT K 125 3a TpeliM KOHTaKT, IITO HMje Jole 063MpOM Ha MaNH
o6poj mepewsa. Iloctymak ob6page 6uo je cnegehu. IIpeo je Haupran rpadmk

xt= f(;p)l, The je [, TPEHyTaK MNocMarpaba. Ca rpaduka je yrspheHo na
Mepewa O6p. 1+916+21 Jiexe Ha mapaboid Koja onpehyje MpBH W YETBPTH

119



AS. TOMIC and B.A. JOVANOVIC

KOHTAaKT, a Mepewa Op. 10+15 Tpehiu koHTtakT. PyHKuMja TetuBe padyHara je

no GopMyIu:
[0 =Ja-x)g* ~x*) - x*. 1)

OBa BeIMUMHA TOBE3AHAa je ca TPeHyUMMa TocMmaTpama f, NapaGouuHOM
byHKunjom:
f(x)za-t:;+b-t§+c Q)

3a cHuMmke 6p. 1:916-21 METOAOM HajMamHX KBagpara aobuja ce:
a=0,000368804, b=-0,073413874 , ¢=2,659814026, IWITO je [ano 3a TeMe
napabosie TPEeHYTak MakcHMyma ¢ase (7,) y CKald BPEMEHA Ca IHOYETKOM Y

09"TU , NONOBMHY Tpajatba MOMpayeka (T) 3a TAYKE €A f(x)=¢ Ha mapaboimn,
M TpeHyTKe KoOHTakara (T,,7,): 7, =99530", T=74242", T, =25288",

T, =173,772".

Cana je Moryhie H3payyHarH 3a CB3aKO [IOCMATpalbe TPEHYTaK
CUMETPMYHO Y OQHOCY Ha MakCHMyM (aie, no GopMyiu:

t,-L=HAf)+B (3

Tabena 1. Mepene (TU , x ) u wuspawynare spenuoctd ( f(x),T,,T,,T,)

PRIy ] x | f@ | T, T, T,
09:36,183] 0,532 +0,4729 1 24,987 173,333
2 40,117| 0,5985 | +0,3236 | 25,621 174,167
3 42,033] 0,6478 | +0,1989 | 24,634 173,181
4 44,183] 0,6704 | +0,1408 | 25,380 173,926
5 44 650 0,676 +0,1246 | 25,449 173,995
6 45,1171 0,684 | +0,1029 | 25,379 173,925
7 46,150{ 0,6987 | +0,0613 | 25,366 173,912
8 46,833} 0,704 | +0,0473 | 25,692 174,238
9 64,367 0,892 | -0,5547 | 24.566 173,112
10 101,733] 0,344 | +0,8024 101,701
11 101,900| 0,539 10,4579 101,822
12{  102,317| 0,643 |+0,2118 102,206
13 102,783 0,750 -0,0867 102,633
14 102,967, 0,832 -0,3468 102,783
15 103,117{ 0,972 -0,8626 102,868
1 110,283 0,992 -0,9477 | 25,002 173,548
17 117,700 0,973 -0,8667 | 24,957 173,503
18 139,533 0,846 -0,3939 | 24,949 173,495
19 140,817 0,842 -0,3804 | 25,781 174,327
20 150,9177 0,728 -0,0216 | 24,172 172,718
21 153,133 0,696 |+ 0.0697] 25,158 173,704
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Ca.1. Jluneapusobany rpadux noMpayema.

[TonoBo je mnpuMereH MeTOH HAjMakmHUX KBagpara W HoOHjeHo je:
A=72715452861, B=2694,605593 oakue CjACAM MOryhHOCT Aa CBaKO Mepeme aa

jeImHy BpPeIHOCT 33 NPBH W YETBPTH KOHTAKT, 10 opMyaama:

T,=t1,+JA f(Q)+B-T, T,=T,+2-T @)
3a rpaHy napabolie npe TOTAINTETA U:
Ti=t,—JA - f(0)y+B-T, T,=T7,+2.T 5)

3a rpaHy nocje ToTaidreTa. [ako nobGujeHM ckynm ox 15 BpemnHoctd naje
CPEIIHY BPEIHOCT U HeHY IpelllKy 3a OBe KOHTAKTe:

7’: =25,140" £0,116" , _T: =173,686" £0,116”
BpenHocTH Koje aaje METOR HajMarsuX KBaaparta:
T,=T,-T=25251", T, =T, +T =173,803"

K320 HajBepOBaTHHUIE, HaNa3e CC YHYTAp MHTEPBaJa TavyHOCTH. 3a APYTrH U Tpehu
KOHTAaKT mnapabona f(x) Kao dyHkumMja on f, je mHoro crpmuja. Onaes
pacrnonaxeMo MoZanMMa camMo 3a jeOHy rpaHy, na CMO KOPHCTHJIM JIHHEApHY
3aBUCHOCT:

f()y=C-¢t,-T)+D. (6)

3a ckyn ox 6 speaHocTd (10+15 y TaGenu 1.) Meron HajMamBX KBajapara Jao
jer € =-0.1965848, D=0,607194357. Tako, Xao HajBepOBaTHHje, CleOu:
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T, =102,381". CBako Meperwe NOOATHO je JaN0 CBOjy BPEAHOCT 3a TPEHyTaK
Tpeher KOHTaKTa 1no odpacuy:
1, =1, +4- L8 )
C
yuMe Cy MOOHjeHE Cpeliba BPEHHOCT U IpellKa Cpeltbe BPEIHOCTH M 3a Tpehu

KOHTaKT: T, =102,336™ £0,205". KoHauHO, nomaBameM I0Ja3HE BPEAHOCTH
NOKa3MBarba YacOBHMKA, foGHjaMo cienehe eleMeHTe moMpaderba no 7 :

Ywm = 105&39&131’83 + 7’05 2 T — 2)(74,242“‘ - 21!28159293

T, =09"25"15,4* £7,0° T, =10"42"229° +12,3¢,
T/V - 1 1"53"'48,23 i 7’03

PauyHaro je 3a H3MEpeHy TONONEHTPHYHY BPEIHOCT OJHOCA YTaOHHX
npeyHrka Meceua u CyHua: ¢=10392. Ha rpadnky (c1. 1) npeacrasmena je

jemnaumna (3), ca koopauHarama: (tp—~Tm)2 -Kao ancuucoM M f(x)-Kao

opauHaroM. TpeHyum KoOHTakata cy ojpelleHH npecenuMa ca NPaBoM
napajieHOM anCUUCH, HA BPEIHOCTH f(x) = ¢ . JIAKO yOWbHBA JIMHEAPHOCT OBE

(dyHKIMje NpeICcTarba CBAKaKO MOTOIHOCT KOja XONPUHOCH TAYHOCTH PavyHa.
HamomuiseMo 112 3a APYTM KOHTAKT HUCMO PacHoiaraidi CHUMLIMMA.

Pedepenue
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THE WIDE-FIELD PLATE ARCHIVES IN EUROPE

MILCHO TSVETKOV, KATYA TSVETKOVA, KONSTANTIN STAVREYV and VASIL POPOV
Institute of Astronomy, Bulgarian Academy of Sciences,
72 Tsarigradsko Shosse Blvd., BG-1784 Sofia, Bulgaria
E-mail: tsvetkov@skyarchive.org

Abstract. We examine the wide-field plate archives located in Europe and included in the Wide-Field
Plate Database. The total number of wide-field plates stored in 231 archives in Europe (including all
former Soviet Union republics) is estimated at ~ 1 140 000 or 56% of all known wide-field plates in
the world. Distributions of the number of plates by European regions and countries, and as a function
of the instrument aperture are given. The possibilities for plate digitization are discussed.

1. INTRODUCTION

The first attempt for the creation of an inventory of the astronomical plates obtained world-
wide was made by Hauck (1982a, 1982b). He sent questionnaires to 48 observatories, 42
of which answered and 32 reported about the situation of the possessed plate archives and
the conditions of plate storage. On the basis of these questionnaires the total number of
plates, independent of the field size, was estimated at ~ 1.5 x 10%. Only in 9 cases the log
books for the archived plates were prepared in a computer-readable form. Most of the
inquired observatories supported a centralization of the information about plate archives.
Later Jaschek (1988, 1989) continued the work on the plate inventory crcation by
summarizing information from 70 observatories. He estimalted the total number of plates at
more than 1.5 x 10° and concluded that 50% of all existing plate archives were in Europe.

In 1991 in the frames of Commission 9 Working Group on Wide-Field Imaging (later
Working Group on Sky Surveys) of the IAU began the preparation in Sofia of the Wide-
Field Plate Database (WFPDB, Tsvetkov 1992, Tsvetkov et al. 1998). The WFPDB
contains (1) a catalogue of all known archives of wide-field (> 1°) plates and (2) a merged
catalogue of wide-field plates.

The last version of the Catalogue of Wide-Field Plate Archives from March 2000
includes 338 archives with an estimated total number of 2 036 179 plates, while the
catalogue of wide-field plates contains 323 635 plates from 57 archives. The data for about
100 000 plates more are in preparation for inclusion in the database. The WFPDB is
accessible on-line through the VizieR catalogue browser in CDS-Strasbourg at
http://vizier.u-strasbg.fr/cats/VIL.htx (catalogue number VI/90).

In the present paper we examine that part of the WFPDB which concerns the wide-
field plate archives in Europe. The information for these archives may be useful for those
astronomers who are interested in using archived photographic observations. Let us note
that the possibilities for an effective usage of the European plate archives are expected to
increase considerably in the next years due to the planned creation of an Europcan Plates
Centre in the Royal Observatory of Belgium, Brussels (see http://midasf.oma.be/~fido/
ovid.html).
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2. THE EUROPEAN ARCHIVES IN THE WFPDB

We have first processed the data in the Catalogue of Wide-Field Plate Archives in
order to find how the number of plates is distributed by continents (Fig. 1). It should be
noted that in order to calculate this distribution we have not sticked rigidly to the
geographical borders between Europe and Asia. Instead we have considered as “European”
all archives situated on the territory of the former Soviet Union. Let us also note that some
of the plate archives located in Europe have been obtained at observatories outside of
Europe. As seen in Fig. 1, the total number of wide-ficld plates in Europe is about 1 140
000 which is about 56% of the total amount of wide-field plates in the world. We have
found from comparison of our Catalogue of Wide-Field Plate Archives with the Hauck’s
and the Jaschek’s data that probably about 80 000 plates more, partly wide-field ones for
which we still do not possess information, exist in the European plate vaults.

The Euvropean wide-field plates are stored in 231 archives located in 68
observatories/institutes as seen in Table 1 (in the WFPDB each observational instrument
has a separate archive, or several separate archives if, e.g., it has been moved to different
observational sites). Most of the plates are direct observations while the number of
objective-prism plates is only about 4% of the total number. So far the information for
316907 plates from 56 archives (28% of all wide-field plates in Europe) have been included
in the WFPDB.

In Fig. 2 the distribution of the number of European plates by different regions is
shown. More than half of the plates are in Western and Central Europe and nearly 40% are
in Russia and the former Soviet republics. The distribution of the number of plates by
countries, separately for the direct plates and the objective prism plates, is given in Fig. 3.
Germany is the country with the largest number of plates (nearly 370 000) thanks mainly to
the very large collection of plates of the Sonneberg Observatory. Russia, Ukraine,
Tajikistan, Georgia, and the Czech Republic also possess large archives with more than
50000 plates.

Table 1. Number of European archives and plates

Method of Archives Instrumenis Observator- Plates
Observation ies

Direct all 231 204 67 1095022
in WFPDB 55 55 i1 311 100
Objective prism all 29 27 23 44202
in WFPDB 8 8 6 5807
Total all 231 204 68 1139224
in WFPDB 56 56 12 316 907
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Fig. 1. Distribution of the number of wide-field plates by continents
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Fig. 2. Distribution of the number of wide-field plates in Europe by regions
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Fig. 4. Distribution of the number of wide-field plates in Europe by telescope aperture
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Fig. 5. Aperture versus beginning of instrument operation for the European wide-field telescopes

Fig. 4 shows the distribution of the number of plates as a function of the instrument
aperture, separately for the Schmidt/meniscus telescopes and for all others. It is well seen
that the great majority of the archived wide-field plates in Europe have been obtained with
instruments with aperture < 0.4 m. Fig. 5 shows the increase with time of the number of
instruments with larger apertures in Europe in the period 1880-1990. After 1990 new
telescopes for wide-field photography stopped to appearing any more due to the wide
application in astronomy of electronic detectors of light.

3. PLATE DIGITIZATION

A number of high-speed and high-accuracy scanning machines operating in
different European astronomical institutes offer good possibilities for digitization of
archived plates. Table 2 contains a list of some larger European microdensitometers. The
PDS1010 microdensitometer of the Sofia Sky Archive Data Center (SSADC) was moved
from ESO in 1998 and plate digitization started in 1999. Another microdensitometer - the
PDS2020GM+ in Muenster (Germany) - was moved this year to Tbilisi (Georgia).

Some of the general pilot projects for plate digitization, proposed by us, are as follows:
* Digitization of the plates in stellar aggregates: Pleiades, Orion-M42, etc.,
¢ Digitization of the First/Second Byurakan Spectral Survey and the field of M31,
* Wide-field plate archives digitization open tasks: visval binary search, symbiotic long-
term variability search, etc.
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Table 2. Precise microdensitometers for wide-field plate digitization in Europe.

Country Observatory/ Microdensitometer
Town

United Kingdom ROE, Edinburgh SuperCosmos (WFAU)
RGO, Cambridge APM

Germany Hamburg PDS1010GM+
Tautenburg T™M
Sonneberg HSS

France Paris MAMA
Nice PDS1010

Russia Pulkovo Fantazia

Ttaly Trieste PDS1010

Bulgaria Sofia PDS1010

Georgia Thilisi PDS2020GM+

4. CONCLUSIONS

The existing 231 wide-field plate archives in Europe contain 1 139 224 plates
representing more than half of all known wide-field plates world-wide obtained with
professional instruments. We surmise from the comparison of our results with those of
Hauck (1982a, 1982b) and Jaschek (1988, 1989) that some 80 000 plates more, part of them
wide-field plates, may exist in European archives. Plate vaults are mostly concentrated in
Western Europe, but large collections of plates are maintained also in Russia and the former
Soviet Union republics. The operating high-speed and high-precision microdensitometers in
Europe provide good opportunities for an effective processing of the archived observations,

An important task towards the effective use of the wide-field plate archives in Europe
is the continuation of the plate logs cataloguing in a database format despite the great
difficulties with organizing and funding of such kind of activity. We expect that the planned
creation of a Central Plate Store Unit for the European plate archives will encourage much
the usage of the huge quantity of archived photographic observations accumulated during
the last century.
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PRIBLIZNO ODREDJIVANJE OBLASTI LINEARNOSTI
CCD KAMERE 17 SPEKTRALNIH LINIJA SUNCA

VINCE OLIVER
Astronomska Opservatorija, Volgina 7, Beograd, Jugoslavija
E-mail: ovince@aob.aob.bg.ac.yu

Abstrakt. U ovom radu je prikazana jedna metoda ispitivanja oblasti linearnosti CCD
kamere pomoéu spektralnih linijja Sunca. Posebno je analizirana oblast linearnosti ST6 SBIG
COGD kamere koja se koristi za posmatranja na Astronomskoj opservatoriji u Beogradu.
Procenjeno je da je kamera linearna u oblasti popunjenosti nivoa od 40200 ADU do 4520
ADU.

1. UvoDb

Pri upotrebi nekog detektora koji se koristi za odredjeno posmatranje potrebno je poz-
navati njegove karakteristike. U slu¢aju CCD kamere to su: oblast linearnosti CCD
kamere, struja u mraku, um is¢itavanja itd. U ovom radu ée se prikazati jedna spek-
trografska metoda za brzo procenjivanje oblasti linearnosti CCD kamere. Prvo ée biti
reéi o ideji na kome se bazira ova metoda a zatim Ce se analizirati konkretan slucaj ST6
SBIG CCD kamere koja se koristi za spektroskopska posmatranja na Astronomskoj
opservatoriji u Beogradu.

2. IDEJA

Odredjivanje oblasti linearnosti CCD kamere se zasniva na slededoj ideji. Snimi se
deo spektra, koji sadrzi spektralne linije razlicitih centralnih dubina, sa razli¢itim
ekspozicijama. Ukoliko podelimo dva spektra koja su snumljena u linearnom delu
mernog opsega kamere, dobié¢emo konstantnu rasopodelu odnosa relativnog intenziteta
u funkciji od piksela duz celog snimljenog spektra. Ukoliko podelimo spektar koji je
u nekim delovima snimljen u nelinearnom delu mernog opsega sa spektrom koji je
snimljen u linearnom delu mernog opsega dobi¢emo raspodelu koja nije konstantna
duz celog snimljenog spektra veé ima ekstremume upravo u onom delu spektra koji
Je snimljen u nelinearnom delu 1mernog opsega.

3. METODA ODREDJIVANJA OBLASTI
LINEARNOSTI ST6 SBIG CCD KAMERE

U konkretnom slutaju sa ST6 SBIG CCD kamerom postupak odredjivanja oblasti
linearnosti je bio sledeéi. Snimljen je deo spektra koji sadrzi dve spektralne linije (Fe
539.3176 nm 1 Mn 539. 4675 nin) sa razli¢itim ekspozicjjama. CCD spektrogrami su
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zatim obradjeni kako bi se dobila zavisnost relativiog intenziteta od talasne dugine
(profil spektra - spektar). Znajuéi da je merni opseg CCD ¢&ipa od 0 do 65536 ADU
(Analog Digital Unit) i predpostavljajuéi da je CCD &ip negde na sredini mernog
opsega (32768 ADU) linearna, izabrana su dva obradjena spektra &iji je kontinu-
alni deo u blizini te sredine. Deljenjem ovih spektara dobija se konstantna raspodela
odnosa relativnog intenziteta u funkeciji od piksela sto ukazuje na to da su oba spektra
snimljena u linearnoj oblasti CCD ¢ipa. Na S1.1 prikazan je grafik dobijene raspodele.
U gornjem delu grafika nalazi se deo snimljenog spektra (sluzi samo za uporedjivanje
u kom delu spektra dobijena raspodela ima/nema ekstremne vrednosti), a u donjem
delu se nalazi raspodela odnosa relativnog intenziteta u funkeiji od piksela koja se
dobija deljenjem dva spektra.

Fe 5372.3176 am Mo 532,4675 am

1.85
1.65
o
ot
o145
j
0]
=
=1.25
c
2
B1.05
8 %“‘ - ._._;-__
2.85
nive kontinuume
40200 ADU
@. 65 T T T T T T T T e T T O T T T T
-115.00 -15.00 85.00 1685.00 265,00

pikseli

Sl 1. Raspodela odnosa relativnog intenziteta u funkeiji piksela koja se dobija
deljenjem spektara &iji su nivoi kontinuuma 40200 1 31300 ADU

Jasno se uofava da je dobijena raspodela konstantna duZ Citavog spektra koji je
snirljen. To znaéi da su oba spektra snimljena u linearnom delu mernog opsega CCD
¢ipa. Spektar sa kontinuumom od 31300 ADU je izabran da bude normalizacioni
faktor preostalim spektrima. To znaé& da su preostali spektri podeljeni sa spektrom
¢iji je nivo kontinuuma 31300 ADU. Rezultat deljenja je prikazan na SI.2. Raspodele
odnosa relativnog intenziteta u funkciji od piksela na slikama a), b) i ¢} su, kako
vidimo, konstantna duZ celog spektra koji je snimljen. Prema tome i kontinuum i linija
su snimljent u linearnom delu mernog opsega CCD ¢éipa. Medjutim, na slikama d), e)
i f) vidimo da ta raspodela ima ekstremne vrednosti u predelu jezgra linjje gvozdja
Fe 539.3176 nm. To znaéi da je linija izvesnim delom snimljena u nelinearnom delu

Imernog opsega.
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Sl. 2. Raspodele relativnog intenziteta u funkciji piksela koja se dobija deljenjem
svih spektara sa spektrom &iji je nivo kontinuuma 31300 ADU
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4. ANALIZA

S1.2 a): Nivo kontinuuma je 40200 ADU. Centralne dubine linija Fe 539.3176 nm
i Mn 539.4675 nm su 0.2 i 0.6 respektivno. Prema tome, nivo popunjenosti u jezgru
linije gvozdja je (0.2*40200 ADU) oko 8040 ADU a mangana oko 24120 ADU. Posto je
raspodela odnosa relativnog intenziteta od piksela konstanatna duz celog snimljenog
spektra moZemo reéi da je nivo od 8040 ADU do 40200 ADU linearna.

$1.2 b): Nivo kontinuuma je 26400 ADU. Analognim razmisljanjem kao u predhod-
nom sluéaju mozemo reéi da je nivo od 5280 ADU do 26400 ADU linearna.

S1.2 ¢): Nivo kontinuuma je 22600 ADU. Zavisnost odnosa relativnog intenziteta
od piksela je i ovde konstantna kao u predhodna dva sluéaja. To znaé da je nivo od
22600 ADU do 4520 ADU u oblasti linearnosti mernog opsega.

51.2 d): Nivo kontinuuma je 17900 ADU. Raspodela odnosa relativnog intenziteta
od piksela u predeiu jezgra linije Fe 539.3176 nm ima ekstremnu vrednost §to znaéi
da je linija gvozdja u tom delu snimljena u nelinearnom delu mernog opsega CCD
¢ipa. Znajuéi da je centralna dubina linije gvozdja 0.2 moZemo reéi da je nivo od 3580
ADU u nelinearnom delu mernog opsega.

S1.2 e} i f): Sli¢na je situacija kao u prethodnom shifaju sto se i oéekuje. Naime,
nivo u predelu jezgra linije je manji nego u predhodnom sluéaju i oéekuje se da taj
nivo bude u oblasti nelinearnosti mernog opsega. '

Na osnovu dobijenih rezultata moZe se zakljuciti da je oblast mernog opsega od
40200 ADU do 4520 ADU linearna. Nelinearnost se ispoljava, kako smo videli, na
nivou popunjenosti od 3580 ADU. Gide je prelaz iz linearnog dela u nelinearan deo
mernog opsega nemoze se reél na osnovu postojecih merenja. U tu svrhu trebalo bi
detaljnije ispitati deo nivoa od 4520 ADU do 3580 ADU.

5. ZAKLJUCAK

Ako Zelimo brzo odrediti oblast linearnosti CCOD kamere mozZe se primeniti metoda
pomoéu spektralnih linijja Sunca. Naravno, nije ogranifeno primena metode samo
na spektralne linije Sunca ve¢ se moze iskoristiti bilo koji laboratorijski ili drugi
spektar. Ukoliko postoji dovoljan broj snimaka sa razli¢itim ekspozicijamna moze se
dobiti kvalitetan rezultat na kom nivou CCD &p prelazi iz linearnog u nelinearan
deo mernog opsega. U sluc¢aju ST6 SBIG CCD kamere koja se koristi za posmatranja
na Astronomskoj opservatoriji u Beogradu rezultat primene ovog metoda ukazuje na
to da je nivo od 48200 ADU do 4520 ADU u linearnom delu mernog opsega CCD
tipa. (Gde je tagno prelaz iz linearnog u nelinearan deo mernog opsega nije bilo moguée
ispitati usled nedostatka podataka izmedju 4520 ADU i 3580 ADU. Treba napomenuti
da su snimljeni CCD spektrogrami gde su nivoi kontinuma veéi od 40200 ADU (47200
ADU, 64000 ADU i 64300 ADU) ali se oni nisu mogli iskoristiti za obradu jer su
kontinualnim delom usli u nelinearnu oblast mernog opsega kamere (zasiéenje). Na
kom nivou dolazi do zasienja nemoze se reéi na osnovu postojecih rezultata. U tu
svrhu trebalo bi detaljnije ispitati nivo izmedju 40200 ADU i 47200 ADU.
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YT'AOHA BP3UHA U OBJIMK 3BE3/IE

L. 3VITAH
Kameodpa za acmponomujy, Mamemamuuxu gpaxyamem, Beozpad, Jyzocrasuja
E-mail: jelenap @matf.bg.ac.yu

AbcrpakT. Y pany Cy jJaTH OPEIMMHMHAPHH DE3YNITATH MOACAMpakha 3BE3JaHE CTPYKTYpEe ca
pOTalMjoM' BC3AHM 33 MPOMEHY paaujyca ¥ obanka 3Bespe. JloGujenn pesynarati noTephyjy
pe3ynTare KojH Cy paHHje JOOMjeHHM Mako Cy Yy MOJACHMpawky KOpuwhcHH Apyraudju M3pasy 3a
6p3uHy ocnofaljama HykacapHe cHepruje M HenpospaddHoctr. Jlakne, 3Be3fe €€ NOX yTHuajeMm
poraumje wupe, a wuXop o0mik mpectaje aa Oyae cdepas. Pasmatpana je mpomena ofnmka 3a
KOHCTaHTHY YIaoHy OpP3MHY M pasjHM4UTe Mace H 0OPHYTO, 33 KOHCTAaHTHY Macy H pasnuunre Gpaune
potangje.

1. YBOX

AKO ce y MoJienHpatby 3BE3JaHE CTPYKTYPE y3Me Y 003up H DOTALHOHO KpeTarhe 3Be3fie,
OHA Ce BHUIE HE MOXE MOCMAaTpaTH kao cdepa. Yenen obprama OKo 0Ce pOTalHje Jona3y
[0 OACTYnaba o chepHOr 0OIHKa ¥ TO Y Pa3IHIMTOj MEPH Y 3aBECEOCTE IPBEHCTBEHO OX
yraone Op3une. [IpyraM pedsma, pajHjyc 3B€3/ie Tala 3aBHCH O/ YTJia KOjH 3aKjana ca
ocoM portanyje. IloBpmuAa 3Be34e Yy ciaydajy poTamuje Moxe OHTH 3azata Ha caenehu
HA9HH:
2
R=Rsr(1- Q

ot Rsr’P,(6)) (H

roe je R-pamuiyCc 3Be3ae KOj¥ ce Mema y 3aBHCHOCTH O] YIIa KOjH 3aKiama ca 0coM
poTtaumje, Rsr-cpemmba BPeAHOCT paaMjyca 3Be3fe, ()-yraoHa Gp3mHa portaumje, M -maca
3se3afe, G- IPABHTALHOHA koHcTasTa, P, (@) -Jlexannpos (Legendre} monnHOM, 6-yrao
u3meljy nocMaTpasor pajsjyca ¥ oce poTalgje.

V cnyqajy porupajyhie 3Be3ae rpaBuTallMOHH NOTEHUAjan uMa cieaehn obuk:

V(R,9)=~QR-A1—«12—QIR2(1—0032 a) )

Rakne, nocmarpa ce epeKTHBHH MOTEHIHMjal, jep Ha cBakd Jenufi Mace OCHM rpaBHTALHje
KOja Texcu na cabuje 3Be3ny, Aenyje i ueHTpR(YraaHA CHIIA KOja TeXKH [a je pa3Byve H 3aTo
ce ed)eKTABHA FPABATAIIA}A HA IOBPUIMHY 3B€3€, Ka0 H Y OCTaJTHM CJIOjEBHMA, CMamYie.
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2. MOJIEJIMPAILE POTHPAJYRE 3BE3JIE

Kanenxas @ Tomac (R. Kippenhahn, H.C. Thomas) cy 1970. roguse pomutd na
HAely Kako H3MEHHTH jeoHagHHe CTIPYKType y ciiysaly potHpajyhe 3mezne. Hamme,
pasMarpa ce cTparHKaudia 3se3fie 3anara mspasoMm {1} H pagyBajy ce KOpEeKTHBHM
thakropn f,a f.

AN N 3)
f.(n GM P (2
SISO )
0= E oy

rie je P -noppmuHa 3aAata u3pasoM (1), (g)- cpefma BpeAHOCT IPaBHTANHOBOr YOp3ama
sa moBpmuud (1), (g™')-cpemma BpPEMHOCT PELMNPOTHE BPENHOCTH [PABHTALHOHOr
yOp3ama Ha nospumknaM (1), M -Maca yHyTap Cpeer paiHjyca ciioja, r-Cpe/iibd pannjyc
[IOCMATPAHOr Cloja.

Jemnauune CTpyKTYpe cajga nobujajy cnenehin o6auk:

dp __GM, Q)
aM 4!

¥

dT 3 L
Jx L ©)
dM 1607 (4mr°)

r

a, _. %)
M.,
am,  ampr’

TAe je x-KOoe(HUHjeHT HEIPO3PadHOCTH, [ - TyMHHO3HOCT AECNA 3BE3NEC YHYTap CpeImber
pammjyca cnoja, £ -Gpamxa ocnobahama Hykneapre eHepr#je, p-rycTuHa. Axo cy
KOPDEKTHRHH koe(HuMieHTs jeAHAKM jeJMHHMIH jeOHauHEE C€ CBOAE Ha Cay9aj
fAeporupajyhnx 3se3pa. Kasa ce 3Besnama CTpyKTypa MOJEIHpA NPEMa KOPUTOBAHUM
jemnagmHaMa, no0HWja ce ga poTauMja yTHY€ Ha NpoMeHy NapaMeTapa 3Bessie, HaKie,
epeKTHBHE TeMmrepatype, JYMHHO3HOCTH, 3aTHM [EHTPaJHE TIyCTHHE, UEHTpaIHEe
TeMOeparype H pagujyca. Y osoM pagy hemo pasMOTpHTH IPOMEHE BE3aHE 3a pagHjyc H
oliHx 38e32¢€.
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3. PE3YJATATH MOAEJNPAILA

Y oBom pany cy ypahenn Mmogenn 3Be3ga Maca on jeane [0 neceT CyHueBMX
(X =0.71,Y =0,27) 3a yraony 6p3mny 0.00015 5. JloGujeHe Cy BPENHOCTH CPEELHX,
HOJIAPHHX M eKBATOPCKHMX paaujyca W ynopeljeH: ca paaHjycuMa HepoTHpajyhmx Moaena.
3arum Cy ypahienn mozenu 3me3ae ox necet CyHueBuX Maca 3a yraoue Gpaune on 0.00001
no 0.00015 s™' u nocMaTpaHa je NpOMeHa Cpe/ither, 0JapHOT M eKBATOPCKOT PajHjyca, Kao
¥ OpomeHa oG/HKa 3B€30¢ Y 3aBHCHOCTH 0] yraone Op3uHe potamuje. [lonapuu pasmjycu
Cy M3padyHaTH u3 u3pasa (1) 3a BpenHoCT yrna 6 = (), a eKBATOPCKH 33 BPEIHOCT ¢ — % .

U3 pesynrara ce MOXe BHIUETH a, Kao TG C& M OYSKMBANO, 3BE3a Koja pOTHPA OACTYHa
of cepHOT OOTHKA B ¥:EH NMONApHH paanjyc je 00aBe3HO Matbu 0ff exBaTopckor. Ha ciuum
1. ce MOXe BAACTH 1A je 3a HCTy yraoHy Op3uHy, OACTYHame OX ChepHOr OOAHKA YTOMHKO
pehe ykomuko je maca 3Be3ne Beha. Jlakie, MacHBHHje 3Be3d€ Ce JAKIIE CIUBOIITE MO
J€ejCTBOM poTanHje. '

-
35
«
. N
- RJd
30+ *
25+ o =
o  &d
— g - .
o [ g
— 20 .
o« f.;' '
15+ e , ,
e —=— Pagjycu HepoTupajyhux Mogena
1 7 -« - MNonapru pagjycu poTupajykux mogena
s & -« - ExsaTopcku paguiycu porupajyhux Mogema
1.0 s?
T T T T B p—
1] 2 4 6 8 10

mi{M]

Crnuka 1. OAcTyname NoJlapHUX A EKBATOPCKMX paaujyca 3a yraody 6psuay 0.00015 s

IIpomeHe paaujyca koj 3Be3la Mace jeiHe u e Mace CyHua CY M3y3€THO Maje 3a
nocMarpasy yraoHy Op3uHy. To je 3aro miro cy xpuTHaIHE Op3uHe (edekTHBHA rpaBUTaNMja
jennaka HynH) OBHX 3Be3ia map myta Befie ox 0.00015 s™' u mpomene o6nrka 3se3ne jom
HHCY yousmmse. MebhyTum, xon 3Be3gma uHje cy mace Onusy nmecer CynueBHMX Maca,
OAcTynamwe ol chepHor o6/IMKa je OTHITIEaHO.

Ha cnmum 2. ce MOry BHAETH cpe/iibe BPEAHOCTH paiuiyca poTupajyhux Mozena y
OJIHOCY Ha HepoTHpajyhe. JacHo ce BHIH, Na ce 3Be3Jie MOJ yTHLAjeM POTAaLHje MMpe H To,
Ha (HEKCHOj yraoHoj Op3uHH, YTONHKO BHINE YKONHKO Cy MacusHMje. [Hakime, ako
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¢puxcapamo yraoHy Op3uHy, MaCHBHHje 3Be3le Noka3yjy Belie oacrymame ox cepe H
w3paxeHnje nosehame CBOj€ NOBpIIHMHE.

.
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T T T T T T T T T T 1
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m[M ]

Cnnka 2. OACTyname Cpe/IibHX paadjyca 38e34a 3a yraony 6psmmy 0.00015 s

Hlro ce tHde mMogena 3Be3ne Mace AeceT CyHUEBHX Maca Ha Pa3sHHM YTaOHHM
O6p3uHaMa, MOXe ce 3aKJbYTHTH Ja CpeqibH paaujyc pacte ca nosehamem yraoue Opsume.
INonapun pamdjyc ce Beoma Maio nosefiaBa 3a Maje yraoHe Op3uHe, jep cpeqbH pagdjyc
pacTe, a OACTyname of cdepe HHUje BEIHKO, 3aTHM OTHIE JIa ONaja CBe 10 Op3HHa Koje Cy
6nucke KpHTHIHO] Op3MHM pOTalHMje Kaa NOUHLE MONAKO Ja pacTe YCIeA Harjaor mnpema
3sesne. ExBatopckn pamujyc cranmno pacte. OO/MHK 38€34€ CBe BUIIE OJCTyNA of cepHOr
obiuka kako ce yraoHa Op3uHa nosehasa. Paznuka u3Melly mojapHOr M €KBaTOpPCKOT
pagujyca je cBe Beha.

Ha ciumm 3. ce Moxe BHAETH IIPOMEHA MOJapPHOT U €KBATOPCKOT paadjyca 3Be3/e
Mace feceT CyHUIEeBHX Maca y 3aBHCHOCTH 0]1 yraoHne Op3une portanuje. Jlakie, eKBaTOpCKA
pamujyc cBe Gpxe pacre ca nosehamem Op3uHe poTaluje, [OK NOJApHH NOJAKO ONada, Oa
6u y Onm3uBM KpHTHYHHX Op3HHa moueo BeoMa Mano Aa pacte. Ha cnuum 4. je mara
9eTBPTHHA MEPHAMjaHCKOr Mpeceka 3Be3fe Mace AeceT CyHUeBUX Maca, y CIy4ajy Ja OHa
He pOTHpa H Yy ciydajy yraoHe Opsmue on 0.00015s5™'. Moxe ce jaCHO BHEETH Kaxo
poTalHja Mera 00IHK 3Be3 €.
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38~
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Cmuxa 3. Ilpomena nonapHor 4 eKBaTOpCKOr paamjyca 3e3sie Mace gecetr CyHUeBHX Maca

—— Hepotupalyhm monen
- vapajym mogern
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Cnuxka 4. Ilpomena o6uka 3e3fe Mace Aecer CyHueBHX Maca ycleXl poTaugje.
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4.3AKJbYYAK

PesyATaTd H3IHETH Y OBOM paiy Cy Y CKIagy ca paHHje KoOHjeHHM pesynratuma. Ycomen
POTAIHOHOT KPETaka IONa3H A0 MHPEH:a 3BE3ME H OJCTyNama BeHor obnuka of cdepe.
Haxne, exBHIOTCHIMjaHE BOBPIIY BRIIE HACY cdepe, Beh Cy BHEIC WIH Maihe CIUBOOITCHE
y 3aBACHOCTH Of YraosHe Gp3HEe poTalsje, afH H Mace 3Be3/e.
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