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P R E F A C E

The 6th symposium of the Subcommission No. 6 -- Star Clusters and 
Associations -- of the multilateral cooperation "Physics and Evolution 
of Stars" held in Visegrád (near Budapest, Hungary) during Bűne 5-9, 
1989, was simultaneously the 8th conference of the subcommission. It 
was organised by the Konkoly Observatory of the Hungárián Academy of 
Sciences and the Astronomy Department of the Roland Eötvös University. 
The Local Organising Committee was headed by B. A. Balázs.

36 astronomers of 8 countries participated in the symposium and 
contributed to the discussions on "The Role of Star Clusters and Asso
ciations in Cosmogony and in the Study of Galactic Structure . The 
field "Computer-based Compilation and Evaluation of Astronomical Cata
logues and Archives" (project No. 3 of the cooperation) was alsó in- 
cluded in the scope of the meeting. Thus the following fields were 
dealt with in the scientific programme:

— star forming regions, young stellar groups;
— cluster morphology, age, kinematics, metallicity,
— variable and peculiar objects in clusters;
— photometry of clusters;
— clusters of galaxies;
— cluster cataloguqs, data banks.

The generál purpose of the meeting was the quick dissemination of 
results of the multilateral cooperation and the deepening of contacts 

with astronomers of neighbouring countries.
In the volume we present the papers read at the meeting. It is 

the honour of the editors to express their appreciation to all those 

who contributed to the success of the symposium.

The Editors

Budapest, December 30, 1989
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KlíERfíY OUTPUT OF ASSOCIATIONS ÁSD STAR COMPLEXES

Veta S. Avedisova
Astronomical Council of the USSR Acad. Sci.

Pjatnitskaya, 48
109017, MOSCOW 

USSR

ABSTRACT. Average values of 0 stars and supernova progenitors 
per an association (Nqa-25 and Per a star
complex (Noc:i5O and NSNC=ŐOO) are estimated on the 
hasis of the Catalogue of Supergiants and O Type Stars in 
Associations and Clusters and the Catalogue of Star Formation 
Regions in the Galaxy. Average energy outputs produced by 
sequential supernova explosions in an association and in a 
star complex are estimated as about 2*10 erg and 
(5-8)*1053erg, correspondingly. These amounts of energy are 
sufflcient to form superclouds and numerous observing large- 
scale structures in the ISH, calculated with more reál value 
of efflciency of transformatlon the initial energy deposition 
intő the ISM Kinetic energy, than one suggested earller.

1. INTRODUCTION.

LooKing closely at the hierarchlcal structure of spirál 
galaxies one can distinguish subsequent levels in their 
structure. The first level is a divislon of a galaxy intő 
disK and haló components. The second level is spirál arms. 
These two levels are well Known and promment. Recently we 
have came to the third one. It is a star complex level. The 
star complexes were discovered by Efremov (1978, 1979) in our 
Galaxy and by Elmegreen (1983) in external galaxies.

Star complexes are the main structure of spirál arms. 
They are formed from superclouds with masses of 10 M®.
In its turn such superclouds are resulted of the gravitional 
instabillty in differentially rotating gas disk, by Elme
green’ s (1987) assumption. However, in the reál conditions 
of extremely inhomogeneous distribution of the interstellar 
matter (ISM) in the disK the action of the mechanism is 
hardly possible. Recently Tenorio-Tagle and Palous (1987)

•Star Clusters ad assodatioK" 

Ml. fístron. tep. Stvns Mv.

Ho.10, Bolapest (19$) 
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suggested an alternative model of supercloud formation, 
needed an anormous energy depositlon of io53erg in a li
mited volume during limited time interval with an efflcien- 
cy of transformation the released energy intő a kinetic one 
of 3OZ.

The local significant energy output is alsó required by 
numerous observational objects, such as Heiles's structures- 
Hl shells, supershells, shell-like objects, "worms" et 
cetera. On the other hand, the existance of OB associations 
and their groups in the form of star complexes is accomponi- 
ed by a prominent energy output during enough short interval 
of time. This energy must affect very much nőt only a thermal 
State, bút alsó dynamics of a surrounding ISH.

In an extendent survey Tenorio-Tagle and Bodenheimer 
(1989) consldering various sources of energy fór construc- 
tion the large-scale structures in the galaxies went to con
clusion that the main energy input intő the ISH is given 
by the sequentual supernova events in the OB associations 
and clusters. Survey of various works where the estimations 
of the number of massive stars in the associations were made 
led the authors to the conclusion that the average number of 
stars with masses of M>8Ho(progenitors of Type II super- 
novae) is 40 and the maximum value of stars can reach of 120 
- 330 stars in the exceptional1y rlch associations.

This article concentrates on the estimations of the 
number of o stars (NQ)and the number of supernova proge- 
nltors (NSN)in the typical stellar assoclation and in 
their groups - star complexes. It allows finally to estlmate 
more realistlc values of typical and maximum energy deposi- 
tions in the ISH and a value of efflciency of transformation 
the released energy intő Kinetic energy of the ISH.

2. DESCRIPTION OF DATA

Fór the estimation of an amount of massive stars in the 
galactic associations the Catalogue of Superglants and O 
Type Stars in Associations and Clusters by Humphreys and 
HcElroy (1984) (futher HH) was used. It contains all Known O 
and early B stars and superglants being members of the gala- 
ctlc associations. Fór each star of the catalogue associations 
a spectral type, UBV photometry and alsó values of absolute 
vlsual and bolometric magnitudes calculated in the assumption 
that all assoclation stars are located at the same distance 
from the Sun are given. In present study several assoclation 
distances were changed in comparlson with the catalogue va
lues on the basis of nowadays investigations.

Besldes the vlsible in optlcs associations the star 



- 11 -

complexes contain somé HII regions with invislble young 
associations or star clusters. Fór the estimation of amount 
of invislble massive stars immersing intő gas and dúst 
siiells the Catalogue of Star Formation Regions in the Galaxy 
by Avedisova (1998) was used. The rádió observational data 
taKen from it allow to determine the ionizing photon fluxes 
from HU regions and to calculate the number of hidden 
stars.

3. THE NUMBER OF O STARS IN THE GALAXY ASSOCIATIONS

The counts of O stars in OB associations must taKe intő 
account the selection effects of HM Catalogue. According to 
the analysis of the sample of the OB stars and supergiants 
of the Catalogue made by the authors (1984) the completeness 
of the data is provided fór the objects with the distances 
within 3 Kpc from the Sun and fór stars with bolometric 
magnitudes, Mg<-8. 0 mag. However, our analysis showed 
that it is necessary to limit the counts by the distances of 
a. 5 Kpc from the Sun. According to the evolutionary tracKs 
by Maeder (1981, 1983) and the spectral and luminocity ca- 
libration by de Jager and NlenwenhuiJzen (1987) the limit 
of mb=-8.0 mag corresponds to the stars with an initial 
mass of 30 Mq and spectral type of 08. The counts of all 
stars with Mg<-8. 0 were made fór all associations within 
a. 5 Kpc from the Sun. Then the expected numbers of all 0 
stars (including M = 18. 5 Mo which corresponds to the 
spectral type of 09. 7) were calculated fór the chosen asso
ciations by extrapolating the initial mass function (IMF) 
with the slope of -1.5.

In Fig. 1 the number distribution of the amount of O 
stars m each association of Humphreys' üst is shown. On 
can see in the figure two maxima, one is at about 8 O stars 
per association and arother one at 35 O stars per associa
tion. The füled squares show associations located along the 
promlnent spirál arms and intő star complexes. Among them 
there is only one maximum at 25 O stars.

A conception of "an association” is quite unclear. 
Probably they are born as clusters and then after sweeping 
up the slgnlflcant part of the initial cloud mass by O star 
wlnd they disperse intő association, expending and mixmg 
with the nelghbourlng associations. That is why the evolved 
association whlthin star complex becomes more and more rich 
and extendent. It explaln.s the rlght tail in the 
distribution.
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Fig. 1. The distribution of the number of O stars in the 
associations. Füled squares - associations 
whithin the star complexes.

The first maximum can be explained on the one hand by 
the small and poor associations situated between the spirál 
arms and outside the star complexes. On the other hand it is 
due to the very young associations whithin the star 
complexes, liKe the clusters Tr 14, Tr 15, Tr 16 and Cr 226, 
which are the future association, like Cár OBI.

Therefore the normál association has about 25-30 O 
stars. Hőre rich associations such as Cyg OBI, Cen OBI, Cár 
OBI and Sco OBI, have about 50 O stars, and the most rich, 
like Per OBI, about 60 O stars.

Among the most young associations there are HII 
regions where a vlsual absorption is very high (somé tens 
magnitudes) and which are uncovered by their rádió fluxes. In 
this case the amount of massive stars can be estimated on 
the basis of the value of rádió flux density, due to O stars 
in generál. From the Catalogue of Star Formation Regions the 
powerful HII regions situated in the star comlexes of the 
table were chosen. Assuming that the optical depth at 5GHz 
is small the totál quantities of Lyman photons can be 
estimated from the values of rádió flux densitles. The 
number estimations of No+Bostars, radiating the Lyman 
photon flux, Nl, were made using the calculations of Lyman 
photon quantities, radiating by O star atmospheres 
(Avedisova, 1979):
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Nq + B03 C (X/2 * 1047 > 1 1 /2

Using this relatlon the expected values of .0 stars were 
found fór the cnosen HU regions.

4. AMOUNT OF SUPERNOVA PROGENITORS IN THE ASSOCIATIONS

At first tiie typical OB association inputs in tne ISM 
the stellar wlnd energy. Bút in spite of that a whole amount 
of energy per one star from the wlnd and a supernova explo 
sión is the same (about io51erg), the numbers of stars 
taKlng part in both processes are dlffers by a decade. 
The thlng is, that only very massive (M > 30 M®) stars 
have enough strong stellar wlnd, hűt supernova progenitors 
have much lower masses M > 8 Mq. The expected number 
of supernova progenitors in our associations was alsó 
estimated by extrapolation of the IMF down to 8Mq (Sp. T. 
~B2). It is found that Ng^ is about from 4. 5 to 6 times 
exceeded the number of O stars, Nq, depending on the 
spectral type of the earliest star. If Nq is 25, then 
New is about 130, and fór the very rich associations can 
be 250-400 stars. It means that during the evolution of a 
typical association the released energy may be about 
(2-3) IQ” erg, and in the rich association the energy 
deposition can reach 4*1053 erg.

5. ENERGY OUTPUTS IN STAR COMPLEXES

In the lagre-scale structures of spirál galaxies, 
extendlng along a Kiloparsec, the main energy sources can be 
alsó concentrated intő a part of this area. Distribution of 
associations In complexes often is enough compact. There 
a reason to estlmate tne totál energy released in a star 
complex as a posslble energy source fór forma ion o 
superclöuds.

The most prominent star complexes are located along tn 
main spirál arms in tne Galaxy. The table deseribes the most 
well-Known star complexes, located within 2.8 Kpc from the 
Sun. It glves the associations and the powerful HII regions 
containing in each complex. One can see that the energy 
deposition in star complexes can reacn (7 - 8)10 erg 
during about 3*107 years. Such high enegry input in 
the ISM allows to lower the efficiency value of transfor- 
matlon of released energy intő the Kinetic energy of the ISM. 
That is very Important fór the action of processes of super- 
structure formation. In this case the efficiency may e 
as low as several (2-4Z) procents, that Is reál enough fór 
the ISM.
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THE MASS SPECTRUM OF UNRESOLVED DOUBLE STARS

B. Stecklum
Karl-Schwarzschild Observatory, Tautenburg, 6901, 
and
University-Observatory, Jena, 6900
GDR

ABSTRACT. The derivation of the stellar mass spectrum (MS) by converting 
an observed stellar luminosity distribution using a mass-luminosity 
relation (MLR) assumes implicitely that all stars are single. However, 
due to the limits of angular resolution a fraction of double stars 
remains unresolved. The derived MS- is a superposition of the MS of both 
single stars and unresolved double stars (UDS) fór which a mass is 
estimated according to the totál luminosity. The paper presents mass 
spectra of UDS fór different distributions of stellar masses and mass 
ratios, respectively. The influence of the MLR on the resulting MS is 
illustrated.
The presence of UDS changes the low-mass end of the MS, whereas the MS 

slope at the high-mass end remains. If the mass ratio q is distributed 
in an uniform manner a relatively broad cut-off at the low-mass end 
appears. The cut-off becomes steeper fór mass-ratio distributions peaked 
at q=l. If low values of q are more likely the MS resembles that of the 
primaries.

Fór a fixed number of stars, and a given stellar density distribution 
the fraction of UDS depends strongly on the angular resolution.

1.I NTRODUCTION
In the derivation of the MS by transforming a stellar luminosity distri
bution it is often neglected that due to the limits of angular resolu
tion a fraction of double or multiple stars remains unresolved. In the 
context of the following it does nőt matter if these stars are really 
bound or close together by projection. In the case of an UDS (or an 
unresolved multiple star - UMS) a mass is estimated according to the 
totál luminosity. Therefore, the derived MS of a stellar system is a 
superposition of the MS of single stars and the MS of UDS (and UMS, 
respectively).
With the dcvelopment of high-angular resultion techniquos (speckle 

interferometry, lunar occultation) a number of former believed single 
stars turnéd out to be double or even multiple (McAlister, 1989). The 
same effect has the improvement of image quality by active optics (Wil- 
son, 1989). The question is nőt only how do UDS influence the shape of

'Sár Clusters ad BssoáXurs" 

Publ. Astron. Dep. Eötvös Univ. 

Ib.10, Budapest (1990) 
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the MS, bút to which masses extends the MS at all?
The first chapter of the paper contains the derivation of the MS of UDS 

fór two specific MS of single stars, and two different MLR. These re
sults will be compared with Monte-Carlo simulations. In the next chapter 
a method will be presented to estimate the probable number of UDS fór a 
given limit of angular resolution in the case of a polytropic stellar 
density distribution. At the end of the paper the results will be summa- 
rized.

2.THE MASS SPEKTRUM OF UNRESOLVED DOUBLE STARS
Fór the derivation of the MS of UDS n (m) two initial MS n(m) of single 
stars will be used, the classical Salpeter-MS (Salpeter, 1955), and the 
Miller-Scalo-MS (Miller and Scalo, 1979). The MS were cut-off at 0 1M 
and 50M . ®'0

Salpeter n(m) = C- m-2,35,
Miller/Scalo n(m) = C^expí-dn m+2.3025)2/4.605)/m. (1)

Both distributions were normálized 
50 

n(m)dm=l . (2)

0.1
It will be assumed that the distances of the stars are equal and known, 
e.g.for members of a star cluster, so that the luminosities are avai- 
lable. To illustrate the influence of the MLR l(m) two different MLR 
were adopted, a simple power law, and the MLR according to Heintze 
(1973)

"simple" l(m) = m4,

Heintze l(m) =fm4-85í1-0.077741n m) m>Q>7M
10.4093 rn a m40.7M® . (3)

The basic equation fór the present purpose is given by

n(l) dl = n(m) dm, (4)

from which the MS can be derived if the luminosity distribution is known 
or vice versa. In the case of an UDS a resulting mass m_ is obtained by 
inverting the MLR *

m2 ’ m(lp+ls) , (5)

where lp, lg are the luminosities of the primary (brighter) and seconda- 
ry (fainter) components, respectively. The resulting MS no(m) in the 
presence of UDS can be written as R

nR(m) = (1-f) n(m) + f n^ím) , (6)
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where f is the fraction of UDS (see next chapter). Fór the derivation of 
the MS of the UDS n?(m) it will be assumed that the luminosities (or 
masses, respectivelyl of primaries and secondaries are nőt correlated. 
The totál luminosity of an UDS is lj=lp+lg. Using the assumption it 
follows that the luminosity distribution of UDS n^tl) is the convolution 
of the luminosity distribution of single stars

lp(50)

n2(l) = n(lp)n(l-lp)dlp . (7)
4 (0.1)

Using Eq.(4) the MS of UDS is obtained

n2(m) = n2(l)|dl/dm| .

Fig.la: MS of UDS fór the 
initial Salpeter-MS and two 
different MLR (A -"simple", 
B -Heintze)

Fig.lb: Same fór initial 
Miller-Scalo-MS;a,b - high- 
mass cut-off of initial and 
resulting MS (simple MLR), 
respectively;

(8)
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Fig.l shows the MS of UDS fór the initial Salpeter- and Miller-Scalo-MS 
respectively. Fór both cases the low-mass cut-off is shifted to somewhat 
higher masses. At the low-mass end a turn-over appears, which is broader 
in the case of the Miller-Scalo-MS. In the mass region below 1M the 
resulting MS differs signifcantly from the initial MS, whereas in the 
ni^-mass rangé the shape of the MS of UDS is essentially the same as 
that of the initial MS. However, the MS of UDS extends to higher masses 
(high-mass cut-off at 50M fór the initial MS - a, at 69M fór the 
simple MLR - b, at 74M fór'the Heintze-MLR). The appearance at the low- 
mass end depends on the actual location of the cut-off which was chosen 
arbitranly.
Fór comparison several Monte-Carlo simulations have been performed 

using different distributions n(q) of the mass ratio q=mc/m_ Gg[o 1] 
The above result corresponds to a uniform distribution n(q)=?ónst. 'two 
other casee are trivial. If n(q)=í(q), i.e. no secondaries present, the 
MS of_ UDS is identical with the initial MS. In the case n(q)=í(l-q) 
primaries and secondaries are of equal mass and luminosity, therefore 
22 m corresponde to the initial MS shifted to higher masses. In Fig.2
;”e results of the simulations can be seen fór the combination of Salpe- 
ter-MS and Heintze-MLR fór three distributions n(q) (const q^ (1-q) 
The number of UDS contained in the distribution is 10 .

Fig.2a:Monte-Carlo-Results fór ini
tial Salpeter-MS and Heintze- 
MLR in case of n(q)=const.

Fig.2.b: Same, bút fór n(q)~q^.

Fig.2c: Same, bút fór n(q)~(l-q)^.

It is straightforward to extend 
the rigerous method to estimate 
the MS of UMS. However, due to 
th^ multiple convolution the 
computational effort increases 
considerably.
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2. THE FRACTION OF UNRESOLVED DOUBLE STARS
Besides the form of the MS of UDS it is of interest how many UDS contri- 
bute to the resulting'MS (see Eq.(6)). In the following an evaluation of 
the fraction f is given which assumes that the number of stars n in an 
area element dA of the sky is governed by Poisson's distribution.

p(n) = n*(x,y)n exp(-n*(x,y))/n! . O)

The case of a uniform surface density distribution corresponds to 
n+=const (e.g. number of stars per square degree). The mean number N of 
stars within an area A of the sky is then N=n*A.

Now consider the area A„ of a disk having a radius that corresponds to 
the observational angular resolution of the telescope, which will be 
called the effective seeing disk (ESD). The mean number of stars per ESD 
is ng=n*Ag. The probability of the occurence of two stars in one ESD is 
according to Eq.(9)

2 
p(2) = ng exp(-ns)/2 .

The totál number of ESDs in the investigated field is Ng=A/Ag. So, a 
number N_= p(2)N_ of stars are expected to be UDS.

A more realistid description is given by a superposition of a constant 
surface density n_ (stellar background) and a cluster surface density 
distribution n^tx^T which follows from a polytropic cluster model.

n„(r) = 4n r_(l+(r/rr)2) 2/3 , (10)
C o c o

where r_ may be considered as cluster radius, and r is the radial 
distance. So, the overall surface density distribution is

n(x,y) = nc(x,y) + n$ .

The mean number of stars within a ESD at distance r from centre

(11)

is

ns(r) = n(u,v) dudv . (12)

As(r)
The expected number of UDS is obtained by integration in polar 
nates over the area taken intő consideration

coordi-

N2 = 2K n (r)2 exp[-n (r)]/2 dr/A 
| s =»

(13)

Values fór N„ were 
cluster radii. It

0
obtained by numerical integration of Eq.(13) out to 5
turnéd out that fór a given number surface density of

stars the size of the ESD is critical fór the number of UDS. Of course, 
this number is higher in the presence of a crowded background field.
Table I gives results fór a 3000Mq model cluster of radius rc=15' 

having Nc=8772 members in the mass rangé from 0.1 to 50Mq (Salpeter-MS) 
fór two ESD diameters without, and with background stars.



- 22 -

Table I.
Number of UDS fór a model cluster of radius 15' containing 8772 members

ESD diameter 0?3 3?0
nB */□“ N % N2 %

0 07356 0.004 35.11 0.420
44640 29.08 0.012 2836 1.260

In the presence of background stars the corresponding surface density is 
equal to the maximum surface density of the cluster n (0). The percen- 
tagé of UD^ is defined as N divided by the number o? observed stars 
NC+nB-n ^5rC -N2' is °“vious that a tenfold increase in angular 
resolution reduces the fraction of UDS by about two' orders. From the 
results the conclusion may be drawn that the fraction of UDS is too 
small to influence the estimation of the MS. However, one must be cau- 
tious because the lower limit of the MS may be smaller than 0.1M which 
results in a much larger number of cluster stars, and, in addition, the 
cluster may be more concentrated than in this model. Therefore, in'somé 
cases a fraction of UDS of about 5 per cent seems nőt unrealistíc. The 
application to photographic images of star fields should include the 
effects of light scattering in the photoemulsion enlarging the stellar 
image in dependence on both stellar brightness and focal length, and as 
a consequence, the number of UDS.

4. SUMMARY
The question of the influence of UDS on the estimation of the MS has 
been investigated. The shape of the MS of UDS shows significant diffe- 
rences at the low-mass end (presence of a turn-over) compared with the 
initial MS, whereas at the high-mass end the slope of the initial MS is 
conserved. This conclusion agrees with the results of Malkov and Pisku- 
nov (1989) fór the stellar luminosity function.

On the base of a polytropic density distribution fór the star cluster 
the expected fraction of UDS has been computed fór two cases of the 
effective angular resolution in the presence, and absence of a stellar 
background. The results indicate that improving the angular resolution 
is a severe way to avoid the influence of UDS. Images of a concentrated 
star cluster in a crowded field obtained under bad seeing conditions may 
contain a significant fraction of UDS, especially if taken by photo- 
graphy.
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THE ESTIMATES OF TIDAL SIZES OF OPEN STAR CLUSTERS IN THE GALAXY

V.M.Danilov, G.V.Beshenov
Astronomical Observatory of the Urals State University, 
620083 Sverdlovsk
USSR

ABSTRACT. The stability of open star clusters (0C1) embedded in the 
joint gravitational field of the Galaxy and a gas-star conplex with mass 
~107MQand size ^1 kpc has been investigated. The influence of this fi
eld reduces the 0C1 tidal radius rt by factor 1.5 - 2.5 as compared with 
rt in the case of the Galaxy field only.
Three different estinates of the tidal radius rt of 0C1 havxng ncncircu- 
lar orbits in the Galaxy field have been performed. The value of tidal 
radius of 0C1 with noncircular orbits coincide with rt of OCL moving in 
Galaxy at corresponding Central circular orbit.

Study of the structure of open star clusters in solar neighbour 
hood shows, that old OCl-s have larger average values of relatíve radii 
(in units of tidal radius rt) than young OCl-s (see fig. 3, in paper 
Danilov, Seleznev, 1988). Stars in young OCl-s are on the average situa- 
ted deeper under the tidal surface defined by gravitational field of the 
Galaxy, than in old clusters, that points on a large stability of young 
OCl-s in tidal field of the Galaxy. However, the mean life-time of young 
OCl-s is less that of old clusters (Wielen,1971). It may be ccursed by 
the disruption of young OCl-s by collisions with giant molecular clouds 
(GMC) in galactic disc (Wielen, 1985). Recently published data of GMC 
catalogues (Dame et al., 1987; Sclomon et al.,1987) lead to notably less 
values of concentrations of GMC and their mean masses in solar neign- 
bourhood, than it was assumed earlier by (Wielen, 1985, Danilov, 1987a, 
Danilov, Eeshenov, 1987), that makes disruption times of OCl-s approxi- 
nately three times larger (Danilov, Seleznev, 1988b). Thus the mecha- 
nism, which was nőt taken intő account in this estimates of OCl-s dis 
ruption times that notably decreases the stability of OCl-s in outer 
force fields has to work in solar neighbourhocd. Effect of such mecha- 
nism on young CCl-s dynamics may be caused by gravitational fields of 
gas-star complexes (GSC), which contain this OCl-s. The examples of such 
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systems,arguments fór GSC to be gravitationally bounded and fór stabili- 
ty of ccmoving neutral hydrcgen superclouds are presented in papers of 
Efremov, 1986;Elmegreens, 1987. According to this papers Hl superclouds 
(and probably GSC-s) have masses of 107 M0 and sizes up to 1 kpc.

The purpose of present paper is to analyse 0C1 stability in Galaxy 
field with (and without) of the GSC effect on stability of 0C1 comoving 
with GSC in Galaxy.

As an approxirration to solution of one of these problemsthe stabi- 
liti of 0C1, which moves in orbit of radius ro with constant angu- 
lar velocity around the center of massive GSC (in coordinate system cen
tered and fixed with GSC) was considered.The following assumptions are 
used in present paper. The mass center of GSC moves along cirsular orbit 
with constant angular velocity cuc about Galaxy center. OCl's and GSC's 
orbits are situated in Galaxy pláne. The cluster is simulated by homoge- 
neous gravitating sphere. There are considered two models of GSC: homo
geneous and unhomogeneous spheroids, which are oblate along Z axis. The 
density of unhomogeneous spheroid is assumed as decreasing from its nass 
center by the low: jj~(l - f)2, f = (r/a)2 + (Z/ö)2; a and c are 
spheroid semiaxes, Z axis is perpendicular to Galaxy pláne, r - distance 
from Z-axis of GSC.

Linearized equations of star motion in 0C1 orbit pláne are written 
in coordinate system, which is motionless relatíve to cluster, with res- 
pect. to force fields of 0C1, GSC and of Galaxy (r /R 1, R /r 1; 
R is the radius of the orbit of SC, R is the radius of 0C1):

— = YU) S, + b , b = const, (D
> dt

where t is time, c,; is components of radius-vector and of velocity vector 
of star in assumed reference frame. Mátrix: Y(t) is periodic with peried 
T = 2u/aJ¥. The Solutions of stability problem fór the system of equati
ons (1) may be reduced to analysis of Solutions stability of correspon- 
ding systems of linear homoeneous equations (Demidovich, 1967; Jackubo- 
vitch, Stardzinsky, 1972)

X(0hE, (2)
dt

where X is the mátrix of the fundamental Solutions of system (1) with b = 
= 0 and E is unit natrix. _*

There is considered the particular case of = , uu . in pre
sent paper. Such conditions may exist in outer regions of the most exten
ded gravitationally bounded GSCs or in certain parts of OCl's orbit in 
unbounded ccmplexes. In this case mátrix Y nőt depends on the time t and 
in this paper the formula fór cluster's tidal radius r. has been obtai
ned. The value rt depends on angle <p between directions from nass center 
of GSC tov^rds nass center of 0C1 and towards galactic anti-center:

rt(<? = ±tü/2) >rt (,^=E)>rt(^ = 0).

In more generál case, when integration of equations (2) fór
t from 0 to T allows to dérivé monodromy mátrix X(T) (see Demidowich, 
1967; Jackubovitch, Stardzinscky, 1972). The analysis of the stability of 
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0C1 in pláne of its orbit fór the unhcmcgenecus Gsc with the help of nul- 
tipliers of mátrix X(t) shows, that on "direct" orbits (07^ > 0) CC1 has 
smaller values of tidal radius rt, than on "retrograde" orbits 0).
It is well known that the greater stability of_"retrograde" orbits of in- 
dividual stars in cluster, which moves along circular orbit in the Galaxy 
(Keenan, 1981). The cluster stars with "retrograde" motions in GSC in our 
case form the bunch of the orbits within gas-star ccmplex, which are more 
steady than that in the case of "direct orbits. This leads to greater 
stability of 0C1 on "retrograde" orbits.

In the case of "direct" orbits of clusters in GSC the value rt fór 
0C1 is in a good agreement with

r _ r_________ GMC_______________ V/5 3?
klA-BjíA + cu^-^^d^ + S^ ’ ?r (3)

s-gr0V4R0\ g =
where M= is the cluster's nass, A and B are the Oort s constants, 

and -gravitational potentials of GSC and Galaxy. Value rt in (3) 
is derived by the averaging of mátrix Y(t) over period T. In the case of 

<0 fór inhomogeneous GSC formula.(3) corresponds to bcundary of 0C1 
stability region in outer parts of gas-star complex.

There were executed numerical experiments fór study of dynamical 
evolution of 0C1 by the numerical integration of motion,equations fór N- 
=500 stars of equal masses in models of 0C1, which is virialized at 
and which moves near the circular orbits arcund the center of GSC in the 
joint gravitational field of the Galaxy and GSC. It is.assumed that mass 
center of GSC moves along the circular orbit in galactic pláne. The me- 
thods of integration, of setting of initial conditions and the forms of 
galactic and GSC potentials are described in (Danilov, 1985; Kutuzov.üs- 
sipkov, 1980; Chandrasechar, 1973). The position of minimum of star tan- 
gential velocities distribution over star distances from mass center or 
cluster is used fór estimation of 0C1 tidal radius, as well a^ in (Al
lén, Richstone, 1988). The results of detennination of rt in numeri- 
cal experiménts are in close agreement with the theoretical results, ob
tained in linear approximátion. That allows to use formula (3) fór • 0C1 
tidal radius estimation in the joint .gravitational field of GSC and Ga- 
W'lf GSC nass is (1 - 2) 10^0 and its semiaxes are a = 300 - 400 pc, 
c = 35 - 100 pc, then the tidal radius of 0C1 averaged over the region 
of GSC becomes 1.5 times smaller fór the direct orbits of 0C1 fór ho- 
mcgeneous GSC and 2 - 2.5 times smaller fór inhomogeneous Góc than the 
values rt, which caused by the effect of Galaxy field only. This 
can lead to increase of instability degree estimations of 0C1 in the so
lar neighbourhood (Danilov, 1987b) and permit to coordinate OCl disrup- 
tion times with observation data on age and Ufetimes of such clusters 
(Danilov, Seleznev, 1988b) with new data on GMCs (Dame et al., 1987, So- 
lomon et al., 1987) that actively affects the disruption of 0C1.

There were used three different approaches fór investigation of ti- 
dal sizes of 0C1 with noncircular orbits (disregarding of GSC field) in 
this paper.
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1. The equations of motion of star of cluster with epicyclic galactical 
orbit in cylindrical galactocentric coordinates (R, 9, Z) where written 
down. As before it is assumed the rotational symmetry of Galaxy poten- 
tial. Fór the case, when sizes of clusters and semiaxes of 0C1 motion in 
R and Z coordinates in the Galaxy are small in comparison with the dis
tance of 0C1 from Galaxy center (Condition 1), the analysis of cluster 
stability in linear approximation was carried out. It is shown that clu
ster tidal radius on such orbits is equal to tidal radius of 0C1, which 
moves along the Central galactic circular orbit (King, 1965), which cor- 
respond to the given epicycle. The use of Condition 1 by the lineariza- 
tion of equations of star motion in 0C1 makes possible to suppose the 
constancy of the mátrix Y fór our case. The elements of mátrix Y in this 
case are equal to values of mátrix Y elements, when .cluster moves along 
the Central circular orbit.
2. If the mátrix Y depends on position of 0C1 on epicycle of its orbit, 
the stability of cluster in pláne of 0C1 orbit nay be investigated by 
means of euations (1), in which the terms corresponding to GSC are ex- 
cepted. As a simplification let us consider circular epicycle of cluster 
orbit, which placed in Galaxy pláne. In this case the natrix Y is perio- 
dical on time with peried Ti = ZlC/w,, where w, is epicyclical frequency 
of motion in Galaxy field, and the 0C1 motion is "retrograde".

The analysis of 0C1 stability with the aid of multipliers of the 
corresponding mátrix X(Ti) (see (2)) shows that the tidal radius of 0C1 
with a high precision is equal to constant value 0.97rt over the consi- 
dered rangé of epicycle radius r0 = 50 - 800 pc, where rt is calculated 
according to (King, 1965) fór Central circular orbit of 0C1. The diffe- 
rence of multiplier at rt from 1 is caused by assumption about circular 
shape of epicycle.

The method of estimation of the value of tidal radius fór the clus
ter, which is similar to that considered here, was used in (Angeletti et 
al., 1983, 1984; Angeletti, Giannone, 1983), where the analysis of sta
bility of star clusters in linear approximation fór the orbits with lar
ge eccentricities are carried out. However, the shape of the boundary of 
"dcmlnating” stability region of cluster, introduced in these papers, 
V = V(e) (see fig. 4 in (Angeletti et al., 1983) or fig. 1 in (Angelet
ti, Giannone, 1984)) is too rough at e ~ 0 - 0.1 and therefore it is nőt 
applicable fór the stability analysis of the most OCls in the solar 
neighbourhood. It is necessary to assume the limiting value of V(e) to 
be constant in the rangé of values e = 0 ■? 0.1.
3. The numerical experiments by the integration of equations of motion 
fór N = 500 stars with equal nasses are carried out in this paper. These 
stars form the cluster, which moves along the pláne noncircular orbits 
and along corresponding Central circular orbit with a radius of 8200 pc. 
Let us the half width of noncircular orbit "box"aR measuring along axis 
"center-anticenter" in the Galaxy is equal to 356 pc. Accordingly to 
(Barkhatova et al., 1981), the orbits withúR = 356 pc are characteris- 
tic fór OCls with ages t 2 10® years. The estimations of tidal 
radii of OCls by N-body sinulation of clusters moving on the noncircular 
and on corresponding Central circular orbits are well accord with each 
other. These estimations are near to that of rt, obtained by (King, 
1965) fór the Central circular orbits.
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The use of Galaxy potential in the form (Kutuzov.Ossipkov, 1980) with 
allowance fór results of this part of paper permits to estiraté the 
maximál error őrt/rt. This error is entering to the estunates 
of tidal radius due to assumption that cluster orbits are circular. Let 
us e=(R -Rn)/(Ra+Rn), where Ra and Rn are the apocentric and the peri- 
centric'distances of 0C1 from the center-of Galaxy. If e=0.05 or e=0.1 
fór 001 from solar neighbourhood then we have Ort/rt=+0.036 or 
Sr-t/rt=±0.075 correspondingly. These are smaller than mean error in 
determination of limit sizes of such 0C1 (~10%) in the framework of method 
of star counting (Danilov et al.,1985).
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A COMPUTER PROGRAMME FÓR ESTIMATION OF OPEN CLUSTER CHARACTERISTICS

A.V.Loktin, N.V.Matkin 
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620083 Sverdlovsk, USSR

ARSTRACT. An algorythm of computer determination of main charcteristics 
of the open clusters from UBV photcmetry is presented. The examples of 
deriving reddenings, distances, ages and in somé cases metallicities are 
shown. There is briefly discussed the distribution of 76 open clusters 
in the ga 1 art i r* pláne and found zero-point of the peried—luminosity 
relation frcm Cepheids in galactic clusters as a preliminary results.

The main characteristics of open clusters such as reddening, dis- 
tance frcm the Sun and age, are usually estimated fretn photometrical 
data. In order to get a large set of homogeneous characteristics of 
clusters we decide to develppe the cuiituter pregramme fór estimation 
of such values, analogous to that discussed by Cameron (1985), bút more 
suitable fór determination of cluster ages and nőt so exacting to the 
Quality of photometrical measurements and selecticn of cluster members. 
Such apprcach after the accumulaticn of photometrical data on magnetic 
carriers will provide the opportunity of fást reevaluaticn of .charac
teristics of many clusters using any new sets of isochrcnes, reddening 
lines or distance scale.

By now there exists a large ameunt of photometrical investigaticns 
of open clusters,.especiaIly in UBV system, and it is obvicus to start 
with the data of that photometrical system, theugh we have plans to use 
RGU and Strcrgren systems later. In that short paper we consider the 
operation of our programé and somé preliminary results concerning 
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young open clusters, most xateiesting in connection with the investiga- 
tion of structure of the Galaxy.

Fór estinaticn of reddening we use common procedure of the best 
fit of observational data on two-colcur diagram by shifting data along 
appropriate reddening lines. The best fit is fixed by minimisation of 
the sum of deviations of (U-B) color index, bút using such fitting 
procedure we are faced on with problem of the influence of nonmembers, 
which make the distribution of points around unreddened color-color 
relation asymmetrical. We try to avoid that problem by using the 
minimization of less than 2 powers of deviations, which makes fitting 
procedure less sensitive to large deviations. The power by our expe- 
rience is calculated as P=50/N, where N is number of stars used. Such 
method permit us to use in most cases the photometrical data contami- 
nating by nonmembers and to imitate the by-eye fitting, because mini
mization of srrall powers of deviations gives estimates lying close to 
the mode of distribution.

Fór reddening lines we use the expression of the form

E(U-B)=(0.72+0.05*E(B-V))*E(B-V) (1)

where the values of coefficients are taken from Straizys (1977) fór 
main-sequence stars.

After the evaluation of colour excess soré stars with the largest 
deviations are rejected to prevent the disturbing effect of such stars 
(mainly nonmembers) on the determination of distance and age.

With the estimated value of colour excess the V-nagnitudes of 
stars are dereddened with the ratio of totál to selective absorption

R=Av/E(B-V)=3.34+0.18*(B-V)o+0.027*E(B-V) (2)

This expression was evaluated with the data taken from Straizys (1977) 
fór MS-stars.

Fór the estimaticn of distance modulus we decide nőt to use ZA1S 
fitting procedure because of evolutional deviations of stars, bút to 
make the best fit of appropriate isochrone to get the simultaneous 
estimates of distance and age of cluster. This method allowes to use 
all the photometrical matéria! fór the determination of distance 
modulus, nőt only the unevolved I-S-stars as in the case of ZAM5 fit- 
ting procedure. In order to use the prcgramme fór clusters of various
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ages we use 10 isochrones fór ages fran zero to 15-109 years, which 
we get which we get from Mermilliod and Maeder (1986), Heilesen (1980), 
VandenBergh (1985). The lower parts of the youngest isochrones are 
replaced by those calculated by lton fór contracting pre-ffi stars.

We have slightly shifted the luminosity scale of isochrones to 
permit distance modulus to be equal to 3.-42 fór Hyades cluster 
accoding our estiration (Loktin et al.,1987). In the case of isochrone 
fitting we use color index (U-V) instead of conventionally used (B-V) 
or (U-B) because of better sensitivity of (U-V) to differences in effec- 
tive temperatűrés fór young stars.

After the preliminary determination of distance modulus and age 
somé stars with largest deviations frcm appropriate isochrone are 
rejected and the procedure of estimation of colour excess and modulus- 
ágé determination is repeated to get better quality of the estimates. 
We have to mention, that fór clusters older than 10* years the prog- 
ramme calculates the metallicity by searching fór the best fit between 
the colour-colour diagrams of unreddened stars of varicus metalli- 
cities tokén frcm Camercn (1985).

Table 1. Parameters of somé clusters provided by progranme discussed

Source of Initial E(B-V) [Fe/H] (V0-Mv) Igt Phot
photometry number

of 
stars

IC1805 !Hcag et al.(1961)! 65 ! 
1Ishida (1969)! 26 !

0.788
' 0.788

0.788

- 1 11.585
- 1 11.276
- ! 11.694

6.643 !pe+pg
6.613
6.724

’ pe 
! pe1Joshi,Sagar(1983)! 117 !

h Per Ibíuminov (1982)! 371 ! 0.546 , - ! 11.794 7.079 ! PS
IWildey (1964)! 192 ! 0.554 - 1 11.651 7.497 ! Pg
!Mermilliod (1976)! 50 ! 0.575 - ! 11.399 6.898 ! pe

M67 ! Mirrey (1965)! 285 ! 0.11 1-0.12! 9.594 9.418 ! Pg
IRacine (1971)! 159 ! 0.07 1-0.03! 9.594 9.608 ! pe

lEggen (1964)! 183 ! 0.06 1-0.07! 9.555 9.652 I pe
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Fig.l. The example of isochrone fitting fór 
Praesepe cluster.
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The check of quality of our progranme is performed by using of 
photcmetrical data fór Hyades and Praesepe clusters (Loktin et al.(1987). 
Fór the Hyades merribers we get E(B-V)=0.m007, [Fe/H ]=+0.15, (Vo-Mv)=3.—42 
and age t=6.27-10s years. Fór Praesepe cluster there are performed two Solu
tions. First solution we make fór all stars from catalcgue of bíermiiliod 
(1976) and derived E(B-V)=0.—010, [Fe/H]=+0.02, (Vo-Mv)=6.m27, 
^7 16-10® years. Fór seccnd solution we use only doubtless mar.oers, 
whose ...embership are justified by proper motions and radial velocities. 
Here we have E(B-V)=0.-020, [Fe/Hj=+0.01, (Vo-My)=6 -260 and 
t=6.93-10s years The ccmpariscn between two Solutions shows, that 
the procedure of rejecting stars with large deviations works perfectly. 
The colour-nagnitude diagram of Praesepe cluster and isochrone fcund by 
the prcgramrne is shown on fig.l.

In Table 1 we give another examples of the results of programé 
operation. In last column of the table we point out what kind of photo- 
metry, phctoelectric (pe) or photographic (pg) is used.

The inspection of Tabl.l shows, that fór numeráis photcmetric 
determinations the prograime can give estimates of gocd quality in 
most cases, even if we use photographic photcmetry withcut selection 

oí Tpombdi*
Fig.2 shows the opportunity.of the use of small powers minimiza- 

ticn (SPM> fór best fit procedures. Here on Fig.2 is drawn the color- 
magnitude diagram of very yc«ng open cluster NGC1893, the photometry 
is taken from Hceg et al.(1961). The isochrones fcund by SPM-method 
is shown by solid line, while dashed line represents the isochrone 
selected by least squares method. The difference between distance 
moduli of that two solution is equal to about 1-

On fig-3 we show the distribution of clusters in the projection 
on the galactic pláne. Here considering clusters of equal ages one 
can see the location of spirál arms. We have to mentien, that to drawn 
that figure we. use inccmplete data fór 76 clusters, that is why this 
picture must be taken as preliminary. On fig.3 one can see setne 
multiple clusters such as the grcup consisting of clusters IC4725, 
Cr394 and NGC6716. Somé space characteristics of that grcup of clus
ters are collected in Table 2. Tne dianeter of that grcup equals 67 pc. 
The little scatter of ages fór clusters in groups shows good quality 
of our ages.
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Fig.2. The isochrone fitting by small power3 minimization 
(solid line) and least squares method (dashed line) 
fór NGC1893.
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Fig.3. The distribution of ycung open clusters in the galactic 
pláne. "S" denoies the position of Sun.
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Table 2. Space characteristics and ages of triple 
System of Southern clusters.

! Object ! X,pc ! Y,pc I Z,pc ! Igt !

1 IC4725 ! 617 ! 153 ! -54 ! 7.89 !
! Cr394 ! 620 ! 167 ! -101 ! 7.87 !
’ NGC6716 ’
i--------------  ।

630 1 177 ! -115 ! 7.90 !

The example of one more group of 3 younger clusters is presented in
Table 3.

Table 3. Space characteristics and ages-ycung triple
system in Ferseus ccmplex.

I Object ! X,pc ! Y,pc ! Z,pc ! Igt !

! NGC581 ! 1403 ! 1803 ! -93 ! 7.23 !
! NGC654 ! 1450 ! 1783 1-27 ! 7.10 !
’ NGC663 ’
i----------------

1450 ’ 1740 ! -40 ! 7.17 !
1----------- 1________ 1

As the application of the results of our prcyrassa operation we 
present the derivation. of peried-luminosity relation tero point frer. 
the data cn Cepheids-members of galactic clusters. The Üst of 
Cepheids used consists of 13 stars from 11 clusters. Usü.? the slope 
of relation determined by Coldweíl and Coülscn (1955; fór ügelünic 
Clouds, we found the relation

Mv = -2.78.IgP - 1.46 (±0.06) (3)

The cci;.plete version of the catalogue of open clusters daracte— 
ristics, provided by the programé, will be published later.
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METALLICIT.Y OF OPEN STAR CLUSTERS
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ABSTRACT.’ The noteworthy deviations and differences given 
in the individual values of the metál abundance of open 
clustera were studied. It could be shown that the metál 
abundance of open clusters, which are situated in or near 
the galactic pláne (IZíá 0.3 Kpc) are nőt only correlated 
with the galactocentric distance (R(GC)) bút alsó with the 
galactic longitude 1 of the clusters. This correlation is 
nőt given in the open clusters of highiZl-distances. There, 
the metál abundance is connected as well with the galacto
centric radius (R(GC)) as with the distances of the objects 
from the galactic pláne.

INTRODUCTIOK

This report will be about the metál abundance in open 
clusters and its correlations to the position of these 
objects in our Galaxy. Pirst findings derived from data 
of 60 open clusters have been published in 1986.

Meanwhile values of metallicity are known of 87 clu
sters. Ámorig them are those given by JAhisS (1979), which 
were obtained with different methods, and those given by 
CAMEROTT (1985), which were found by means of the ultra
violet excess of open clusters. Here, other than in my 
former paper, the new solar distance to the galactic 
centre, d = 8.5 Kpc, is taken intő consideration.

MATÉRIA! AW METHODS

The metál abundance of an open cluster is generally given 
by the logarithmic ratio of Perrum to Hydrogen relatíve 
to that of the sun,

(Pe/H) « log^/N^d - lóg (NPeAH)e (D.

JAHES in 1979, was the first to show on the hasis of 41 
open clusters that there exists an abundance gradient with
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the galactocentric radius, R(GC).' The value of this gra
dient is given with

d(Fe/H)/d R(GC) = -0.05 ± 0.01 Kpc“1 (2),

and shows that the metál abundance in open clusters decres- 
ses with increasing distance from the galactic centre.

On the basis of 87 clusters the correlation between 
the metál abundance (Fe/H) and the galactocentric radii 
is shown in Figure 1, where clusters with distances JZp 
0.3 Kpc from the galactic pláne are marked with circles. 
The observations of CAMEROK are marked with big dots, 
while the others represent metál abundances published by 
several other authors and are gathered in the catalogue 
of LYUGA. These observations are reduced to the system of 
CAMEROE by the equation

Fig, 1 The abundance gradient with the 
galactocentric radius

The crosses drawn in are mean values of all observations. 
At the solar distance the mean value of its vicinity, 
(Fe/H) = -0.04, is given. The straight line represents the 
mean correlation, which is given by

(Fe/H)R(GC) = -0.163 ,R(GC) + 1.316 (4).

It is worth mentioning, in this connection, that -0.163 is 
the mean value of the gradient d(Fe/H)/d R(GC) between 
R(GC) a 6.’5 Kpc and R(GC) » 9,5 Kpc, which is smaller than 
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the mean taken over 9.5 Kpc< R(GC)< 13.5 Kpc.’ From equa- 
tion 4 results a metál abundance of the solar vicinity of 
(Fe/H) = -0.07, which is a little smaller than the obser
ved value of (Fe/H) = -0.04.

RESULTS AHD DISCUSSIOK

From Figure 1 it can alsó be seen that the individual me
tál abundances show noteworthy deviations.’ This is true 
fór the open clusters at large as well as small distances 
from the galactic pláne.

The suspicion is obvious that there are still other 
parameters which influence the individual metál abundan
ces .

In 1986 I could show that the galactocentric dis
tance dependence of the metál abundance is still superim- 
posed oy two other correlations, which belong to tne two 
different groups of open clusters, to those at small dis— 
tances írom the galactic pláne (IZIS 0.3 Kpc) and to those 
at larger distances (| Zl^0.3 Kpc).

0.4-

12 
0.0

-0.2
-04-
-06
-08

Fig. 2 Correlation between the diíferences 
△ (Fe/H) and the galactic longitudes

From the group of lower pláne distances a correla- 
tion between the metál abundance and the galactic longi- 
tude was found. In Figure 2 the dlfferences

A (Fe/H) » (Fe/H}Qba - (Fe/H;R(GC)

between the observed metál abundance and those obtained 
b the ?aiactocentric distance correlation corresponding 
to equation 4 are plotted against the galactic longitudes 
of the open clusters. From the diagram can be seen that 
the distribution of the △(Fe/H) - values is nőt homogenous, 



- 42 -

bút arranged in a double wave, Maxima of that distribu- _ 
tion are situated at 1 = 45° and 1 = 235°, while the mim- 
ma can be seen at 1 = 135° and 1 = 315°. The mean corre- 
lation drawn in Figure 2 is given by the equation

△ (Fe/H) = 0.20 sin 2 1 - 0.07 (5).

The double wave distribution of the differences A(Fe/H) 
can alsó be seen in Figure 3, where all observations are 
reduced to a common maximum at 1 = 45 • In Figura 2 as well 
as in Figure 3 the differences ú(Fe/H) derived from obser
vations given by GAMEROJT are marked with big dots. oompar- 
ing tM* with the results obtained in 1986, we can state 
that the representation of the longitude correlation is 
better on the basis of 87 clusters.

Fig. 3 The △(Fe/H)-values reduced to the 
common maximum at 1 = 45°

The longitude correlation of the metál abundance can 
be explained by the fact that the correlation with the ga- 
lactocentric distances is an "orientated" narameter m the 
sense that it itself is a function of fUGC). The exact ex- 
planation of this statement I nave given in my publica- 
tion of 1986. Besides, we know similar relations from the 
radial velocities and the proper motions, which made it 
possible to explain the rotation of our Galaxy.

Annther explanation of the metál abundance longitude 
correlation can be excluded because according to FERKEE 
(1968) the absorption coefficient of different regions in 
our Galaxy goes with a single sine function like

= 0.’90 + 0.28 sin (1 + 49°) mag Kpc" ! (6).



- 43 -

An to the ítroup of open clusters with.high distances 
iich^diffeienVfrcm the^ongitude^ep endence. In this 

can be characterized by

△ (Fe/H) - -1.5 |Z|+ 0.85 (7).

This correlation shows ^t the *et^^^^

0.3 Kpc) can be described by
(Se/H) - -O.’163 MSW + 0.2° sin 2 1 + 1.246 tó) 

and thai of the group with high distances (IZI- > 0.3 Kpc) 

by the correlation
(Fe/H) = -0.M63 R(GC) - 1.5W + 2-166 (9).

The calculated values of g^drawn against the ob-
served There one can see that both of
the series are in agreement.
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CONCLUSIOE £ /
In conclusion we can stress that the remarkable deviations 
and differences in the individual values of metál abundan- 
ce of open clusters are nőt only correlated with the ga- 
lactocentric distance bút alsó with the galactic longitude 
fór the group of clusters situated near or in the galactic 
pláne or with the distance from the galactic pláne fór 
clusters with high | Z|-distances.
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ELECTROPHOTOMETRIC OBSERVATIONS OF TRAPEZIUM TYPE 
MULTIPLE STARS IN uvbyf SYSTEM

G. N. Salukvadze, G.Sh. DzhavakhishviU 
Astrophysical Observatory, 
383762 Abastumani, Georgia, USSR

Soon after the discovery of stellar association numbers 
of multiple stars were observed in tnem.Table I lists the 
results of a special investigation of the relation of.Tra- 
Pezium type multide stars to associations and galactic 
clusters [1} .

TABLE I.Spectral Type Distribution of Trapezium Type 
Multiple Systems Entenng üssocratrons and 
Clusters

Spectr. 
eláss

Numb.of reál 
trapezia

Numb.of 
entering 
assoc. c

trap 

lus.

. Percent of trap. 
entering___ 
assoc. clus.

0-B2 34 27 21 79 62

B3-B5+B 17 12 6 75 35

B8-B9 14 8 2 57 14

Unknown
speetrum 99 32 10 32 10

Consideration of the first line of the Table.shows that oSt of a ?otal number of trapeai^the primary 
stap of moh are O-^'^Su^M^oo^^ir 
sociations and 62^ - to gaiax^'- tn theqp +wnis clear that certain part of trapézra beleng to these two 
iypes of objects simultaneously.

Examination Or the ornei ju. qngctral elásstrapezia with their I meSurable num-
™ őf SaőSTa” KŐglŐg tXsociationa and the quantity 
of thŐsŐ ŐŐC őnterinf the clusters decreased very much.

üasters ml Assoaatias~
^1- Astron. Dep. Botom Ufíiv.

b-10, Btüspest (1990)
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Table II lists the results of the Trapezium type multiple 
stars search in 13 associations [2,31 •

TABLE II. Number of Trapezia Entering Selected 
T-Associations

Name of Number of Name of Number of
associations trapezia association trapezia

Őri T1 9 Tau T3 8
Őri T2 54 Tau T4 2
Őri T3 16 Aur T1 2
Őri T4 14 Cep T2 1
Tau T1 4 Oph T1 2
Tau T2 1 Sco T1 7

Though it was established long ago that Trapezium 
type stellar systems are the objects of great interest in 
our Galaxy,there exist scarce observational data on these 
systems from the standpoint of dynamics as well as stellar 
evolution.At present there are very little dara on the co- 
lors and spectral classes of the trapezia stars.

Only two papers of the Mexican scientists [4,5J ,who 
study the Trapezia purposefully deal with the results of 
UBVRI fór stars making 68 Trapezium type systems from V.A. 
Ambartsumian's list [6] .

Lately X.Abt [7j ,with the 2.1 m telescope of the 
National Observatory at Kitt Beák,performed spectral ob - 
servations of 120 stars forming 31 trapezia from an unpub- 
lished list of S.Allén et al.

Paper [8] deals with the results of photoelectric 
measurements of the components of 20 young multiple sys
tems. Among them there are five trapezia from Ambartsu
mian' s Catalogue [9] .

Individual éstimations of magnitudes and spectral 
classes of the trapezia components,mainly of the primary 
stars,are scattered in references and therefore it is dif- 
ficult to use them.Évidently such a situation will be chan- 
ged in the near future.In 1987 at Belgium Colloquium,devo- 
ted to wide double and multiple stars,E.Obiak reported on 
his compilation of a photometric catalogue of double and 
multiple systems.The catalogue will contain the results of 
photometric observations of 11713 stellar system components 
in UBV, UVBy and the Geneva photometric éys^ms [101 .
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The present work aims at' repomng of tne first re— 
sults of photoelectric observations.of tne components 
of Trapezium type multiple systems in uvby p . The co
lon indices (b-y), m. , c. and p were estimated in or
der the spectral claéses to have been establisned,.the ab 
solute magnitudes, effective temperabures,and gravity on 
the stellar surface to have been estimated.

01Trapezium type multipli syétems were picked 
the Catalogue by Salukvadze [9j . 41 34ars formin 
following systems of AAC^ were observed: 2, .
313, 316, 348, 356, 359, 363, 387, 396.^ne lc-c: 
matically computer controlled mirror teiescope eq 
with a one-channel photometer oased on pnouon cou 
with 10" and 20" diaphragms was used. The exposur 
was changed depending on the stellar wi-h^bhe in.e.
val of 10-80 sec. At each night we tned to periorm mre 
observational cycles. Each cycle involved,an observation 
of the comnarison star, a background near the,sbar, all 
components of the system, again the bacigrouna and bhe

per

comparison star. , ,,
The telescope is described m tne paper [_11j. iné 

light-filters used and reduction oi the instrum.entaipn.o- 
tometric system to a standard one is described m t-e pa

The comparison stars are selected orom the paper [l 3j .
Altoaether 425 cycles were luiiilled,_or -1 stars.
The observations were treated accordxng jO the prog- 

composed at the computer bureau oi the observatory.
The procedúra of obtaining the unwidened i-ndices 

astrophysical parameters is tnoroughly descr^ced m 

ram

and. 
the paAfter ti; spectral intervals have been determined 
(Table III)'it was found that out oi 41 components oi the 
observed trapezia, 30 ones are oi -^"4^ ( ,1 rospectral classes), 8 objects - of Aí^spectral type U4-GC 
spectral classes) and the rest - of laté K-M öpectaal
classe ^inal results of the determination of absolute 

'.effective temperatures, gravitational forces 
are given in Table III•
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TABLE III.Results of Photometric Spectral Types Determined 
fór the Trapezia Components,Absolute Magnitudes, 
Effective Temperatures and Gravitational Perces

AAO
Numb.

Compo- 
nent

Spectrs. 
Interv. V lóg 

xeff
lóg g [Pe/H]

2 A B -3.92 4.49 4.37
B B -1.17 4.30 4.12 —
0 B 0.00 4.12 3.62 —
D AF 3.70 3.89 — _

34 A B -4.82 4.48 — —
D B -2.08 4.37 — —
C B -2.04 4.37 — —

48 A B -4.02 4.48 4.48 *
B B -0.74 4.33 4.45 —
C B -0.69 4.12 4.04 —

51 A B -2.83 4.48 4.60 —
B B -4.44 4.43 3.88 —.
D 3 -0.49 4.22 3.92 —
E B -0.10 4.14 3.64 —

313 AB B — 4.45 3.53 —
C B -3.26 4.40 A.01 —
D B -2.18 4.20 3.22 —

316 B B -1.85 4.31 3.69 —
D B -4.02 4.39 3.76 —
E B -1.85 4.29 3.81 —
F B -6.31 4.46 3.54 —

348 A B — 4.43 —
B AB -3.17 4.07 3.90
C AF 5.72 4.26 2.85 0.17

356 A B — 4.36 —
B AF 5.39 4.25 3.78 -0.07
0 K-M — — —

359 A B — 4.47 2.77 —
B AF 3.40 3.81 3.18 —
0 K-M — — — _

363 A B -4.94 4.52 4.43
D B -2.83 4.47 4.52 —
C B -2.83 4.45 4.44 —

387 A B -3.82 4.37 3.71 —
B B -1.12 4.32 4.26 —
C AF — — 3.11 —

396 A B -2.75 4.33 3.78 —
B AF 3.99 4.13 3.75 —
C AF 3.35 4.16 3.30 -0.03

Besides the above-mentioned trapezia the observatio- 
nal data were collected fór 13 trapezia with their prima- 
ries of 0-32 spectral classes and the treatment is under 
way. The trapezia with their primary stars of M eláss were 
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observed as well* Tlie results and discussion <vill oe pub- 
lighed in the nearest future.

May, 1989.
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ON THE BRIGIN OF THE UV CETI TYPE STARS

L.V. Mirzoyan
Byurakan Astrophysical Observatory
Armenia
USSR

ABSTRACT. Observational data on flare stars in star clusters and asso 
ciations of various ages and on UV Ceti stars of solar vicmity confirm

- All of them have the same physical natúré and constitute one 
common eláss of objects possessing flare activity, the UV Ceti 
stars being very old. . ■

- UV Ceti stars were formed in stellar systems (associations and 
clusters) which disintegrated long ago. . , ,

- UV Ceti stars represent a population of generál galactic field.
- The totál number of UV Ceti stars in the Galaxy is of the order 

of 2xl010.

At present there is no doubt that star formation in our Galaxy is going 
on continuously already billions of years. The stars are formed in stel
lar associations (physical systems of very young stars of a new type). 
They are now expanding and will disintegrate in a relatively short time 
of the order of only 107 years. This new conception of stellar evolution 
has been developed by Ambartsumian after his discovery of stellar asso

ciations (see, fór example, /l—4/).
What is the origin of the UV Ceti type stars in frames of this 

conception?
The problem is whether the System (systems) where the UV Ceti stars 

were formed still exists or nőt. There are two points of view on this 

problem.
According to the first point of view seggested by Ambartsumian /5/ 

the UV Ceti stars constitute a physical system around the sun. It means 
that all UV Ceti stars are members of the existing stellar system (clus

’Sar űusters aif üssuwtias"

Astron. Osp. Botovos Mv. 
^■10, Budspst (1990) 
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tér) in the solar vicinity. This point of view was developed further by 
Oskanian /G/, Haro and Chavira /7/, Arakelian /8/ and Garibjanian /?/ 
who have brought somé evidences supporting it.

The opposite point of view on this problem has been expressed by 
Herbig /10/ who considered that the UV Ceti stars of the solar vicinity 
were formed in Systems which were already disintegrated. Herbig's ex- 
planation allowed to assume that the UV Ceti stars belonged to the popu- 
lation of generál galactic field.

The statistical study of flare stars /11-13/ carried out at Byura- 
kan has shown that present observational data on the flare stars in star 
clusters and associations and in the solar vicinity are in better agree- 
ment with Herbig's point of view.

Really, the existing data show that flare stars in star clusters 
and associations of various ages and UV Ceti stars in the solar vicinity 
are of the same physical natúré and constitute one common eláss of ob
jects showing flare activity. All differences observed between them can 
be explained by differences in their ages, the UV Ceti stars being very 
old /ll/.

The UV Ceti stars of the solar vicinity have very low luminosities. 
Owing to low luminosities these flare stars kept the flare activity.

This important observational fact has its natural interpretation. 
In spite of the generál idea that the evolutionary stage of flare ac
tivity is one of the early stages in the evolution of red dwarf stars 
(see, fór example, /14/) stars of low enough luminosities can stay in 
this stage hundreds of millions and more years (see, fór example /15/). 
This is a consequence of the well-known relation between stellar mass 
(or indirectly luminosity) and evolutionary rate.

At last, the observational data on UV Ceti stars are in agreement 
with the assumption that their space distribution is practically uniform 
in the solar vicinity lYil. It is likely that the distribution is uni
form in the whole Galaxy as well. This can be understood assuming that 
the UV Ceti stars were formed in stellar systems (associations and clus
ters) which disintegrated long ago. The UV Ceti stars survived their 
parent systems due to very low luminosities.
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Thus, there are enough grounds to assume that the UV Ceti type 
flare stars represent a popuiation of generál galactic field and that 
their space distribution in the Galaxy is approximately uniform. In 
this case the estimated totál number of UV Ceti stars in the Galaxy is 
about 2xl010 /13/.

The detailed consideration of the above-mentioned problem was 
given in papers /11-13/.
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THE USE OF CCD DETECTORS IN H-ALPHA EMISSION STUDIES OF FLARE STARS

Gábor Szécsényi-Nagy
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ABSTRACT. Photoelectric and photographic U8V photometry of solar neigh- 
bourhood and cluster member flare stars yielded a large amount of data 
about the apparent brightness and colour of these objects. In many cases 
it was possible to determine the absolute brightness as well and the 
Position of the star on the HRD could be marked. It was found that points 
representing laté type flare stars are nőt arranged along the main se- 
quence bút preferably scatter in a wide brightness rangé when they are 
plotted against their (B-V) colour index or their spectral type if the 
latter is available. This large scatter can nőt be caused by classifi
cation or measuring errors. It just reflects true brightness difxerences 
of dwarf stars of the same spectral subclasses. In order to have a ber- 
ter knowledge of these objects and that phenomenon a new physical para
méter should be introduced intő the method of classification.

As the majority - if nőt all - of the laté type (dM) flare stars 
are emission-line (dMe) objects, hydrogen Balmer emission seems to be 
suitable to characterize these stars. The red H-alpha line is the most 
Prominent of the Balmer series bút photographic methods are nőt sensi- 
tive enough at its wavelength-range to record the necessary number of 
Photons of these intrinsically faint and mostly distant sources. Up-co- 
date solid State photon detectors are much more sensitive in the 6D0- 
700 nm bánd and can offer ideál solution to this problem. The use oi 
charge coupled devices (CCDs) is suggested.

The method described in the paper is based on CCD-photometry ot 
The flare stars through two different colour filters. One ot these is 
a narrow-band (practically monochromatic) filter transparent only in 
the H-alpha line while the other has a considerably wider passband. 
Brightness measurements of the program stars are done ug 
the filters and the results are compared. The paraméter defined as the 
ratio of the two intensity measurements seems to be useful when the 
studies are aimed at discriminating between flare stars of the same 
colour bút of different intrinsic brightness. o+arc nf

The method was successfully tested by observing flare stars of 
somé subfields of the Pleiades region with a Photometrics CCD camera 
mounted on the 40 inch reflector of the Stockholm Observatory erected 
at Saltsjöbaden.

'2a- Clusters mi Associations"

Astron. Dep. Eötvös üniv. 
^■lO, Budapest (1^0)
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1. INTRODUCTION

During the fourth 'Star Clusters and Associations' symposium two papers 
were read which gave at least an impression of the position of flare- 
active red dwarf stars in the HRO. Figure 1. of Parsamian's contribu- 
tion (Parsamian 1986) clearly demonstrates that flare stars discovered 
in the Eta Tauri fields and especially those which belong to the nearby 
Pleiades cluster are nőt restricted to a narrow bánd of the mv - spec
tral type diagram of these objects. Hottest members ofthis group can 
be found in the K2-K6 spectral rangé where the bánd is about 1-1.5 mag. 
wide. Bút the majority of the flare stars discovered in the M45 region 
have lower surface temperatures and later - mainly M - spectral types. 
In this rangé of the diagram dots representing active red dwarf stars 
are spread over a much broader area. Faintest and brightest memoers of 
the same spectral subclasses may differ 3.5-4.5 mag. in their visual 
brightness. In magnitudes the patch occupied by flare stars is the most 
extended from MO to M3 bút later decimai classes are probably underrep- 
resented because their absolute weakness.

These results agree perfectly with the fact found decades earlier 
by Ahmed et al. (1965) and by Chavushian and Gharibjanian (1975) that 
flare stars of the Pleiades can be found both above and below the MS.

The other HRO of that volume (Figure 2. of Szécsényi-flagy 1986a) 
shows an absolute visual magnitude - spectral type plot of stars of the 
solar neighbourhood. It contains the reddest objects from MO to M6.5 
and both flare-active and quiet stars are represented in the diagram.

Although this plot is nőt limited to flare stars the main se- 
quence defined by red dwarfs of the solar vicinity (which have more pre- 
cise distance data than those of M45) is broadened too. In this case 
magnitude differences of stars of the same spectral subclasses rangé 
from 1.5 to 2.5 mag. without any explicit dependence upon spectral type. 
Unfortunately the M5-M6.5 rangé is so much underpopulated that no de- 
finitive conclusion can be drawn from that part of the graph.

In the same paper the author tried to define the lower main se- 
quence of stars in the K0-M6.5 spectral rangé. This job had been done 
more or less successfully bút at the cost of compromise only. The
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adopted mean absolute visual magnitudes of dMO-dMŐ.5 stars differ 0.1- 
0.4 mag. from values given by others in both directions (Szécsényi-Nagy 
1986a and references cited therein). This alsó indicates that the scat- 
ter of absolute brightness values of red dwarfs is a physical phenomenon 
and can nőt be explained as the consequence of inaccuracies of photomet- 
ric measurements. Therefore it is a justified ólaim to search fór a new 
physical paraméter which could contribute to the termination of this de- 
generacy.

2. H-ALPHA EMISSION IN SPECTRA OF FLARE STARS

2.1. H-alpha Emission in Minimum Light

H-alpha emission is a common feature of laté type dwarf stars (Joy and 
Abt 1974). Amongst solar neighbourhood dM stars at least 60% and very 
likely 80% are dMe objects (Szécsényi-Nagy 1990a). It is practically im— 
possible to determine whether any of these objects are stable or all of 
them are active since defined limits of variability always rely on the 
available measuring techniques. Fór the moment it seems highly probable 
that each dMe star is able to produce more or less powerful outbursts. 
Of course to discover these phenomena and identify their sources as 
flare stars the amount of observing time allocated to flare patrol pro- 
grams should be multiplied which is hardly to be expected.

Fór these reasons it is useless to divide these objects artifici- 
ally and study them as members of independent subclasses. To start with 
consider all the dM stars of the solar vicinity which were marked in 
the above-mentioned Figure 2. By good fortune normál (absorption) and 
hydrogen Balmer-emission dwarfs were plotted by different symbols and 
can easily be discerned. This distribution chart suggests that irrespec- 
tive of their possible flares the absolute majority of stars later than 
M2 and very likely all of those later than M4.5-M5 are hydrogen emission 
line stars. This means that they alsó emit H-alpha photons continuously. 
The absolute visual brightnesses of these stars may differ too raising 
the question of the possible existence of a luminosity - H-alpha-emiss- 

ivity relation.
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2.2. Intensity Variations of the H-alpha Line in Spectra of Flare Stars

It is well known from spectral investigation of solar vicinity flare 
stars that emission Balmer-lines (which are probably the most sensitive 
flare indicators) are often enhanced over their quiescent values already 
at the onset of a flare. This usually happens before the flare continuum 
begins to rise in the outburst. Then the continuum flux will be domi- 
nating the spectrum and the emission lines will become practically un- 
observable fór minutes or more. With the fading of the continuum line 
emission goes from strength to strength and reaches its maximum flux 
definitely after the peak of the continuous radiation. Somé other import- 
ant emission lines like those of Gall, MglI and Hel show similar behav- 
iour bút are delayed compared to the Balmer-lines (Pettersen 1989).

Evidently the dM stars show the most dramatic line-intensity changes 
as their normál absorption features have to turn intő emission. Regret- 
tably enough only the short term variations of spectral characteristics 
of flare stars have been extensively investigated up to now althoughsig- 
nificant long term (or solar-like) activity changes were reported on one 
Hyades and more Pleiades member stars too (Szécsényi-Nagy .1986b and 19891.

On the basis of all these a much more detailed analysis of the time- 
dependence of H-alpha emissivity of these objects seems to be a program 
of great promise. Unfortunately the methods used to collect the necess- 
ary spectral Information are nőt able to provide meticulously comparable 
data because the most preferred photographic spectroscopy can be stan
dardized to a cetrain extent only. This immediately brings up the impera- 
tive need fór a more strictly defined and hopefully more sensitive spec- 
trophotometric technique which - I think - has to be based on solid-state 
light detectors.

3. A COMPARISON 8ETWEEN PHOTOGRAPHIC AND CCO-PHOTOMETRY

3.1. Fundamentals

Photometric and spectroscopic observations have necessarily been based
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□n photographic techniques fór decades. As these Chemical processes of- 
fered the very first opportunity to objectively record astronomical 
events in the last century they have been extensively used in optical 
observatories since then. Consequently all astronomers are supposed to 
be more or less familiar with astrophotography and it is nőt needed here 
to give a detailed description of its methods.

Quite the contrary the use of solid-state devices in astrophysical 
research is a reál novelty in COMECON countries. Fór that reason a genu- 
ine comparison of these two techniques requires the brief presentation 

of the latter.
Solid-state photon detectors are usually fabricated of semiconduc- 

tor materials. From an astronomer's point of view we can classify these 
devices intő two groups. Somé of them are only able to detect the collec- 
tive effect of the photons reaching the sensitive area of the device and 
give an integrated signal which is proportional to the apparent bright- 
ness of a cosmic object (a star, a galaxy or a plánét) e.g. These devices 
can nőt be used fór imaging purposes because they have exactly one light- 
sensor which defines one picture element (pixel) only. In order to ré
céivé one- or two-dimensional ’images' of any light source an arrangement 
of the formecs is the most suitable. Fór spectroscopic studies e.g. lin- 
ear arrays of tiny light detectors (photodiodes) are used and spectra of 
cosmic sources are projected in a way that photons of neighbouring sec- 
tions of the spectra fali on adjacent pixels. In order to simultaneously 
record the spectrum of the night sky too the receiver can be built out of 
two identical arrays or a twin array which is alsó offered by manufac- 
turers of photoelectric detectors. The most ’flexible' of these solid- 
state devices are able to collect and deliver spatial Information too 
and can directly be compared with photographic materials. Of these two- 
dimensional semiconductor light detectors astronomers have a preference 
fór Charge Coupled Devices (CCDs) - tiny Silicon chips containing 10 -10 
independent pixels arranged in a mátrix. CCDs and photographic plates are 
in many respect very Hke and it is straightforward to compare their most 

characteristic features.
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3.2. Spectral Sensitivity and Quantum Efficiency

3.2.1. Spectral Sensitivities of Photographic Emulsions

The photographic sensitivity of any emulsion is defined as the recipro- 
cal of the exposure required to produce a fixed response. It shows a 
definite dependence on the wavelength of illuminating radiation (Fig.l.) 
The natural sensitivity of the photographic emulsion is to blue and ul- 
traviolet light (curve A) bút it can be extended towards .the red by the 
addition of dye sensitizers (B and C) as Mees suggested in 1912 (Miller 
1987).

Figure 1. Typical spectral sensitivity curves of three different photo
graphic emulsions. Curve A demonstrates the ultraviolet-blue sensitivity 
of unsensitized emulsions. The spectral sensitivity of a panchromatic 
matériái is given by curve 8 and that of a specially extended red-sensi- 
tive emulsion by C.

These curves illustrate clearly that the color-sensitizing dyes necess- 
arily reduce sensitivity to photons of the shorter wavelength ranges 
while extend the sensitivity of the emulsion to longer wavelengths.

Nevertheless there are somé astronomical emulsions which have maxi
mum sensitivity to yellow, orange or red lights. Eastman Kodak Co. e.g. 
has developed a wide variety of photographic materials fór specialized 
applications and recommends the use of E, F and TP 2145 emulsions in 
recording H-alpha light. These plates and films have extended-red sen
sitivity and have been successfully used in survey programs as well as 
in more detailed studies concentrated upon individual H-alpha emission 
objects. x
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3.2.2. Spectral Sensitivities of CCOs

The spectral response of semiconductor devices made of Silicon is just 
the opposite. These detectors are absolutely unsensitive to ultraviolet 
photons and have very low sensitivity to photons of the violet and blue 
spectral ranges (Fig.2.). However in return fór that they are extremely 
sensitive to orange and red lights and are able to detect infrared pho
tons too. The three panels of Fig.2. show detailed spectral sensitivity 
curves of different CCDs offered by various manufacturers (Thomson CSF, 
Eastman Kodak and Photometrics Ltd. respectively). These graphs clearly 
demonstrate that CCDs of all makes have their peak sensitivity somewhere 
in the 600-700 nm rangé thus offering an almost perfect solution to our 
problem of measuring the H-alpha emissivity of red dwarfs near to the 
656.28 nm laboratory wavelength of this Balmer-line.

Likewise the spectral sensitivity of photographic emulsions that of 
Silicon photodetectors can be extended too. Bút in this case the exten- 
sion must be connected to the violet wing of the sensitivity rangé in 
order to make these devices usable in the astrophysically very interest- 
ing ultraviolet bánd as well. Curve C of Fig.2. demonstrates the effect 
of a special sensitizing layer patented under the name METACHROME II by 
Photometrics Ltd. (compare the two branches - coated and uncoated 
of the curve between 250 nm and 450 nm).

3.2.3. Comparison of the Quantum Efficiencies

The quantum efficiency (QE) of photoelectric or photoelectronic detectors 
is usually defined as the ratio of the number of electrons produced by 
Photoelectric processes to the number of photons absorbed by the detector 
during the measurement. It is customarily to express the QE as a percen- 
tage. Sometimes it is called absolute quantum efficiency (AQE) in order 
to be distinguishable from an other important quantity, the detective 
quantum efficiency which is often used too in characterizing the effi
ciency of a device in detecting photons.

The detective quantum efficiency (DQE) is most generally used to
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Figure 2. Typical CCD quantum efficiency versus wavelength curves
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give Information about a complete measuring systetn (e.g. the detector, 
the amplifier and the counter etc.) because it takes intő account any 
loss of detected photons and the quantum efficiency of each component of 
the complex device. Consequently the DQE of a single stage loss-free 
System is the same as its QE. The DQE of a detector can alsó be expressed 
in terms of the signal-to-noise (S/N) characteristics of the output sig- 
nals and that of the input ones as the ratio:

00E • <S/N>=ut / <S/<

Most often it is expressed as a percentage too and will never exceed 
100%. Because of this flexible definition DQE is very useful in comparing 
different types of light-detectors.

Bút let us compare first the QE of photographic emulsions and that 
of CCDs. This comparison is to inform us about the relative 'speed' of 
the twoo detectors. To determine the QE of somé typical CCDs it is enough 
to have a look at the plots of Fig.2. Although it is well known that QE 
varies from CCD to CCD - sometimes from pixel to pixel too - and from lót 
to lót these curves published by.manufacturers may convince us of the 
reasonably high (25-50 %) QE of ^ese devices in the yellow-infrared 
spectral rangé. (In this respect Kodak's full-frame imager with its 60% 
AQE at the wavelength of H-alpha /curve B/ is the most promising.)

It is much more difficult to determine the QE of photographic emul
sions since the number of detected photons (or that of the liberated 
electrons) can nőt be measured. There are somé indirect methods to calcu- 
late the probable number of photons having caused the birth of develop- 
able silver grains and they seggest a QE inferior to 1% Nigert and Zim- 
mermann 1977). This peak efficiency is reached by the most sensitive 
emulsions and in the ultraviolet-blue rangé only. At the wavelength of 
the H-alpha line the QE of photographic materials is more than two orders 
of magnitude lower than that of CCDs. This can be demonstrated more spec- 
tacularly by comparing photographs of H-alpha clouds taken by telescopes 
with an exposure of an hour and CCD frames taken by the same telescopes 
and with an exposure of a minute or less. (It is a pity that this volume 
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of papers is nőt provided with an appendix of plates). The detecting 
speed of the best charge coupled devices incredibly surpasses the pho
tographic speed of the most sensitive astronomical emulsions.

Finally let us compare the detective quantum efficiencies of 
these two kinds of light-detectors. According to Eccles et al. (1983) 
even the best emulsions have a peak DQE of only 4%. This value repre- 
sents the awful degradation of the signal during the process of photo
graphic detection (c.f. the formula on the previous page). Furthermore 
emulsions having peak DQE of this order are considerably less sensi
tive and slower than those cited by Weigert and Zimmermann (ibid). Bút 
even this overestimated 4% shrinks intő insignificance beside the typi- 
cal DQE of CCDs which ranges between 40% and 60%.

Consequently both their high QE and definitely superior DQE argue 
in favour of using silicon-based charge coupled devices especially fór 
the photometric study of faint H-alpha sources.

3.3. Linearity and Uniformity

The photographic response of any emulsion is best characterized by the 
well known H&D (Hurter and Driffield or 'characteristic') curve of the 
matéria! which is nőt at all a straight line. Although it may have a 
linear section in most cases (especially when the program stars are 
red dwarfs) the exposure level does nőt reach that portion. The non- 
linearity of the curve in this region gives rise to persistent prob- 
lems in the photometric calibration of astronomical plates and often 
prevents us from collecting the necessary data of acceptable quality. 
In order to present a basis fór comparison the largeness of exposure 
corresponding to the linear section of H&D curves of astronomical 
emulsions is always inferior to 100 and rarely exceeds even 20.

Quite the contrary charge coupled devices like many other kinds 
of photoelectric detectors have a very extended linear response which 
starts immediately at the nőise level. This surprisingly wide rangé of 
linearity is usually called dynamic rangé and is defined as the ratio 
of full well capacity of the individual pixels to- the RMS readout nőise.
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The full well capacity of a picture element mainly depends on the ef 
fective volume of thé pixel and is proportional to its surface. It is 
given as the maximum number of electric charges that may be collected 
in a picture element. The CCD Selection Chart shown as Table 1. which 
informs us of the most important characteristics of somé widely used 
charge coupled devices demonstrates that typical full well capacity of 
these detectors' pixels ranges from 45000 to 700000 electrons. Other 
manufacturers who integrate the most sophisticated CCDs intő their cam 
eras report even higher saturation levels reaching 1000000 charges per 

image cell.
From these values and the typical RMS readout nőise which is - 

depending on the scanning frequency - between 7 and 25 charges per 
readout the dynamic rangé of the devices can be calculated. While.the 
dynamic rangé of CCDs is always superior to 10 and most typically 
equals 104 in somé special cases it can reach 10 (e.g. the Astromed 
CCD 2200, Astromed Limited, 1989) over which the device is perfectly 
linear. And what is more this dynamic rangé is offered in a smgle 

.. • híffprpnt exoosure times from milliseconds to many exposure. Using bitterem, expuo 
hours this rangé can be extended to 101 - 10 which oorresponds to 
the absolute illummance rangé írón 10'1 lux te 10 lux.

The eftectlve deteetion ol ultra 1™ Ught level 1-ges Is .ade 
possible by the use et hlgb perlorcance thsr~-electrlc cr Llquld Ni-

• • mn nnpratino temperatures of 190K and 105K. The trogen coolers giving CCD operaring
the„al dark cement has been .ecseted at about 0.01 eyents per second 
pet Pixel at the higher te.perature and was undetectable at the Icwer

■ ti that usinq the LN cooler there is no upperone. This practically means tnar usmy
limit to exposure time set by the dark current of the device.

Our last point is a brief comparison of the umformity of photo- 
. rrnc Althouoh the uniformity of spectral and graphic emulsions and CCDs. Aiwougn 7 .

■+• ■+„ nf aptronomical emulsions over the wide area of a overall sensitivity ot asrronui
photographic plate is often criticised the fact that repeated use o 
these detectors is absolutely impossible makes the settlement of the 

Photooraphic tests made in specially disputed question difficult. rn g p .
x • riomnnatrated that the sensitivity of good emul- equipped laboratones demonstr

Tdnm differs more than 1-2 per cent from the average on sions only seldom diirers iuulc
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scales of 10 cm bot these are nőt the same plates which we intend to 
őse to record the light of cosmic objects of course. Unfortunately 
there is no way to correct our astronomical images fór photographic 
non-uniformity simply because of the uniqueness of the whole photo

graphic procedure.
On the other hand pixel to pixel sensitivity variations (see 3.2.3) 

of CCDs are common and in somé cases reach incredibly high values. The 
most widely known examples are offered by the so called dead pixels and 
hot spots. The dead pixels have very low QE and reduced transfer effi- 
ciency too while hot spots are completely saturated pixels filled by 
thermally generated electrons even in effectively cooled devices. Bút 
these discrete pixel defects can be mapped and following well elabor- 
ated procedures their disturbing effects can be minimized or eliminated. 
These defects usually originate from manufacturing processes and most of 
the imperfect chips can be rejected during preselection of the detectors. 
In fact the most sophisticated CCD cameras practically never contain de- 
fected chips and their minor sensitivity variations are always correct- 

able.
The dimensional stablllty and rlgldlty of sclid-stete devices is 

practically the sa.e as that cl asttpn.lcal plates esd of course is 
much better than that et photographic films. Te su»arize the »ost in- 
portant results of our conparlson are the fellculng. CCDs are definite- 
ly more sensitlve tp H-alpha light than photographic enulslons, their 
DDE is at least 10 tl.es and their OE is at least 100 tl.es hlgher. CCOs 

. rannp and have absolutely linear response overhave much larger dynamic rangé anu nav ,
. uniformity is infsrior to ihat of astronomi-it. Although sometimes their uniiormny xs

+,+innai methods and reference frames taken after cal plates proper computational metnoas
.. „f nrnnram obiects make the necessary corrections or before the detection of program oujeuu

always possible.

3.4. Imaging Area and Resolution

,3

„ a +Vnical astronomical plate is in the The light sensitive area of a typicai.
103 mm2 - 105 mm2 rangé and the largest ones (used at Las Campanas 0b- 
servatory) are 500 mm by 500 mm sguares. In companson the area of solid- 
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State photon detectors only seldom exceeds 102 mm2 (Table 1.) The 

largest astronomical CCD is a 2048 by 2048 pixel chip made by Tektronix 
while those in regular őse at the best equipped observatories measure 
1024 by 1024 pixel. The record holder however is the 4096 by 4096 pixel 
device which has an imaging area somewhat greater than 103 mm2. This 

giant CCD developed by Ford Aerospace Corp. is currently the highest- 
resolution electronic imager made which needs about 700 seconds to be 
read out completeiy and produces nearly 32 megabytes of data per frame. 
Actually these huge images are too big to be displayed ás even the 
greatest CRT screens are unable to show larger area than the quarter of 
the new Ford Aerospace chip.

As a consequence of the significant differences between the dimen- 
sions of photographic plates and CCDs the formers are more suitable fór 
photometric or spectroscopic studies of objects of larger fields while 
the use of the latters is more advantageous when the cosmic sources to 
be investigated are densely condensed intő compact clusters or limited 
sky fields.

The resolutions offered by these two kinds of detectors do nőt dif
iét significantly. Of course first CCDs gave more rugged images than the 
best astronomical emulsions which are able to reach a resolution of 200 
line-pairs per mm. Bút the resolution of recently released CCDs is com- 
parable to that of the most sensitive astro-plates (about 75 line-pairs 
per mm).

Consequently it is obvious that the use of CCDs in detecting the 
orange/red radiation of faint cosmic sources especially of those which 
are condensed intő compact groupings is preferable to the use of photo
graphic materials.

4. THE METHOD

Let us summarize now the most important points of the new photometric 
method. It was introduced to help the detailed photometric classifica- 
tion of (more or less flare active) red dwarf stars. The goal of the 
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study is to characterize the H-alpha emissivity of these objects rela 
tive to their continuous light emission. In order to establish a really 
effective procedure only two new photometric passbands were defined. 8ne 
of them (the narrower) was set to involve as many H-alpha photons as 
possible while rejecting the majority of photons arriving in the neigh- 
bouring spectral regions. The other one was intended to check the mean 
level of the object's continuous radiation in the red region of the spec- 
trum. The idea of the measurements is to collect enough photons to reach 
a preselected S/N value and then determine the apparent intensity of the 
star's light in both spectral bands. Having récéived the intensity values 
+k , x „—x +hpir ratio is to characterize the H alphathey are to be compared and tneir rawu 
emissivity of the object.

A.l. Definition of the Photometric Bands

_ a. • rnrves of the system are definedThe shapes of the photometric response curves y
, . , „ +hp riptector (since the same deviceby the spectral sensitivity curve of the deredül
p u. . p 4.H írtnál bands) and the spectral transmissiondetects the photons in both spectral oanus, =.

far as the chip is concerned there was characteristics of the filters. As far as we c p
no problem of choice at all since the LN cooled Photometrics CCD camera 
used fór the preliminary test measurements wcorporates a scientific 
grade Tektronix device absolutely free from defects. This sert o c ip 
has a considerably smooth spectral response (see Fig. 3.) which elimin- 

to the fitting of narrow- and medium-bandates any difficulties related
color filters.

The selection
of the two passband filters is somewhat more compli-

intended to transmit all H-alpha photons
cated. The narrower filter is 

. cnprtral window. According to flare arriving in a practically symmetnc spectral «
„ ,iq7o) an H-alpha profile typical of a oMe star 

models of Cram and Mullan (1979;
• -f n 4 nm Assuminq a raasonabla ralativa can exceed a spectral width of 0.6 nm. Assumi y

’ the width of the spectral window defined
and

filters it

velocity limit of + 100 kms
by tbe narrower H-álpba filter be increaeed to about 1.04 » 
taking intő acoount the tbermal sensltlulty of tnterteraoce x

^inrlnw of 1.3 nm centered on the 656.3 nr
seems wise to choose a spectral w . .

+_ fínrl a filter which is satj.sxactory toH-alpha line. The next step is to find a nn
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these conditions. In the filter set of the above-mentioned CCD camera 
of the Stockholm Observatory the No. 6 narrow-band H-alpha filter was 
the best choice. Its Half Bánd Width (HBW) is 2.6 nm (i.e. it is twice 
as wide as the minimum width required) while its transmission values 
are given in Table 2.

TABLE 2. Spectral transmission of the No. 6 narrow-band 
H-alpha filter

Wavelength (nm) Transmission (%) Wavelength Transmission

652.0 0.2 657.0 52.3
652.5 0.5 657.5 45.0
653.0 1.0 658.0 19.6-
653.5 1.5 658.5 9.4
654.0 2.6 659.0 4.9
654.5 5.2 659.5 2.6
655.0 11.5 660.0 1.5
655.5 24.1 660.5 0.9
656.0 42.0 661.0 0.4
656.5 50.5 661.5 0.1

The other photometric bánd has to environ the narrower and if 
possible it has to be symmetrical. This means that the médium bánd fil
ter is to be centered on l^-alpha too. It must nőt be too wide because 
the spectral intensity distribution of a dM(e) star is rather fluc- 
tuating (see e.g. Fig.4.). At last the No. 5 filter of the set was se- 
lected. Its Central wavelength is 656.5 nm and differs only slightly 
from that of the narrow-band filter (656.6 nm). The HBW of the médium 
bánd filter is 11.4 nm while its transmission values are given in 
Table 3. The numerical data demonstrate that although the wings of the 
profilé of filter No. 5 are almost perfectly symmetric the core of the 
transmission curve is one-sided as the maximum value of the trans
mission is at the 654 nm wavelength mark. The totál transmittance of 
the médium bánd filter is 4.35 times as large as that of the narrow one.
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TABLE 3.
H-alpha

. Spectral transmission of the No. 5. médium bánd 
filter

Wavelencjth (nm) Transmission (%) Wavelength Transmission

644 0.1 658 59.0
646 0.6 660 . 58.7
648 3.1 662 37.2
650 17.6 664 11.3
652 34.8 666 2.8

654 60.1 668 0.7

656 59.9 670 0.2

4.2. Test Measurements

Preliminary test measurements were carried out during a short study trip 
of the author to the Stockholm University Observatory (SUO) in October 
1987. Fór the high northern geographical latitude of Saltsjöbaden (the 
actual site of the SUO is at 59°16') and its very low attitűdé above sea 
level (h=55 m) a target of high declination had to be chosen. As the an- 
Hcipated observing time was considerably limited by local weather condi- 
tions the choice of a relatively nearby star cluster was favoured. The 
young open cluster M 45 or the Pleiades (which contains many hundreds if 
nőt thousands of red dwarf stars - Szécsényi-Nagy 1990b) was high in the 
aky then and there. In order to collect enough light from these faint 
sources and achieve the best possible S/N ratio the camera had to be 
^ounted on a fást reflecting telescope. I would have chosen the Schmidt- 
camera of the Observatory because of its shorter focal length and larger 
field (and consequently having more dMe stars projected onto the CCD-chip) 

it was technically impossible to fix the Photometrics camera at the
Schmidt's focus. At last the test measurements were carried out with the 
Photometric system mounted on the 40" (102 cm) parabolic reflector. The 
CCD-camera was fixed at the prime focus of the instrument (f-500 cm) and 
recorded the images of approx^mately 8 by 10 arcmin fields. 8y tricky 
ohoices of the program fields an average of 2-3 flare stars per field 
Was attainable and a kind of calibration of the frames could alsó be done.
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This was the only way to collect enough data during the short clear hours 
of the four usable nights. In most cases the CCD was exposed to starlight 
from 400 to 1000 seconds. These long exposures, the stability and the ex- 
tremely low nőise level of the device due to the perfect LN-cooling re- 
sulted an RMS error inferior to 1% fór the brighter objects while fór the 
faintest bot measurable stars the error slightly exceeded the 2% level.

5. PRELIMINARY RESULTS

Insufficient observing time and abruptly changeable weather prevented us 
from collecting enough photometric data fór a really detailed and serious

igure 5. Absolute vlsual brlghtness verses red colour index plot fór 17 
nero-actixe dwarf stars of the Eta Taurl fleld,. M „as ealculated as- 
suning a dtstanoe modulus of 5?5 (ihat of the Plelades). Area, of the 
souares are proportlonal to the relatíve H-alpha emlsslvlt, of the stars 
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study of the H-alpha emissivity of flare-active red dwarf stars. Bot the 
results are promising and allow somé preliminary conclusions.

The apparent brightness of 17 flare stars of the Eta Tauri fields was 
determined in two red photometric bands namely in the narrow H-alpha (H^) 
and in the médium H-alpha (H^) bánd. Both of these are practically cen
tered on this hydrogen line. The measured brightness values of each star 
were compared and the intensity ratio was computed. As there was
no way to récéivé any kind of absolute calibration during the above obser- 
vational run these relatíve H-alpha emissivity parameters of the stars had 
to be analyzed. Although the investigation résülted various R^ values 
these might be classified intő three groups. Relatíve emissivity values of 
7 objects seemed to be similar and were spread in a narrow bánd around R.„, 
(an average which was chosen as an arbitrary reference level). Stars emit- 
ting stronger in H-alpha were less numerous in this sample. Only 4 red 
dwarfs produced significantly (practically by a factor of 2) higher R^ 
values, while 6 were definitely fainter than the reference mean. Members 
of these three groups can easily be distinguished on the colour-magnitude 
diagram shown as Figure 5. However the squares representing the observed 
dMe stars are nőt ordered intő perfect branches it seems highly probable 
that from flare stars of the same colour the stronger H-alpha emitters 
tend to be absolutely brighter in the visual rangé too.

Fór the importance of this relation in the explanation of the energy 
dudget of atmospheres of dMe stars this kind of studies have to be repeated 
in the Pleiades amidst better weather conditions and carried out in other 
sky fields rich in flare-active dMe stars too.

6- CONCLUSIONS

ide method developed to measure and characterize the H-alpha emissivity of 
^ed dwarf stars is ideally sülted fór doing that. The LN—cooled CCD—camera 
is sensitive enough at this very low light level and is a highly useful 
tool fór photometric measurements especially in the orange/red spectral 
range. The two filters defining the system seem to work better than those 
^ggested by Herbst and Layden (1987). Theirs have bandwidths of 3 and 15 

respectively being a bit too large. Having seen the tendency it is very 
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likely that the optimál HBWs of the filters are below 2 and 10 nm resp.
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AGE CALIBRATION FÓR OPEN STAR CLUSTERS ON THE BASIS OF 
INTEGRATED COLOURS AND MAGNITUDES

Béla A. Balázs
Roland Eötvös University, Department of Astronomy 
Budapest, Kun Béla tér 2.
H-1083 
Hungary

ABSTRACT. Making use of the age dependence of integrated colours and 
luminosities of open clusters a new "age index" is defined. Ages based 
on this index turn out to be in good agreement with the customary 
turn-off point ages and the new method is applicable even in those 
cases when only an integrated two-colour photometry is possible or 
available.

Integrated colours and luminosities of star clusters; are of out- 
standing importance in a number of astronomical investigations. (See 
e.g. Gray, 1965; Piskunov, 1974; Searle át al., 1980; Barbaro, 1981; 
Sagar at al., 1983; Chiosi at al., 1986; Baev and Spassova, 1986; 
Balázs, 1986; Chiosi at al., 1988.)

The age dependence of the integrated magnitudes and colours of 
open clusters was discussed by Gray as long ago as 1965 and later 
primarily by Searle at al. (1980), Barkhatova and Pylskaya (1983), 
Sagar and co-workers (1983), Elsőn and Fali (1985), Chiosi at al. 
(1986) and Balázs (1986).

Searle, Wilkinson and Banguolo (1980) have classified the rich 
clusters in the Magellanic Clouds intő seven types on the basis of 
two reddening free parameters derived from integrated ugvr four-col- 
our photometry. The SWB types form a one-dimensional sequence, which 
the authors interpret in terms of increasing age and decreasing metál 
abundance . An essentially.equivalent sequence appeares in a plot of 
U-8 against B-V intrinsic colours (Frenk and Fali, 1982).

Elsőn and Fali (1985) presented a more finely partitioned c?li-

72a- CIisbs ani AssodatiaB"

Astron. Dep. Bxvas Univ.
*>■10, Budapest (1990) 
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bration of the SWB sequence using a larger number of LMC and SMC clus
ters and new age determinetions. They have drawn a smooth middle line 
along the sequence of LMC clusters in the two-colour diagram and have 
divided the section intő 51 intervals of equal length and have assig- 
ned a value of s to each cluster by projecting it normally onto the 
curve. The age calibration of s was made using clusters with known ages.

Chiosi and co-workers (1986) re-calibrated the age sequence using 
növel isochrones from models with convective overshooting and got the 
following relation:

IgY = 0.062 s + 6.99 . (D
Fig. I presents you the summary in the (B-V)q versus lg age pláne 
showing theoretical curves by Chiosi at al. based on synthetic HR 
diagrams and integrated colours of model star clusters with two dif
ferent metallicity.

Unfortunately a large spread in the integrated colours of reál 
clusters exists as a consequence of random fluctuations in the mass 
distribution of cluster stars. Since the colour dispersion is mostly 
caused by the presence of very evolved stars via stochastic effects in 
the IMF, ages based on the turn-off luminosity ought to be preferred, 
as stochastic variations there should be less of a problem.

However only a small number of clusters out of the large sample 
fór wich integrated colours have been measured possesses all the Infor
mation required to date them on the basis of customary colour-magnitude 
diagrams (using turn-off and main sequence termination luminosities, 
red giant clump luminosity, etc.). On the other hand, it is certainly 
worth of interest to ránk clusters as a function of the age even in 
those (far more numerous) cases, in which only integrated colours and 
magnitudes are available.

On the basis of our own data (Balázs, 1986), which includes 66 
clusters up to an age of 10 years, we obtained the following linear 
relation between the integrated magnitude and logaritmic age of a 
cluster:

I(Mv) = (1.45 + 0.27) Igr + (-14.95 + 2.68) , (2)
which is — concerning the slope — in good agreement with Gray's 
résült:
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(A - a)I
Fig. 1. The summary (B-V)^ versus lóg age pláne. The correspondence 

between the SWB type and age, and between the paraméter s and 
age are shown on separate scales. The vertical bars visualize 
the dispersion in the colours given by stochastic effects in 
the IMF, limited to the case of Z = 0.020. The full dots are 
clusters from van den Bergh's compilation (1981), whose age 
has been derived with the aid of the relation s(t). A mean 
colour excess E(B-V) =0.10 has been adopted to correct the 
apparent colours (Chiosi at al., 1986).
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Fig. 2. The age dependence of the I(B-V) colours according to Balázs 
(1986). The curve is the best fit given by the relation (4).
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i

l(Mv) = 1.46 Ig^ - 15.7 (3)
and the deviation at the zero point is simply a consequence of the 
different distance scales.

In conformity with the theoretical results of Chiosi at al. (1986) 
(see the curve drawn with full line in the diagram) the relation be- 
tween the integrated colours and the logarithmic age is nőt linear, 
and a formai fitting of a polinomial of second order gave the following 
result (Balázs, 1986, fig. 2):

I(B-V) = (0.06 + 0.05)(lg^)2 -(0.68 + 0.72)lgf + (1.61 + 6.23) . (4)

Taking intő account that both (2) and (4) are significant rela
tions and realizing that the parameters SWB and s are using only the 
intrinsic colours and — what is even more important — the effective 
rangé of the U magnitudes can be considerably shorter than the reach 
of the other two ones; it seems to me quite useful to define an age. 
index Ig^íJ based on the inverse relations of (2) and (4) in the fol

lowing form:
lg^' = a I(Mv) + b(I(B-V)o)2 + cI(B-V)o + d . (5)

A formai curve-fitting to our 66 clusters gave us the following 
Paraméter values:

a = 0.124; b = -2.85; c = 1.56 and d = 7.91 .
Let's stop here fór a moment. Why to use this more complicated 

relation than the relation (4) between the integrated (B-V)Qcolour and 
the age? As it was pointed out earlier, the absolute magnitude of the 
brightest member stars is a decreasing linear function of the cluster 
age on a logarithmic scale. So if we are using only the colours, we 
simply give away this Information.

Fig. 3 shows the customary turn-off point ages against the new age 
index (fór our 66 clusters). The correlation is quite acceptable. A 
formai linear regression gives the following result:

Ig't = 1.09 lg7- 0.628
with a root-main-square scatter of 0.387, which corresponds to an un- 
certainty of a factor of 2.4 in the ages of individual clusters. This 
is comparable with the errors claimed fór the previous methods of age 
betermination, bút the age index method is applicable even in those



- 82 -

lőre

Fig. 3. Calibration of the age index (IgTr) with the aid of customary
turn-off point ages (fór 66 clusters).



- 83 -

cases when only an integrated two-colour photometry is possible or 
available.
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KINEMATICS OF STAR FORMING REGIONS IN OUR GALAXY

Jan PalouS
Astronomical Institute of the Czechos lovak 
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Budeőská 6 
120 23 Prague 2 
Czechos lovakia

ABSTRACT. RadiaL velocities of star forming regions from 
our Galaxy are analyzed. The possibility that their motion 
is due to the circular flow is assessed and we show that 
a sharp hump and/or noncircular motions are present near 
the Sun. The complexes of star forming regions are alsó 
detected and we review briefly how they may be formed in 
galaxies.

1. INTRODUCTION

A kinematical sample of radial velocities of 218 Star Forming 
Regions / SFR / from our Galaxy has been studied statistical- 
ly by Avedisova and Palous / 1989 - Paper I /. We discovered 
several complexes of SFR's sharing a common motion different 
from circular streaming.

In Paper I, a fiat rotation curve with the linear ve- 
locity of rotation 220 km s has been,used. How far is our 
conclusion concerning complexes of SFR s influenced by this 
Particular choice of the rotation curve? This is the question 
We address in the present contribútion. .

The distribution of SFR s in the galactic pláne and the 
deviations from the circular motion are shown in Fig. 1.
Our approach is the following: „
1. We omit from the sample the SFR s deviating strongly from 

the circular streaming, e.g. complexes P1 and P2 speci- 
fied in Paper I and in Fig. 1.

2. We use the condition equation from Paper I, where we 
removed all terms reflecting only noncircular streaming. 
The other terms partly reflect the circular flow and we 
discuss if the results are compatible with any rotation 
curve. , . ,. . , .
We analyze the distortions of the velocity field and 
we alsó discuss where the star forming complexes come 
from.

Chsters and Associations" 
^1- Astron. Dep. Sitvos Univ.

Budapest (1930)
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-4 -2 0 2 Y (KPC)
f ig. 1. The distribution of S FR' s in the galactic pláne. 
The /X, Y/ coordinates are-centered on the Sun / the 
triangle /. X axis points towards the galactic centre and 
Y axis in the direction of galactic rotation. The depar- 
tures of individual SFR’s from circular streaming are alsó 
shown: /+/ or /o/ represent the pos i t i ve or negat i ve depar' 
turez the size of the syuibol shows the value of the depar- 
tűre. The dashed lines define the complexes of SFR's.
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2. THE ROTATION CURVE

The exact derivation of the condition equation describing 
the generál velocity tieid in the galactic pláne is g i ven 
in the Appendix of Paper I. Omitting all t erms originating 
strictly in noncircular streaming in the Galaxy the equ. 1 
of Paper I reduces to

2 2 3 ,V i e o ~ & r cos b sin 21 + r cos b ( a. sin l + a, sin 31) rzusR
+ r cos’b ( bj sin 21 + sin 41) /ÍZ

r is the distance írom the Sun in kpc and C L, b ) are the 
galactic coordinates. The coefficients in /1/ partly orig- 
inate írom the rotation curve and its derivatives at the 
position of the Sun. Fór these parts we may write 
/ see Paper I /

A = 1/2 ( 8/R - d8 /dR )re , _ o 2
a. = 1/3 (d 8 /dR + d8 /dR - e/R )

z C P P 2
a, = 1/8 (d 8 /dR - 3 d8 /dR 1 /R + 38 /R ) /2/
3zrc - - 2S0

b_ = 1/8 (1/3 d 6 /dR + de /dR 1/R + 8/R )
2,re n ■? 2 2 0

b, = 1/16 ( 1/3 d^O /dR + 2 d 6 /dR 1/R - 
4,re ? 3

- 5 de /dR 1/R + 3 6/R )Q ,

where R is the galactocentric distanc^ in kpc and 8 = 8(R)
is the linear rotation curve in km s . The subseript /o/ 
means the position of the Sun.

What are the expected values fór the coefficients /2/ ? 
Let us assume that the rotation eufve if smoothly rising 
or falling by less than ± 20 km s kpc . These are very 
broad limits, bút we alsó assume that there are no sharp 
humps on the rotation curve, which could cause that the 
second and third derivatives of it are large. Then, the
expected values fór /2/ are

3 < A < 23 km -1 u -1 s kpc

-0.7 <
r c 

a1,rc 

a3,rc

< -0.1 km s^kpc"2

0.3 < < 2.0 km s"1kpc"2

-11, -3 s kpc
-1, -3

0.01 < ^2Z re < 0.08 km

-0.02 < b4zrc < 0.15 km s kpc

The fit of equation /1/ with our SFR's yields

/3/
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_i -1
A = 13.2 ± 0.4. km s kpc

-1 -2
a. = -0.26± 0.07 km s kpc

a, = 0.79+0.07 km s kpc /4/
-1 -3

b, = -0.08 ±0.01 km s kpc
-1 -3b, = 0.07 ±0.01 km s kpc .

Values /3/ and /4/ are compatible except the value of 
b-,, which is significantly off. There are two possible 
explanations of this unconfortable situation:

a. there is a sharp hump in the circular streaming nőt very 
far from the Sun,

b. the motion is noncircular and dominated by groups or 
complexes of SFR’s.

In this paper, we discuss the second possibility, since 
it is similar to the conclusion of Paper I and Somé complexes 
are clearly distinguished in Fig. 1. However, the first 
interpretation is alsó possible and we postpone this di s- 
cussion to another paper.

3. THE COMPLEXES 0F SFR's

The star forming regions in complexes of 1 - 2 kpc in size 
share a common motion and they probably dominate the velocity 
field around the Sun. In our opinion, this is only another 
evidence of the fact that the star formation operates 
in disks of spirál galaxies coherently on scales of one 
kiloparsec or more. The complexes of young 0 and B stars 
/ Efremov, 1989, see alsó the review by Efremov in this 
volume /, coeval open star clusters or stellar moving 
groups yield further evidence fór the statement above.

The star formation on such large scales is probably 
connected with somé process propagating in the galactic 
disk. We assume that a se If-regu lating cycle between star 
formation, supershells and molecular clouds operates in 
galaxies / Tenorio-Tag le and Bodenheimer, 1988 /: stars 
are formed in clumps inside the moLecular clouds. Bút the 
parent cloud is quickly disrupted due to the large amount 
of energy released from newly born massive stars. The 
ionizing phot pn s, stellar w^nds and supernovae inject in 
totál somé 1 0D erg over 10 years and disrupt the cloud 
forming an expanding supershell. The supershell accumulates 
the ambient médium and after certain time the n ew molecular 
clouds are created. They may become the sites of next 
generation of star formation.

In differentially rotating disks the supershells may 
form molecular clouds on their tips and we assume that 
this is the mechanism propagating the star formation 
within the galactic disk. This mechanism has been described
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■Fig 2 The distribution of atomié /o/ and molecular clouds 
/•/'and SFR's 1^1 after 0.5 Gyr of propagation. The side of 
the box is 32 kpc long.
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elsewhere / PaLous, 1989a, b, Tenorio-TagLe, 1989 /.
We Like to demonstrate only / see Fig. 2. / that 

áttér somé time of propagation the muLtistructured arms 
are created. The star forming regions are concentrated 
intő segments of 1 - 4 kpc in size, the segments are 
separated from each other. This resembles the situation 
with complexes of star forming regions in our Galaxy, or 
the situation known from external galaxies, e.g. NGC 628 
/ E Imeg reen, 1988 /.
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AN IRAS BASED STUDY OF YOUNG OBJECTS IN A CEPHEUS REGION

László Pásztor and L. Viktor Tóth 
Roland Eötvös university 
Department of Astronorny 
Budapest, Kun B. tér 2.
H-1083
Hungary

ABSTRACT. Here we present the results of a nultivariate statistical 
analysis on IRAS data. We studied the surface distribution of cold 
pointsources which probably are in early stages of star fonration. These 
objects form groups, the groups are associated with dense interstellar 
clouds. Two of the groups are at the bordér of an IRAS bubble, forming a 
shell.

introduction

Recently several papers have studied the distribution of far infrared 
sources detected by the IRAS. A significant number of papers were 
dealing with the relation of IRAS sources to the starforming process. 
As it is assumed stars usually do nőt form individually, bút in groups. 
Using the IRAS data base, and imltivariate statistics we tried to find 
groups of objects in very early stages of star fonration, in the 
Cepheus, at about b=15’ galactic latitude.

Cn the PL11 plate (centre: 21h 30m, +75°) of the IRAS Sky Flux Mips 
(SFM) we seleced a rectangular area (see on Fig.l.). There are several 
high opacity clouds (on the Palonar Observatory Sky Survey prints), 
^olecular clouds (detected in CO), and luminous far infrared extended 
sources (IRAS SFM) signing the presence of dense interstellar natter. Me 
Hsted these objects in Table 1..

The large scale CO trapping of Lebrun (Lebrun 1986) revealed, the 
Cepheus giant niolecular cloud conplex (Cepheus GMCC) at 100° < 1 «C 120* 
,and lO^b<20*and at a distance of about 400 pc. Observational results 
on outflows and ent>edded sources, show a widely extended star fonration 
in this area (Snell 1981., Schwartz et al. 1988., Mayers et al. 1988., 
Parker et al. 1988., Sato and Fukui 1989.).These objects are situated in 
and/or around Lynds dark clouds (Lynds 1962), together with H alpha 
etnission stars found by Kun (1982).

Cn the 100 micron IRAS nap (Fig. 1.) one can see that the Lynds dark 
nebulosities and the CO clouds usually are connected with little IR 
clturps in the giant nolecular cloud conplex.

Clustars <rd AssorútiaK" 

Astron. Dep. Ebtms Univ. 

Bmiifat '1^30)
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in the
■ clouds 

Lynds 
1987.,

Fia 1 The surface distribution of the interstellar matter 
studied area. The cold ÍRÁS pointsources (+) and the interstellar 
regardless of their size: optically selected dark clouds.( E ) 
(1962) and Barnard (1927), and the others: (A) (Taylor et. al 
Desert et. al. 1988. and Magnani et. al. 1985.) centres overlayed on the 
PL11 100 micron IRAS SFM (centre: 250; 250= 21h 36m +75 00 J-

The (Y ) signe the H alpha sources found by Kun (1982) in the reg1in. 
The dotted line shows the squere in vHich we investigated the I 
sources, the solid lined net gives an orientation showing a grid of th 

equatorial coordinates on the SFM.
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Table 1. The interstellar clouds in the studied area
and(The narnes; equatorial; and plate coordinates;

CLOUDS RA DEC SM XL

h m • • pixe 1 pixel

LDN1172 TDS392 21 01 67 47 349 39

LDN1199 TDS398 21 35 68 20 252 49

LDN1217 TDS410 22 12 70 04 157 108

LDN1219 TDS414 22 11 70 40 163 126

LDN1221 TDS416 22 26 68 49 114 77

LDN1228 MBM162 DBB149 21 00 77 20 309 324

LDN1235 TDS426 22 14 73 08 167 200

LDN1242
LDN1243 TDS428

22
22

30
13

73 00
75 14

132
179

203
262

LDN1247 TDS430 22 21 75 00 163 258

LDN1251 TDS431 22 35 75 00 136 264

LDN1259 TDS446 23 21 74 00 38 267

LDN1261 TDS448 23 25 74 00 31 270

LDN1262 TDS447 23 23 74 00 35 269

TDS417
TDS420
TDS421
TDS452
MBM161 DBB149
MBM164 DBB154
MBM165 DBB154
MBM166
0BB142 
BARNARD175

22
22
22
23
20
21
21
22
21
22

34
04
09
35
53
57
59
01
33
11

68 55
73 04
72 48
74 57
81 15
80 35
80 35
82 15
68 41
69 19

93 
189 
177

26 
299 
224 
221 
224 
258 
157

85 
195 
188 
306 
442 
419 
419 
470

59 
85

the references.)

CD 
CD 
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in 
CD 
o> CD 

Ch
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Ch 04

to H
x H Cl U1 H

Q
W M

2 H z K
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CQ z E cn
< CQ q 0 Q

Q □ 2 H

sourcesIRASthe cold pointlikethe distribution of 
of the area selected in order to answer the following

1. Do the sources form groups or have a random distribution 

^Is there any connection betgen the distribution of the 

(groups) and the interstellar matter?

We have studied

in the

sources

THE DATA ANALYSIS

We have obtained the sanple of IRAS sources for the anal^
we ridve uutaiuc^ vnv, -—t  , 

following way: We have started with the totál number of 
listed in the PSC within the 300x300 pixels squere signed on

on the 
sources

Fig. 1. . We

used the selection criteria; zm, y if their
I., have a non-stellar like IRAS spectra (FU2 < F125, if their flux

qualities are good).
II.,have at least

wawelengths

(dér ived from the 25, 60, 100 micron poine
coefficients according to Beichnenn et al. 1984b The 92 J^urce
tulfiHing these criteria have a non-random surface
controlled this fact by the next neighbours method.
of the first second, tenth neighbours (Table 2. are cleariy ies_ 
t^VrE™^ (g^ined by f^nte Carlo tO

large nunter of couples with close separation m the reál sanple.

90% pointlike feature in longer 
100 micron point source
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Table 2. Separations of the pointsources in the 300x300 pixels area.

MEAN STD DEV MIN MAX MEAN STD DEV MIN MAX

SEP 1
SEP 2
SEP 3
SEP 4
SEP 5

10. 13
15.45
20.04
23.50
26.76

6.68
8.93

10.72
12.02
13.11

1.00
3.00
5.39
6.00
6.00

34.21
56.94
62.03
75.58
90.38

SEP 6 
SEP 7 
SEP 8 
SEP 9
SEP 10

29.53
31.88
33.99
35.82
37.64

14.57
14.93
15.54
15.82
15.94

7.07
8.60
9.43

11.05
11.18

100.57
105.23
108.24
109.42
110.64

NUMBER OF CASES IS 192

We checked the significance of the variance by statistical tests 
(Kolmogorov-Smirnov Goodness of Fit Test, Chi-Square Test) comparing the 
separations* frequency distributions of the reál sanple with ones 
expected theoretically.

Since the probability that the i-th neighbour is just within a 
distance of s from a certain object in the case of randomly, non- 
correlatedly scattered points is:

p^s)- (2(Nn/A)1 / ( i-1) ! ] sU1‘ l^exp(-Ns2n/A)ds ,

1: Group of faint, cold sources, near to the CO peak intensity on 
Lebrun's nap. On the SFM the objects are located in an extended luminous 
region. The point sources rray be cores of this dense part of the 
One of them vbich is near to the centre of the group has a conparabl® 
higher Tdust(60/100) of 37 K. This IRAS 214984-7053 object shows enbeddeO 
source-like IRAS speetrum and has nőt associated, catalogized source on
2 mi erőn (Gézári et. al. 1984).

tárere N is the number of points scattered in a field with an area of A.
The statistical tests revealed that the difference of the frequency 

distributions can be considered significant almost with 100^ 
probability. Thus we nay say that the our cold IRAS pointsources form 
groups in this region.

To obtain the groups at first w? dropped away the sources virich had 
less than 7 neighbours (other cold pointsources) within a circle of a 
radius of 28 pixels (50 arcmin), and vhich had nőt a next neighbour 
closer than 10 pixels (18 arcmin).

Fig 2. shows the remainder 61 IRAS objects. We derived 7 groups by a 
K-ireans clustering. Table 3. cointains the equatorial and SFM 
coordinates of the cluster centres, the number of the menbers and the 
Identification of the associated clouds as well as the distance between 
the centre of the group and the associated clouds.

DESCRIPTICN OF THE GROUPS

Fór the 61 group-n^mber objects ve derived the Tdust(60/100), the 
60/100 mi erőn dúst tenperature using the model of Leene (1988) of ©<»1. 
We alsó derived the type of the IRAS sources according to Emerson'$ 
classification (ürerson, 1988). Here below we give a short deseription 
of our groups.
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Fig 2. The 7 groups of the selected 
contour of the bubié overlayed on the

IRAS pointsources ( + ) and the 
investigated part of Fig. 1..

2 : The group is associated with the Barardl75 cloud (Bamard 1927) 
''hich shows strong absorption on the POSS. The sources are situated 
along a rim containing TDS417, LDN1221, LDN1217, LDN1219 clouds, vhich 
appears on the 100 mi erőn SFM, too. Two sources: IRAS 22122+7000 and 
IRAS 22129+7000 are associated with the VdB.66N 152 very bright nebula 
(Van den Bergh 1966) and with the CED201 bright dense nebula vhich is 
considered as a product of a small isolated molecular cloud (Witt et. 
al. 1987). These two point sources have an IRAS speetrum like star 
forming árpás according to Emerson’s classification.

3 and 4: These sources appear in 60 and 100 micron only. They form a 
shell projected on the edge of a bubble-like structure on the SFM found 
by cluster analysis on 25, 60, 100 micron channels of PL11 SFM plate 
(Tóth 1988). The projection of the bubble on the SFM has a radius of 
about 90 minutes of arc, vliich corresponds to 5-6 pc assuming a distance 
of 4-500 pc in the line of sight, the same as one of the GM3 according 
to Lebrun. The estimated coordinates of the centre of the bubble are: 
RA(1950)=23 h ; DECL(1950)=+71 deg 30 min.
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5: It is a low populated, conpact group containing objects of 
Tdust(60/100) of about 20 K except IRAS 22256+7102, vhich has a 
Tdust(60/100) of about 40 K and show a T Tauri-like IRAS spectrum. The 
group is nőt associated with knowi dark clouds bút the SFM shows 
intensive far ÍR emission signing dense mattén in the direction of this 
group.

6: This group is associated with the LDN1199 dark cloud, the DBB142 
molecular cirrus cloud which appears on the CO map of Lebrun, too. These 
sources have good IRAS fluxes only in 60 and ICO micron. These are 
probably cold cores in the cloud. The Southern part of the LDN1199 cloud 
is a piacé of knom young stars vhile our 6th group may shows recently 
forming protostars. Here we remark that the group is at the boundary of 
the studied area thus we investigated only a part of the reál members.

7: The center of this group is in the LDN1251 high opacity dark 
cloud. It is a little dense cloud according to the IRAS SFM, and the CO 
mapping of Sato and Fukui (1989). Cn the CO map of Lebrun it is a peak 
intensity point and seems to be connected with the LDN1247, LDN1243 and 
LDN1241 dark clouds. These clouds form a clunp in the Cepheus GMOC.

In the outer region of the group there are 7 cold objects vdth 
Tduat(60/100) <30 K. In the inner region of the group there are 3 
selected pointsources. The IRAS 22331+7502 has a T Tauri like IRAS 
spectrum. The IRAS 223443+7501 and IRAS 22376+7455 are possible the 
driving sources of molecular outflows detected in CO (Sato and Fukui 
1989). Here are alsó a few H alpha emission stars in and around the 
LDN1251 (Kun 1982). We think that the star forming occurs here in a 
]argar volume than the LDN1251 cloud.

Tahi a 3. The main data of the 7 groups: the equatorial coordinates of 
the centers; the number of members; the name of the associated clouds 
and the distance between the group and cloud centers in arcmin.

NO RA DEC N ASSOCIATED CLOUDS DISTANCES REMARKS

1
h m

21 47 70 39 10 LEBRUN CO-PEAK 38 LOOSE GROUP

2 22 13 69 41 14 HARNARD175 23 ADVANCED STAR FORMATION

LUN1217 TDS410 23

3 22 35 72 19 6 BUBBLE

4 22 36 71 00 9 BUBBLE

5 22 25 71 15 5
EXTENDED IR EMISSION

6 21 35 68 34 7 INDU99 TDS398 14 PART 0F A LARGER GROUP

7 22 36 75 01 10
DBB142
LDN1251 TDS431

11
4 ADVANCED STAR FORMATION
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SUNMARY

The investigated sanple of IRAS sources shows concentraticns in and 
around dense paris of the interstellar matter. We assume that we found 
pre-associations which signe that in the Cepheus Flare CMS there are 
several regions of recent star forrration with different ages, and 
masses. To have a correct estimating fór the starforming efficiency it 
is necessary to find the other members (more evolved, nőre faint, etc. 
than the presented objects) of the groups.

We found a new evidence fór the existence of a bubble like structure. 
It is necessary to have a more extensive CO mapping than Lebrun's, to 
discuss the reál structure and age of the bubble.

Fór the further investigations one have to obtain good enough 
distance values fór the parts of the Cepheus Flare GM? and fór the 
related objects.
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SOMÉ CONSIDERATIONS ON DATA BASES AND CATALOGS

C. JASCHEK 
CDS, Strasbourg, Francé

Traditionally catalogs were the product of a scientist near retirement 
age, who published his priváté files (i.e. his priváté data base) fór 
Public use. That was the way of Aitken fór the double star catalog, and of 
Wilson fór the stellar radial velocity catalog. Obviously such a practice 
does nőt favor a re-edition of the catalog in a near future. Since then 
things have changed, at least in two aspects. Data bases and catalogs are 
now often the result of a team work, like fór instance the photometric 
catalogs of the Lausanne group headed by Hauck; secondly the very large 
inflow of data requires re-editions at short time intervals. As a good 
example consider the "Brigiit Star Catalog". The third edition came out in 
1964, the forth in 1982 and we have already a fifth on tape since 1987. 
This example is instructive because we are dealing with a number of stars 
which is constant (N 9200) in which only the amount of information fór 
each object is increasing. If one looks at catalogs in which the number of 
object varies bút the Information content is the same, we may quote the 
case of the UBV catalogs. Johnson and Morgan (1953) provided data fór 2,9 
xlO^ stars; Blanco et al (1968) fór 2,4 x 10 , Mermilliod & Nicolet (1977) 
fór 5,3 x io\ Mermilliod (1984) fór 7,2 x 10^ and Mermilliod (1987) fór 
8,7 x 10^ stars. This representsán exponential growth in which the number 
doubles every eight years.

Such a rapid data growth obliges to issue re-editions as soon as 
Possible, and this in turn poses new problems. First of all consider the 
time elapsed since the final date fór data collection and the day the 
catalog can be mailed. Secondly, on what support should the catalog be 
Printed.

With regard to the first point one has to consider two different 
delays. The first one is the time elapsed between the closing date of the 
catalog or the data base ("literature up to 1980.0 was included”) to the 
date the printer gets a manuscript. The second step is the time elapsed 
between the presentation of the manuscript to the printer and its 
aPparition in print.

The first delay is deadly when hand-written cards have to be 
transcribed, bút -happily- it reduces to almost zero when the information 
is stored in a computer. With regard to the second delay, we all know that 
a magaziné takes about one year to publish a catalog whereas a (book) 
editor takes two years to get a book printed. If one puts the two steps 
together one finds himself confronted with the fact that a catalog printed 
in book form from hand-written cards has a handicap of at least three and 
UP to five or six years: it is out-dated even before published.

Clusters and Assnaatias"
^1. Astron. Dep. Eötvös Univ.

^■10, Budapest (1990)
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How should catalogs then be presented to overcome this time delay? The 
traditional printing on paper has the advantage of being permanens 
(permanent meaning "at least one century") bút as we have seen, it is a 
rather slow procedure. The second possibility is the magnetic tape, which 
in principle permits re-edition at any moment. Tapes have however 8 
limited life (less than ten years), unless precautions are taken. It alsó 
requires a computer to read it. Bút it has definite advantages over the 
printed catalog: one can perform all kinds of operations on it, re-arrange 
it, sample it, combine it with other catalogs and so on. Fór all this we 
must produce computer readable version of all catalogs, even of the ones 
which are printed. In second piacé, catalogs on tape are cheaper to 
produce and to distribute than books: there is no problem of producing on® 
more copy of the tape, whereas when one miscalculated the number 0‘ 
exemplars to be printed, a re-issuing is (almost) out of question. Let uS 
mention in by-passing that from the tapes one can alsó produce print-outs, 
microfiches and even laser-printed books. So it seems that all data bases 
have now to be computerized from the start, so that issuing a catalo? 
becomes a relatively simple thing. Often scientists assume that 
essentially all necessary information exists already on tape at the 
astronomical data centers around the world (USSR, GDR, Francé, USA, China. 
Japan) This is however a flagrant exaggeration because as I have shown 
my book "Data in Astronomy" (Jaschek, 1989) there are whole chapters 0 
astronomy without catalogs (either on tape or printed). I shall provid® 
just a few examples. Radiodata surely exist on tape, bút are very difficulj 
to get, a fact which is paradoxical and prevents further use. Catalogs 01 
associations do exist, bút no catalog of association members. The catalog 
of interstellar polarization is badly outdated, and a similar remar 
applies to the catalog of MK spectral types. Photoelectric observations ot 
variable stars are currently made in huge quantities and are sometimes eve® 
published, bút no one has pút them in a data base. As far as galaxies ar® 
concerned, we can quote the case of M31- This galaxy has been observe 
often, bút we have neither a cross-identification of all the object 
observed, nor a comprehensive catalog of positions. Besides M31 there ar® 
at least half a dozen other galaxies who merit similar treatment. (Up c 
now such a catalog exists only fór the Small Magellanic Cloud (Bischoff, ® 
al., 1988). The üst of examples could be prolongated without much eff°r 
and shows how much is still to be done.

Let me simply mention a last point, namely why it is important to S®J 
up catalogs or data bases. The justification lies in the fact that moder^ 
Science is broken up in many small fields of specialization. If we í 
outside our own narrow field, we • must rely upon the data of oth® 
specialists, because even if we would attempt to study the literature 
know which is value of the dátum we need, we lack the necessary expertis®' 
Conversely other specialists expect from us that we collect and summari $ 
the data of our field of specialization fór them. If we do nőt do it 
fail as responsible scientists: we are expecting others to provide us wi 
data, bút we do nőt provide anything in return.



- 101 -

Bibliography

Bischoff, M., Florsch, A., Florsch, J. and Marcout, J.: 1988, "Catalogue of 
the Objects in the Direction of the Small Magellanic Cloud", Publ.
Observatoire de Strasbourg, Francé

Blanco, V.M., Demers, S., Douglass, G.C., FitzGerald, M.P. (1968) 
"Photoelectric Catalogue: Magnitude and Colours of Stars in the UBV and

UcBV Systems”, Publ. V.S. Havai Observatory 2nd Ser., vol. 21, 
Washington

Jaschek, C. (1989) "Data in Astronomy" Cambridge University Press

Johnson, H.L. and Morgan, W.W. (1953) Astrophys. J. 112, 313

Mermilliod, J.C1. and Nicolet, B. (1977) Astron. Astrophys. Suppl. 22, 259

Mermilliod, J.C1. (1984) Bull. Inform. CDS 26, 3

Mermilliod, J.C1. (1987) Astron. Astrophys. Suppl. 21, 413





- 103 -

INVESTIGATICNS BASED CN "CATALOGUE OF STAR CLUSTERS AND 
ASSOCIATIONS" DATA

O.P.Pyl'skaya
Astroncmical Observatory, Ural State University 
620083 Sverdlovak, USSR

ABSTRACT. We present an informaticn cn preparaticn of Supplements to 
"Catalcgue of Star Clusters and Association" (G.Altér et al., 1970, 
Budapest) (CSCA) in the Ural State University. This work is carrying 
out in collaboraticn with collegues frctn Czechoslovakia and Hungary. 
We shortly review integrál parameters of open clusters and discuss 
®etallicity distribution of open clusters determined írem different 
scales.

The observational data fór ccmplex star clusters investigations 
including the determinaticn of their dynamic, kinematic, photcmetric 
Paramétere, age characteristics and Chemical ccmpositicn of cluster 
stars must be as hemogeneous as possible. It is often necessary to 
transform the characteristics determined with different calibraticns 
to the uniform system.

This is especially important fór the investigaticn of star clus- 
ter complexes, determinaticn of génétical ccnnecticns between different 
age open clusters, exploraticn of Galaxy evoluticn and gradients of 
Chemical ccmpositicn.

"The Catalcgue of Star Clusters and Associations" (CSCA) is being 
s^stenatically supp lemented with new data cn the stellar groups inves- 
tigaticns.

Since 1981 this work is being performed in collaboration with 
suientists from Czechoslovakia and Hungary. In 1987, the Ural State 
Bniversity was intitled by ccnference of participants of the Project III 
testien and Processing Astrcncmical Catalcgues cn Ccmputers (Potsdam, 

tiar Cltsters aní ássncúticns'

^1. Astron. Dap. Eotovcs Univ.

BuJapat (1990)
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1987, Nov.30-Dec.5, Subcanission No.6 "Star Clusters and Associations") 
to review the main part of soviet and foreign literature concerning the 
topic. Information fron more than a hundred of periodic astrcnony edi- 
ticns issued in different countries within 1981-1988 has been collected 
in Supplement III of CSCA. About 20 thousands of records in English inc- 
luding new data on cluster physical parameters are pút down cn magnetic 
tape and sent to Czechoslovakia fór editing.

At latter decades, the analysis of CSCA and Supplements led us to 
somé interesting ccnclusions about the Galaxy structure and dynamics. 
New methods of observation and statistical Processing of stellar group 
data have alsó been stirculated in the Ural State University. Farticular 
attention was paid to the exception of errors due to selection effects 
and data unhcmogeneousness.

So, the main parameters fór 28 open clusters of different ages were 
determined and luminosity functions were derived using the method of 
uniform three-colour (UBV) photometry in a system of hundreds of thou
sands stars. Using the statistic criteria we have demonstrated alsó that 
the initial luminosity function universality hypothesis can nőt be ex- 
pected because the open clusters luminosity functions of all fcur selec- 
ted age groups have only eccidental differences. The star formation pe
rlőd calculaticn method using luminosity functions was applied fór somé 
open clusters (OCL). The duration of star formation appeared to be 10T- 
10B (Zakharova 1987, 1989).

Theoretical and experimental probléma need hcmcgeneous data. They 
are: investigations on OCL dynamic evolution character, initial stages 
of cluster evoluticn after the OCL stars formation in the molecular 
clouds nuclei, etc. A new statistical method fór estimation of diameters, 
number of stars and OCL reality was elaborated at the Ural State Univer
sity. This method is based on the star quantity functions N(R) ccmparison 
in different radius R circles fór clusters and fór wide background field 
areas (Danilov, Matkin, Pyl'skaya 1985). The method allows to study in 
details the star background and to estimate the errors of the determined 
values. Fór cluster dimension estinations (LD) we used nőt only the mean 
photometric distances, calculated according to many CSCA authors data bút 
alsó the clusters distances determined at the Ural State University (Bar' 
khatova, Pyl'skaya 1980) with the help of Kholopov's ZAMS (Kholopov 1978)' 
The parameters of a hundred open clusters have been determined by now (0® 
nilov, et al. 1987, 1989). More clusters being analysed by the new tech-



- 105 -

Fig.l. Comparison of the integrál OCL paraméters 
according to Sagar et.al. 1983; Spassova 1985
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nique, more accuracy of different mass clusters space distributicn will be 
obtained. It will clear the reasons of somé paradoxical dependences fór 
OCL subsystem described by Barkhatova, Pyl'skaya 1983.

Investigations on integrál parameters performed fór recent five years 
(Sagar, et al. 1983, Spassova, Baev 1985) demonstrate tbeir good internál 
agreement (Fig.l). These results are quite reliable to find paraméter s 
dependence cn the distance from the Sun in terms of mean photcmetric dis
tances (Barkhatova, Pyl'skaya 1980) (Fig.2). Accounting possible dependen
ce of the calculated integrál values cn the clusters linear dimensioas, 
i.e. I(Mv)-f(LD) similar to LD=f(r) relation (Barkhatova, Pyl'skaya 1983) 
(r - the cluster distance from the Sun) we restricted LD by the interval 
of 3pc<LD<5pc. The dependence I(Mv)=f(r) preserves far clusters of mean 
linear dimensicns. Obviously its majn reasons are observational selection 
and pecmarities of absorbtion and of clusters composition described by 
Beláss, 1986. The greatest variations are found fór the clusters of 
r>1.5 kpc (Fig.2). OCL with distances r less than 3.1 kpc possess signi- 
ficant dependence I(M^)=I(tWo+(-l. 084+0.28)-r close to one described by 
Barkhatova, Pyl'skaya 1983, although noticed calculaticns were performed 
fór integrál values derived by Gray, 1965. Probably theoretical and evo- 
luticnary ccnclusicns bazed cn parameters depending cn the cluster dis
tance írem the Sun determined photometrically are restricted by r<1.5kpc.

The CSCA and its Supplement data emphasise the increasing importance 
of the Galaxy Chemical composition investigations. The most important 
problem is to estimate the reality of published data cn metallicity gra- 
dients obtained using the cluster age and distances from the galactic 
centre and galactic pláne.

The metallicity values are determined with essential errors even 
fór individual cluster stars. This authors (Claria, Lapasset, 1985) re- 
port that the value [Fe/H] changes frem -0.09 to -0.60 fór the star 
No.58 of the cluster NGC 5822 according to different metallicity indices.

Different metallicity systems (Janes 1979; Jennens, Heller 1975; 
Camercn 1985 a, b; Lynga 1987) of OCL have been ccmpared (Pyl'skaya 1988) 
and the published values of metallicity have been reduced to a homege- 
neous system similar to Lynga's 1987 cne. The cluster metallicity func 
ticn is presented at Fig.3. This function is like already published 
[Fe/H]-distributicns of red giants and G-dwarfs of field (Marsakov, Such 
kov 1985). Distributicn bimodality and its centre pit remaln alsó after 
the addition of [Fe/H]-values from Panagia, Tosi 1981; Strobel 1987 
papéra (the shaded part of hystograrrm, Fig.3). Probably this similar ity



- 107 -

i I

Fi
a.

2.
 I(M

v)
 fro

m
 r(

kp
c)

 de
pe

nd
en

ce
: 

I(
M

v)
=I

(M
v)

o+
(-

1.
08

+0
.2

8>
-r

, 
0.

18
<r

<3
.2

, N
=1

12
K

M
vl

^K
M

vJ
o+

C
-O

^l
+O

.a
aj

r, 
r<

1.
5,

 
N

=6
5

H
M

v^
Ilb

kó
o+

í-O
.O

a+
O

.S
O

lr,
 

r<
0.

5,
 

N
=1

9

X
M

V
)



- 108 -

Fifi.3. OCL metallicity function (N=114)
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may be caused by the fact that irány authors examined clusters ccntaining 
laté spectral types stars. Such OCL form less than 10 per cent of all 
Galaxy clusters.

More precise spectral observations of cluster stars of wider inter- 
val spectral types are neccessary fór evolutlonary conclusicns abcut 
abundance gradients and fór metallicity function ncmcnotonicity estima- 
ticn.
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SOMÉ INFORMATION ON THE BIBLIOGRAJHIG CATALOGUE OF
variable stars

SIEGFRIED RÖSSIGER
Central Ihstitute of Astrophysics 
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EF. 55-27/28 
Sonneberg - 6400 
G. D. R.

ABSTRACT. The paper reports briefly on the development and 
structure of the Sonneberg bibliographic card fiié cata
logue of variable stars, and shows how this catalogue be
esnie the starting point of the Bibliographic Catalogue ox 
Variable Stars and the Bibliographic Catalogue of Suspected 
Variable Stars at the Strasbourg Stellar Data Centre. In
formation is given on the up-to-dateness of those cata
logues.

HISTORICAL BACKGROUND
is one of the most important research 
itars. This can already be seen fromSonneberg Observatory 

eentres fór variable i-------- ,, , - .
the fact that nearly one thírd of all known variable s^ars 
have been detected at Sonneberg, mostly by C. Hoffmeister. 
Por investisating variable stars a bibliographic catalogi- 
is an almost indispensable aid.in avoiding repetition of 
bosearch work or simply answermg the question whether a 
Variable star newly detected at Sonneberg has been known 
hefore. Therefore in the first years aftér the Second uor.a 
'Var the so-called "Sonneberger ZetteUcatalog" was estab- 
lished. This is an extensive card fiié containing all at- 
Vainable references fór variable and suspected variable 
stars, with each star having one or more cards (depending 
on the anount of literature referring to it), and the cards 
teing sorted according to the customary rules of nomencla- 
turo. It was a lucky chance that Qust at that_tíme H. 
Schneller had been working fór somé years at sonneberg Ob- 
servatoíy. He was, after R. Frager, the author of the^sec- 
oad edition of the Publication ’Geschichte und Literatur 
des Lichtwechsels dér Veranderlichen Sterne (GuL). By 
copying Scbneller’s fiié the foundation fór the Sonneberg 
card fiié catalogue was Iáid. In this respect one can con- 
Qider the Sonneberg bibliographic catalogue to be the con- 
iinuation of the GuL. It is absolutely necessary to mention 

Clusters aú assoáaüas“
Astron. [lep. Botom üniv.
Budapest (1990)
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the work of H. Huth in this connection, who directed this 
catalogue during more than 4 decades. Since his death in 
April 1988 the work on the bibliographic catalogue has been 
continued under my direction.

STHUCTU2E OF THE SONNEBERG BIBLIOGRAPHIC CARD FILE

Since the laté fourties the Sonneberg bibliographic card 
files has increased considerably. Continually all attaina- 
ble literature on variable stars is being looked over and 
references are being excerpted and entered intő the cards. 
Each of these entries generally consists of. the name of the 
author, the year of the publication, the name of the publi- 
cation, volume and page number, and one or a few key words 
characterising the contents of the publication. A totál of 
nearly 47 000 objects is being supervised in this waj. Most 
of them are naned variable stars. The fourth edition of the 
General Catalogue of Variable Stars contains 28 457 stars. 
Since its appearance the stars of name-lists no. 67, 68, 
and 69 (published in IBVS 2681, 3058, and 3323, respective- 
ly) have been added, so that we have now 30 099 naned vari
able stars. By the way, there exists a card fiié of the un
named, so-called suspected variable stars in the order of 
the numbers used in the New Catalogue of Suspected Variable 
Stars (NSV). This catalogue contains a totál of 14 811 ob- 
jects. Since however 499 of them have been named in the 
meantime, there remain 14 312 in the card fiié. Moreover we 
have a special card fiié concerning about 2 700 very dif
ferent objects with conspicuous physical properties, fór 
example unnamed novae, X-ray sources, infrared sources, 
emission-line objects, unnamed variable stars detected at 
Sonneberg and so on. This card fiié has alsó proved to be 
very useful in our work. If a star of this fiié happens to 
be given a final variable star designation, the correspond- 
ing cards, which often contain a large number of entries, 
can be transferred intő the card fiié of named variable 
stars.

THE BIBLIOGRAHíIC CATALOGUE OF VARIABLE STARS AT THE CDS

The Sonneberg bibliographic card files had been mainly in- 
tented fór internál use. It became however more and more 
desirable to make this catalogue available to all observa- 
tories and interested astronomers. This is nothing bút a 
natural consequence of the fact that the Sonneberg biblio
graphic catalogue was regarded as the continuation of the 
GuL. Therefore in 1973, after an arrangement with the 
Strasbourg Stellar Data Centre (CDS), at Sonneberg the 
storing of the contents of the card fiié fór the named 
variable stars on electronic data carrier was started. At 
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intervals the matéria! is sent to the Astrophysics Comput- 
ing Centre in Potsdam-Babelsberg. There it is pút in order 
and examined fór errors by computer, and then transferred 
to the CDS fór further Processing and storage. The so re- 
sulting Bibliographic Catalogue of Variable Stars (BCVS) 
has been availáble on microfiches already fór somé years 
under the number 6022. The Astrophysics Computing Centre in 
Potsdam-Babelsberg acts as the sub-centre of the CDS and is 
alsó in a position to provide data from this catalogue. 
Those interested should pay attention to the remark in IBVS 
bo. 2353• A detailed description of the BCVS you can find 
in the Information Bulletin of the CDS, no. 20, p. 131. At 
present this catalogue embraces the literature up to the 
7®ar 1981 inclusive. We are kept busy correcting errors and 
inconsistencies still being found in the catalogue. Unfor- 
tunately, according to an agreement with C. Jaschek from 
the CDS in the early seventies, the ábove-mentioned key 
words have nőt been taken over intő the BCVS. This is un- 
doubtedly a handicap fór the user, considering that there 
are several stars with more than 500 entries each. How can 
he know which of the references are relevant fór his in- 
vestigation? We therefore plán in future to add the key 
words to the references.

®HE BIBLIOGRAPHIC CATALOGUE OF SUSRECTED VARIABLE STARS

In the meantime by the same procedure as fór the named var
iable stars the contents of the Sonneberg card fiié fór the 
NSV catalogue stars has been transferred to the CDS, and 
^he Bibliographic Catalogue of Suspected Variable Stars 
(BCSVS) estáblished. Closing date is the end of 1986. In- 
°luded are all NSV objects with the exception of those 
stars that got a final designation in the name-lists no. 65 
(IBVS 1921), no. 66 (IEVS 2042), and no. 6? (IBVS 2681) 
from NSV no. 5384 onwards. The stars of the name-lists 65 
And 66 are included in the BCVS, the quoted stars of the 
hame-list 6? will first appear in a supplementary edition 
of the BCVS, and the stars of the name-lists 68 and 69 
(IBVS 3058 and 3323) are, under their NSV number, still in- 
°luded in the BCSVS, although a final designation has been 
given to them in the meantime. An inconvenience of this 
kind can never be avoided completely.

To savé labour we have omitted the references from 
fhose journals that are extracted anyway by the CDS fór the 
PUrposes of its Bibliographic Star Index (BSIj CDS Cata
logue no. 6002). Fór completeness the BSI and/or SBIBAD 
onta bases should therefore be consulted too. Experience 
3hows that this is absolutely necessary fór the brighter 
®Uspected variable stars because they are chiefly treated 
An the common joumals, whereas frequently the fainter • 
^ars (say below 10®) are only dealt with by papers in spe- 
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cialised publications, and mainly with those latter ones 
has been our concem. In future - that is, concerning the 
literature of 1987 and onwards - this unfortunate restric- 
tion will be removed. - More detailed Information on the 
BCSVS von can look up in the Information Bulletin of the 
CDS, no. 35, p. 137.

CONCLUSION

To conclude I would like to say something about our further 
work on the bibliographic catalogue. Up to now we enter all 
réferences intő the cards by hand. Inspecting arriving lit
erature and entering the rei’erences intő the cards has been 
two half-time jobs; putting the data on tape, another half 
job. Owing to the worldwide dramatically increasing publi- 
cation rate the amount of work is fást growing beyond the 
1 imits of one and a half jobs, and we have to look after a 
more efficient procedúra. We are planning to start, in 
course of this year, to excerpt and feed the new data di- 
rectly intő a computer. ?rom there we can deliver the data 
immediately to thé CDS sub-centre in Potsdam. The cards fór 
our internál use then are to be printed from time to time 
by the computer. This promises to safe a lót of time and, 
moreover diminishes the rate of errors. We alsó hope fór 
keeping the references quoted in the BCVS and BCSVS more 
closely up-to-date on the new publications.

Binally I should like to appeal to all colleagues in- 
terested in variáble stars to send preprints and reprints 
of their papers to Sonneberg Observatory to guarantee prop- 
er inclusion of the titles in the BCVS.
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LARGE VOIDS OF RICH CLUSTERS OF GALAXIES

K. Y. Stavrev
Department of Astronomy and National Astronomical
Observatory
72 Lenin Blvd., 1784 Sofia
Bulgária

ABSTRACT. The data in the machine-readable catalogue of clusters 
of galaxies with published redshifts, compiled oy Leoedev and Le- 
bedeva (1986), is used to search fór large voids in tne spatial 
distribution of rich clusters of galaxies in the north galactic 
hemisphere. A statistically homogeneous sample of 220 rich Abell 
clusters, defined by a limiting redshift z < 0.14 and galactic la- 
titude b >30°, which is relatively complete fór z < 0.03, has 
been processed. The void-searching procedure is based on the cal- 
culation of the distances from the nodes of a cubic grid, built in 
the investigated space, to the nearest neighbouring cluster of 
galaxies. Somé 19 regions devoid of rich clusters of galaxies (12 
"closed" voids and 7 "open" voids) have been detected, assuming 
minimál dimension of 80 rípc fór the selected voids (fór Hubble 
constant Ho = 100 km s-1 f’lpc-1 ) . A list with data fór the void pa- 
rameters (coordinates of center, distance, dimensions, etc.) is 
given .

1. INTROOUCTION

The advance in our knowlidge of the large—scale structure of the 
Universe in the pást decade is due mainly to the accumulation of 
more and more data fór the redshifts of galaxies and clusters of 
galaxies. At present more than 20000 galaxies and about 2000 clus
ters and groups of galaxies have measured redshifts.

The studies of the spatial distribution of galaxies, based on 
these data, have shown clearly the existence of large regions with 
dimensions 20-60 Mpc (a Hubble constant Ho = 100 km s-1 f'lpc” 1 is 
hsad in this paper), devoid of galaxies (Gregory and ihompson 
1976; Kirshner et al. 1981; de Lapparent et al. 1986). If the clu
sters of galaxies are used as tracers of the large—scale distribu— 
tion of galaxies, then the search fór voids may be carried out in 
larger spatial volumes, to larger distances. Bahcall and Soneira 
(1982a, b) were the first to find out large voids in the distribu
tion of clusters of galaxies. Later Schmidt (1933) and Batuski and 
Surns (1985) used extensive cluster surveys and discovered more 

'Sa- Clusters and ássoaatttns"

?ubl. Astron. Oep. Eötvös Uhiv.
*>■10, Budapest (1990)
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voids.
The purpose of the present paper is to determine on the hasis 

of the increased amount of available redshift data the locations 
of the large voids in the distribution of clusters of galaxies, 
using a statistically homogeneous and relatively complete sample 
of rich clusters of galaxies. Unlike Satuski and Burns (1985), who 
use measured as well as estimated cluster redshifts, we have in— 
cluded in our sample only clusters with measured redshifts, avoid— 
ing in this way possible large errors in the distances to the 
clusters.

The volume occupied by the sample of rich clusters contains 
alsó a large number of poor clusters and groups of galaxies, which 
do nőt constitute a homogeneous and complete sam.ple. Nevertheless, 
they may provide valuable Information fór the voids. The results 
from the processing of such a sample of rich and poor clusters 
will be given elsewhere (Stavrev 1989).

2. OBSERVATIONAL DATA

The search fór large voids in the distribution of clusters of 
galaxies is based on the data in the catalogue of clusters of 
galaxies with published redshifts, compiled by Lebedev and Lebede- 
va (1986). Updated in 1988, it contains 1702 clusters and groups 
of galaxies from nearly 100 sources.

The preliminary analysis of the catalogue data has shown that 
it is highly inhomogeneous and incomplete in respect to the sky 
coverage, as well as in respect to the depth. Statistically homo— 
oeneous samples, which are complete to larger distances, can be 
formed only fór the rich (richness eláss R > 1) Abell clusters 
(Abell 1958). Further on we present results from the processing of 
a sample of rich clusters in the north galactic hemisphere, which 
is more uniformly covered by the cluster surveys than the south 
galactic hemisphere.

The north galactic hemisphere contains 1110 clusters and 
groups of galaxies with measured redshifts. Out of them 427 are 
rich Abell clusters. The completeness limits of the sample of rich 
clusters by galactic latitude and redshift are defined from the 
distributions of the number density of clusters as a function of 
galactic latitude and redshift, given in Figures 1 and 2, respect- 
ively. It is seen from Figure 1 that the effects of galactic obs— 
curation are nőt significant fór b > 40°. This value is chosen as 
completeness limit of the sample of R > 1 clusters. In order to 
avoid boundary effects near b = 40° the investigated volume is en- 
larged to b > 30°.

Figure 2 shows that the spatial density of rich clusters does 
nőt decrease significantly to z < 0.08, which is the completeness 
limit of the sample of R > 1 clusters. Here we enlarge the volume 
to z á 0.14 in order to avoid boundary effects, and because of the 
large number of clusters in the redshift rangé 0.08-0.14. Thus, a 
sample of 220 rich clusters with b > 30° and z <; 0.14 is formed, 
which is complete fór b > 40° and z < 0.08 (80 clusters).
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Fig. 1. Surface number 
density of rich clusters as 
a function of galactic lati- 
tude b fór 427 clusters with 
b > 0°.

Fig. 2. Spatial number 
density of rich clusters as 
a function of redshift z fór 
326 clusters with b > 30° 
and z < 0.20.

3. THE VOID-SEARCHING PROCEOURE

The search fór voids of clusters is based on the computation oi 
the distances from the nodes of a cubic grid, built in the inves— 
tigated volume, to the nearest neighbouring cluster of galaxies. 
Similar technics have been applied in studies of the voids in the 
distribution of galaxies by Aarseth and Sasiam (1982), and by 
Ryden and Turnét (1984).

To construct the grid we use a 3—0 Cartesian coordinate Sys
tem, centered in our galaxy, with x axis directed to 1=0 and 
b = 0°, y axis to 1 = 90° and b = 0°, and z axis to the north ga- 
lactic’pole. The grid constant is k = 20 Mpc. The distances to the 
clusters are computed from the Hubble law with Ho = 100 km s 
Mpc~l.

By computing the distances from every grid node tothe near
est neighbouring cluster the investigated sample space is trans- 
formed intő a discrete 3—D field d(x, y, z), where d is the dis— 
táncé from the node with coordinates (x, y, z) to thenearest 
neighbouring cluster. The local minima in this field indicate uhs 
regions of the clusters and the superclusters, and the local 
waxima indicate the Central regions of the voids of clusters.

The following criterion fór the selection of large voids is 
adopted: large void of clusters is an empty region, indicated by a 
local maximum d(xv, yu, zv) in the field of nearest-neighbour dis
tances d(x, y, z), which satisfies the conditions

(i) d(xu, yu, zv) > d(x, y, z), and
(ii) d(xu, yv, zu) > 40 flpc,
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where x = xv-k, xv, xv+k; y = yu-k, yv, yv+k> z “ zv-k» zv» zv+k 
(k is the grid constant).

Fór convenience, we call the voids satisfying condition (i) 
"closed" voids because they are surrounded more or less from all 
sides by clusters. In contrary to this, we may call the empty 
regions which do nőt satisfy condition (i) "open" voids in sense 
that they have nőt defined bpundaries from all sides. The applica- 
tion of the criterion fór "closed" voids allows the Processing of 
incomplete samples of objects with low probability of registratioh 
as voids of empty regions, which are due to sample incompleteness.

The maximai distance d(xv, yv, zv) gives the radius of the 
laroest sphere, which can be inscribed intő the detected void. The 
void itself may have a complicated form, bút the void-searching 
procedure in its present variant cannot define forms different 
from spherical. The elaboration of an improved modification, which 
will permit to define arbitrary void forms, is now in progress.

4. RE5ULTS AND DISCUSSION

Table I contains a üst of the detected voids of rich clusters of 
galaxies in the north galactic hemisphere (b > 30°) to the limit
ing distance of 420 Npc (z < 0.14). The first part of the table 
includes 12 "closed" voids. We have added to them 7 "open" voids. 
Only such "open" voids, which nearly satisfy the criterion fór 
"closed" voids, are included in the üst (i.e. 1-2 of the 26 
neignbouring nodes of the central node (xv, y , zu) may have dis- 
tances to the nearest neighbouring cluster> d(xv, yv, zy)).

The following data fór the voids is given in Table I: equato- 
rial and galactic coordinates of the void center in columns 2-5, 
distance to the void center in column 6, diameter of the void 
(i.e. of the largest sphere, inscribed intő the void) in column 7, 
angular dimension in column 8, indication fór the position of the 
void center in the investigated volume in column 9: "1" means that 
the void is in the nearer b > 40° and z < 0.08 part of the volume, 
where the analysed sample is complete, and "2" is fór the rest of 
the volume. Column 10 contains identifications with voids, detect
ed by 0ahcall and Soneira (1992a, b) and Satuski and Burns (1985)-

From examination of different cross-sections of the field 
d(x, y, z) one can see that many of the detected voids overlap 
each other, or they are connected by "tunnels", forming in this 
way larger voids, or "multiple" voids.

The voids which are in the nearer, b > 40° and z 0.08, part 
of the investigated space have higher probability of being reál 
voids. There are 6 such "closed" voids in Table I.

Figures 3 and 4 show two cross-sections of d(x, y, z), the 
first one perpendicular to the galactic piain (y = 0 Hpc), and th0 
second one parallel to it (z = 200 Mpc). The voids, whose centere 
lie in these cross-sections, are shown by the largest spheres in
scribed in them. Two "open" voids are seen in Figure 3 (No. 15 and 
19 from Table l), and 5 "closed" and "open" voids in Figure 4 
(No.No. 8, 11, 12, 14, 16 from Table l).
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TABLE I. Large voids of rich clusters of galaxies.

Void RA DEC 1 b R 0 A C Identif ications
N o . (h) (°) (°)( °) (í*lpc)(Mpc) (O)

"Closed" voids
1 9.3 55 162 43 262 175 37 2 BS VGlu, 3 8 3
2 10.8 29 202 64 245 96 22 2
3 10.9 27 207 64 201 106 29 1
4 11.1 15 236 63 157 88 31 1
5 12.2 39 153 76 185 88 27 1 (58 16)
6 13.0 15 315 77 123 116 51 1
7 14.5 50 90 60 161 100 35 1 SOOTES V0Ij, 3B 13
8 14.6 37 63 66 219 86 22 1
9 16.0 58 90 45 368 164 25 2

10 16.1 43 68 48 322 154 27 2
11 16.4 47 73 44 289 142 28 2 (33 24 )
12 16.9 64 94 37 329 172 29 2

"Open " voids
13 10.3 54 159 52 279 154 31 2
14 12.3 -4 288 58 237 84 20 1 BB 14, (BB 15)
15 12.4 31 180 83 161 88 31 1 3 B 16
16 12.7 63 124 54 247 86 20 2 88 21 ?
17 13.2 35 90 81 122 98 44 1 (SB 18)
18 13.6 46 101 69 279 130 26 2
19 14.4 10 0 61 206 90 25 1

Notesz BS = Bahcall and Bonéira (1982b)
8B = Batuski and Burns (1985) 
Brackets in last column mean "partly".

The distribution of the 12 "closed" voids of rich clusters of 
galaxies on the sky is shown in Figure 5 in Lambert equal—area 
Projection. The voids, given with their angular dimensions, are 
superimposed on the surface distribution of all rich Abell clust— 
ers with measured redshifts in the north galactic hemisphere. As 
it is seen from Fioure 5, most of the voids coinside with voids in 
the surface distribution of rich clusters with measured redshifts.

Somé of the detected voids of rich clusters of galaxies can 
be identified with voids, known from previous investigations. Void 
No. 7 (Table I) is the well known void in Bootes (Kirshner et al. 
1981; Bahcall and Soneira 1982a). Void No. 1, which is the largest 
void in our üst (176 Mpc), is part of the 300 Mpc void, discover- 
ed by Bahcall and Soneira (1982b). Ue have identified alsó more or 
less surely 8 voids from Table I with voids from the üst of Batu- 
ski and Burns (1985).

It has been already pointed out, that the voids of rich 
clusters percolate considerably, and this makes the determination 
of their dimensions and forms uncertain. However, if we assume 
ihat the largest spheres, inscribed intő the voids, approximate 
kiéli their reál dimensions and form, then we may conclude from the 
data in Table I that the large voids of rich clusters have dímens-
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Fig. 3. Ths Central cross-section (y = 0 Mpc) of the 
field of nearest-neighbour distances d(x, y, z). The co- 
ordinate system is centered in our galaxy with x axis 
directed to 1 = 0° and b = 0°, the y axis to 1 = 90° and 
b = 0°, and z axis to the north galactic pole. The grid 
nodes are shown only outside of the investigated volume 
by Symbol The blank squares (regions) inside the
investigated volume indicate 20 Mpc elementary cubes, 
containing one or more clusters of galaxies. Symbols 
"/" and "X" mark the regions, devoid of clusters, where 
the grid nodes have distances to the neares neighbouring 
cluster d < 40 Mpc, and d > 40 Mpc, respectively. The 
voids, whose centers lie in this cross-section, are 
shown by the largest spheres, inscribed in them (voids 
No. 15 and 19 from Table l).

ions in the rangé 100-200 Mpc. Most reliable are the estimates of 
the dimensions of the "closed" voids, situated in volume 1 
(b > 40° and z < 0.08; see column 9 in Table I). The mean 'diameter 
of these voids is 97 Mpc, while the mean diameter of the "closed" 
voids in volume 2 is 151 Mpc, i.e. about 50% larger. This is 
obviously due to the incompleteness of the sample of rich clusters 
in volume 2.

5. CONCLUSIONS

Rich clusters of galaxies with measured redshifts may be used as
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Fig. 4. Same as in Figure 3 fór a cross-section, 
parallel to the galactic piain, corresponding to 
z = 200 l^pc. The "closed" and "open" voids (No.No. 8, 
11, 12, 14 and 16 from Table l) with centers in this 
cross-section are indicated by solid—line circles and 
dashed-line circles, respectively .

tracer s of the large—scale distribution of luminous matter in the 
^niverse to determine the location in space of large regions, 
^hich are probably devoid of galaxies. About 20 such regions, 
candidates fór reál voids, are detected in the north galactic 
hsmisphere to a limiting distance of about 400 l^pc, somé of them
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Fig. 5. Distribution of the "closed" voids of rich 
clusters (see Table l) on the sky (north galactic hemi- 
sphere) in Lambert equal-area projection, superimposed 
on the distribution of all b > 0° rich clusters of 
galaxies with measured redshifts (427 clusters). The co- 
ordinate system is centered in the north galactic pole 
with x axis along 1 = 90° and y axis along 1 = 0°. The 
circles indicate the angular diameters of the largest 
spheres, inscribed intő the voids. The more distant 
voids are plotted "hidden" behind the nearer ones. The 
numbers indicate the positions of the clusters.

f 
known from previous investigations. The dimensicns of the voids ° 
rich clusters are of the order of 100-150 ílpc. They percolate and 
may form larger voids. The reality of the detected voids of rich 
clusters (as well as their dimensions and form) has to be veri- 
fied by further measurements of the distances to all unmeasured 



- 123 -

clusters in the background regions of the voids.
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A CATALOGUE OF BLUE STARS IN M33

G. R. I vanov 
Department of Astronomy, Sofia University, 
Anton Ivanov Street 5. 1126 Sofia. Bulgária

Abstract. A catalogue of blue stars was used to examine 
their distribution in M33. More than 5600 blue stars were 
detected and 1156 of them are candidate O stars. The slope 
of the luminosity function is derived. The maximum of 
stellar density occurs at the center of M33. The candidate 
0 stars predominate in the Central region and in the 
Southern spirál arm. The radial distribution of blue stars 
is briefly discussed.

1. Introduction
Humphreys and Sandage C19805 studied bright blue and red 
stars in M33. They published BV photometry of 488 blue stars 
and the spectra of the brightest stars. Extensive 
Photographic and CCD survey of M33 has been undertaken by 
Preedman C19845 using the 3.6 CFHT. Freedman C19855 has 
Pointed that U-V criterion is an extremely useful 
discriminator against foreground contamination. She obtained 
the luminosity function CLF5 and spatial distribution of 
7773 blue stars in M33.

In the present study we added UBV photographic photometry 
of about 2000 blue stars in the associations and in the 
Central region of M33. We obtained LF of the blue stars. Then 
*e discuss the radial distribution of blue stars in M33.

2. Observational data.
The present study is based on data described by Freedman 
<19845 and on a photometry of the 2m Rozhen telescope at the 
Bulgárián Academy of Sciences. Freedman scanned plates taken 
*ith 3. 6 m CFHT on automatic plate scanning machine C APM5 in 
Cambridge, England. She was obtained U,B and V magnitudes 
and positions of stars. W. Freedman very kindly pút at my 
^isposa! the computer catalogue which contains a stellar 
fll® with 20032 objects and another fiié with 45000 objects 
classified as nonstellar; many of them are unresolved stars 
*ith overlapping images, clusters, Hl I regions ect. The 
Stellar fiié was used in the present study. Most of the

Clusters and Associations" 
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stars in this fiié are nőt members of M33. A large 
contamination from the dwarf stars of our galaxy is seen on 
the coloui—magnitúdó diagram of Freedman (1985). If we 
accept Freedman’s criterion U-V < O, it is possible to 
eliminate the galactic foreground contamination. We selected 
3705 stars with U-V and U-B < 0 from the steliar fiié and 
called them blue stars. The completeness of this photometry 
Is V = 20 mag.

Photographic photometry was made independent 1 y on the 2 
m Rozhen telescope. The plates 30x30 cm giving a field 1 x 
1° cover M33 entirely. The conventional iris photometry was 
nőt suitable fór very crowded regions in the associations 
and near the center of M33. We used the photometer with an 
average constant síit 30 x 30 mk. The maximum density of 
star image was measured related to the mean background 
around it. A calibration curve was constructed fór each 
plate. We used the photoeIectric sequences of Sandage and 
Johnson (1974) and photoe1ectric data of Humphreys and 
Sandage (1980). The photoelectric observations of Hubble’s 
comparison stars made by Sandage (1983) were used to check 
the accuracy of our photometry. The mean dispersion of our 
calibrations is less than 0.1 mag. The stars were measured 
at least on two plates. A comparison of the magnitudes V, B 
and U obtained from different plates are accurate to 0.1 mag 
fór isolated stars bút the errors increase to 0.3 mag in the 
crowded fields and in the center of M33 . The photometry of 
objects in OB84 = NGC 604 was nőt possible. Their magnitudes 
were evaluated by eye compared to the photoelectric 
standards. Most of the stars measured on Rozhen plates are 
in steliar associations. Photographic U, B and V photometry 
of 2500 stars was made. It was used fór examination of the 
steliar associations in M33 (Ivanov, 1987). There are somé 
differences between the two photometries which we discuss in 
the next section.

Freedman (1985) has show that nearly all stars with U'^ 
< 0 are members of M33. This criterion is apparent the from 
colour - magnitude diagrams presented by Freedman. In the 
present study we selected 5603 stars with U-V < 0 and U-B < 
0 using APM and Rozhen photometry. Hereafter we cal 1 them 
blue stars.

3. Luminosity function.
A comparison of the luminosity functions obtained by APM and 
Rozhen photometries is show in Figure 1 and in Table 1. H 
is clear that APM photometry is an incomplete set of bright 
blue stars which predominate in the steliar associations- 
The machine did nőt measure crowded regions. The level of 
APM incompleteness increases approaching both 00 
associations and the center (Figure 2). The combinat ion of
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Table l.Luminosity functlons of Freedman's C1984) and Rozhen 
phot ome t r 1 es

V 15.2 15.8 16.2 1 6.8 17.2 17.8 18.2 18.8 19.2 19.8 20.0

KF) 0
NCR) 2

1 3 6 15 51 97 203 393 670 1082
1 18 35 55 102 244 471 705 322 13

------!------- j-------1------ 1-------1—
• logN 0

x Rozhen x * ° 
oAPM x ° x 

o
X o

X o 
X

X 
o

o 
0

X v
____ I-------1 i--------L. , 1

16
Figure 1. Luminosity functlons according to APM and 

photometrles.
Rozhen

x Rozhen 

oAPM
0.6 -Xx

0.2- x xoXyX

1 23 4 kpc

pigure 2. Radial distribution of blue stars. The APM 
Photometry is incomplete approaching the center of M33. The 
étimber of Rozhen stars at radius R > 2 kpc is smal ler than 

stars due to incompIeteness down 19.5 mag.

and Rozhen sets is complete up to 19.5 mag. The number 
°f blue stars in 0.5 interval blns is listed in Table 2. We
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consider three U-V criteria as 
< O, candidate OB stars - U-V < 

follows: blue stars with U-V 
-0.6 and candidate O stars -

Table 2. Luminosity functions 
interva

based on 
Is

different colour

U-V <0 u--V < -0. 6 U-V <-O. 9
Mag. V B U V B U V B U

15. 25 2 1 15 0 0 13 0 O 9
15. 75 2 4 32 0 2 29 o 1 14
16.25 21 19 51 17 15 38 8 6 17
16. 75 41 42 124 26 33 1OO 9 15 66
17. 25 70 72 278 42 41 232 13 16 157
17.75 153 148 484 91 106 389 44 64 236
18. 25 341 310 781 224 211 584 121 113 278
18. 75 674 649 913 424 452 560 203 254 176
19. 25 1098 1026 825 702 679 420 311 289 121
19. 75 922 850 953 531 519 441 202 203
20. 25 1095 860 835 497 458 120 139 122
20. 75 1184 914 311 373 316 106 57
21.25 538 77 7
21.75 148 14 6
22.25 21 3 2

U-V < -0.9. The luminosity funct ions based on these criteria
are shown in Figure 3. The straight parts of the luminosity
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functions are in 16 < V < 19.5 mag. interval. A least square 
fits the slopes dC 1 og bö/d mag = 0.60 + 0.02 fór blue stars 
where N is the number of stars in the 0.5 mag interval bins. 
This slope is appropriate fór different U-V criteria. ,11 
seems that U-V < 0 is a good criterion againsl the
foreground contamination stars. Fór each U-V colour 
criterion the slopes of the luminosity functions in U, B and 
V are nearly the same within the errors. If we accept an 
apparent distance modulus 24.8 the straight part of the 
luminosity function corresponds to -8. 5 < My < - 5.5. Our 
slope of luminosity function is close to the one fór the 
solar neighborhood found out by Blaha and Humphreys C1988). 
We agree with Freedman’s conclusion that the luminosity 
function of galaxies does nőt vary significant1y.

4. Radial distribution
Figure 4 shows the radial distribution of blue stars on the 
rectified plot of MSB. We accept the tilt angle i = 57 , the

Figure 4. The radial distribution of stellar density and 
integrál magnitude V on the rectified plot.

Position of major axis = 22° and the true distance- modulus =
24.2. The distribution shows a peak around the nucleus. The 
taximum of stellar density within the radius of 0.2 kpc is 
<06 stars per kpc2. This value is accepted to be equa 1 to 
the unit in Figure 4. Candidate O stars and B supergiantnts 
Predominate there. The radius 0. 3 < R < 2. 0 kpc corresponds 
to the inner part of the two main spirál arms where the 
value of star density is lower than that the cehter.
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Multiarm spirál features correspond to 2 < R < 4.4 kpc while 
the outer diffuse disk of the galaxy 4. 4 < R < 7 kpc. The 
distribution of the integrál magnitude V is alsó shown in 
Figure 4. It is similar to star density distribution.

0.4

0.2

15

10

5

0.6

Figure 5. The relatíve number of candidate OB and O stars 
a..d ratio blue-to red stars depending on the radius from the 

center.
Figure 5 shows the radial .distribution of the ratio® 

candidate O with U-B < -0.9 to blue stars 0/8 and candidate 
OB with U-B < -0.6 to blue stars OB/B. The main sequence 0 
stars dominate in the latter sample while the OB sample is 
a mixture of 0 stars and B supergiants. The number of O and 
OB stars increases to the center of M33.

There are more stars in the Southern region than in the 
northern. The ratio south/north is 1.39 fór blue and 
stars and 1.58 fór O stars. There is an additional'^ 
population of luminous blue stars with V < 17 mag in the 
Southern region (65X3 and 35 X in the north as could be seen 
in Table 3. It is clear that there is a deficiency of OB and 
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O stars in the north. A similar asymmctry has been noted by 
Berkhuijsen (1983) and Freedman (1984).

5.Discussicn
We used three different U-V crlteria to obtain the slope of 
the luminosity function. It does nőt differ fór the three 
samples. The mixture of O stars, 9 and A supergiants in the 
first sample has nearly the same slope as the upper main 
sequence O stars in the 1 áttér sample. Consequently the 
slope of the luminosity function does nőt depend on a 
fraction of evolved 8 and A supergiants. Berkhuijsen and 
Humphreys (1988) obtained flatter luminosity function fór 
the sample of B and A supergiants than that of O stars. 
Probably the fraction of the evolved stars in M31 is larger 
than in M33. Our value 0.60 is close to the average slope of 
the luminosity functions (0.67) found out by Freedman 
(1985). On the other hand, Blaha and Humphreys found out a 
slope of the luminosity function in U = 0.62 fór the solar 
heighborhood 0.62. This value is nearly the same as our 
slope. Berkhuijsen and Humphreys (1988) obtained a slope = 
°.72 in M31 fór the O stars. Hodge et al. (1988) suggested a 
flatter slope 0.53 fór a smal1 region in M31. Unfortunate1y 
the luminosity function in M31 suffers from small number 
stat ist ic.

The surface density of blue stars and integrál magnitude 
7 in M33 decrease exponentialIy from a maximum at the center 
similar to that of the integrated blue 1ight (Vaucou1eurs. 
1959). The other constitucnts as Hl I regions, WR stars, 
Clusters, stellar associations and thermal rádió emission 
a 1 so fali out exponent i a 1 I y outwards except Hl and 
honthermal rádió distribution (Berkhuijsen, 1983; Freedman, 
1984) .

The Hl distribution is fiat in the inner part of M33 
(Newton,1980). This fact proposes that the rate of star 
formation at the center is nőt proportional only to the gas 
density. There might exist more effective mechanism of star 
formation than in the outer regions. Gruz-Conzal ez et 
al-(1974) obtained the density of O stars = 20 per kpc fór 
solar neighborhocd. The density of candidate O stars at the 
Center of M33 is ten times higher. It is evident that the 
festést rate of star formation is in the nuc 1 eus region of 
Mas.

The maximums of O stars at 1 - 1.5 kpc in Figure 5 is due 
lo the Southern spirál arm. They outi iné a bánd about 100 pc 
*ide and 2 kpu 1 ong at the inner bordér of SÍ. The first 
Qb>servat ional ívidences fór spirál wave density theory were 
Provided by Dubout-Cri11on (1977). Our data support this 
Sü&gestion. However, the distribution of the most luminous 
b>ue stars does nőt support this theory. The blue stars with 
\ < -7 outline a diffuse and wide spirál arm without any 
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age gradient. It seems that the star formation of the most 
massive stars beglns beyond the front of the wave density.

It is clear now that a Se galaxy as M33 is richer of 
bright blue supergiants, O stars and stellar associations 
than a Sb-type galaxy as M31. In the present study we 
confirm the conclusion that the brightest stars in M31 are 
fewer and fainter than those in M33 (Berkhuijsen and 
Humphreys. 1988 and Nedialkov et al. , 1989).
Table 3. The brightest blue stars in M33.

R. A. D V B-V U-B RÉM.

1 31 17. 8 30 34 56. 2 15. 00 0. 40 -0. 40 Q8
1 30 45. 8 30 20 39.3 15. 20 0. 30 -O. 40 var C
1 31 6. 5 30 30 9.3 15. 20 0. 00 -0. 20 8324,M
1 30 50.8 30 13 24. 3 15. 87 0. 42 -0. 66
1 31 1.0 30 23 13. 7 15. 90 0. OO -0. 20 b246
1 30 21.9 30 29 54. 3 16. 10 -0. 40 -0. 70 ns
1 30 56. 8 30 21 32. 5 16. 10 0. OO 0. 00 TU,M
1 31 50. 8 30 30 41.7 16. 10 0. OO -0. 70 8552,M
1 30 52.0 30 7 14. 3 16. 10 0. 10 -0. 90 110A.D
1 31 3. 3 30 1 7 47.9 16. 20 -0. 10 -0. 90 5A,M,A3Ia
1 30 59.8 30 36 31.5 16. 20 0. OO -0. 80 B255,ns
1 30 13. 8 29 55 58.6 16. 20 0. 20 -0. 90
1 31 17.1 30 26 26.5 16. 30 -0. 30 -O. 60 B416.M
1 30 46.8 30 46 13. 5 16. 30 —O. 10 -O. 40 B158
1 31 9. 3 30 20 5. 8 16. 40 0. 10 -1.20 B457.M
1 31 26.9 30 36 34.1 16. 40 0. OO -1.30 n, M
1 30 50. 6 30 23 5. 7 16. 40 -0. 10 -O. 30 M
1 30 22.7 30 23 31.9 16. 40 0. OO -1.00 b287
1 31 44. 0 30 31 44.9 16. 40 0. OO -1.60 n
1 31 10.6 30 7 38.2 16. 40 O. 1O -O. 70 1
1 30 22. 0 30 33 35. 4 16. 40 0. OO -O. 60 B92a
1 31 1.6 30 22 58.5 16. 40 O. 20 -0. 90
1 30 59. 9 30 22 48. 5 16. 40 -O. 40 -O. 20 varB
1 31 27. 3 30 1 6 5. 2 16. 40 0. 30 -0. 70
1 30 59.6 30 26 59. 7 16. 46 0. 54 -0. 89
1 31 21.5 30 19 16. 8 16. 46 0. 26 -1.17
1 31 28. 9 30 23 16. 2 16. 48 0. 20 -1.25
1 30 22.7 30 19 O. 1 16. 50 0. 00 0. OO 857, D
1 30 39. 6 30 32 22. 9 16. 50 0. OO -O. 70 8133
1 30 23.4 30 24 54. 2 16. 50 0. OO -0. 20 TI
1 30 44. 4 30 26 10.5 16. 50 0. 10 -0. 50 B167a
1 31 18.9 30 23 41.7 16. 50 -0. 20 -0. 30 96A=HS05
1 31 28. 9 30 23 1 6.2 16. 50 O. 20 -1.30 va r2
1 31 21.5 30 19 16. 8 16. 50 0. 20 -1.10
1 31 10.6 30 18 33. 9 16. 60 0. OO -O. 90 B466.M
1 31 8.9 30 17 59. 9 16. 60 0. OO -0. 40 D
1 31 8. 5 30 17 41.7 16. 60 0. 10 -0. 30 B475
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Table 3 Ccontinued) .

R. A. D V B-V U-B RÉM.

1 29 53. 7 30 23 24.2 16. 60 -0. 30 —O. 50
1 31 0.7 30 26 5.1 16. 60 0. OO -1.00
1 31 21.1 30 30 28. 1 16. 60 0. 20 -O. 60
1 31 10.2 30 7 48. 6 16. 60 0. 20 -0. 50
1 30 11.1 30 7 59.5 16. 60 -0. 20 O. 10 117A
1 31 1.4 30 23 14.2 16. 60 -O. 40 -O. 40
1 30 7. 2 30 23 22.3 16. 62 -O. 74 -O. 10
1 30 23. 4 30 24 54.2 16. 67 0. 02 -O. 24
1 30 7. 2 30 23 22. 3 16. 70 0. 20 -1.10 B26
1 30 44. 9 30 26 15. 1 16. 70 -0. 20 —0. 70 B170
1 30 44. 2 30 26 10. 5 16. 70 0. 1O -1 . OO Q1
1 31 43. 5 30 31 39. 3 16. 70 -O. 10 -0. 60
1 31 26. 7 30 18 24. 1 16. 70 0. OO -0. 90 8526
1 30 27. 1 30 37 28. 1 16. 70 O. 70 -O. 90 8103
1 31 3. 0 30 23 39.3 16. 70 -O. 70 O. 30
1 30 53.8 30 23 46. 3 16. 70 -O. 10 -0. 80
The designation of b 1ué stars of Humphreys and Sandage

(1980) was used. The letters ns , n and M correspond to
objects suspected as nonstellar, nebulous and multiple.
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ASSOCIATIONS IN M31 ANO M33

N. S. NIKOLOV 
University of Sofia 
Faculty of Physics 
Department of Astronomy 
Anton Ivanov Street 5 
1126 SOFIA, Bulgária

ABSTRACT. A review of the studies of groups of luminous stars in the 
nearby galaxies M31 in Andromeda and M33 in Triangulum on the hasis of a 
Photographic observational matéria! taken by the 2-meter Ritchey-Chré- 
tien telescope of the Bulgárián Academy of Sciences is made.

One of the important points discussed is about the natúré of the 
Sroups of bright stars in M31 and M33. Efremov et al. (1987) came to the 
conclusion that the recognized by van den Bergh (1964) on the Tautenburg 
Schmidt plates associations in M31 are nőt associations bút mostly star 
complexes. The by Efremov et al. newly recognized associations in M31 
show a size distribution which resembles that of the Large Magellanic 
Cloud. Their mean diameter is near to the mean diameter of the 
associations in the Small and Large Clouds, as well as that of our 
Galaxy. Such a revision of the distinguished by Humphreys and Sandage 
(1980) associations in M31 was made by Ivanov (1987), who came to 
analogous results.

Photometric measurements of the bright stars inside and outside. of 
the groups of young stars mainly in M31 are used fór the construction of 
colour-magnitude diagrams of those groups. Somé characteristics of the 
associations, obtained írom these diagrams show different behaviour in 
different spirál arms. Fór the arm S4 that behaviour agrees with the 
Predictions of the density wave theory.

INTRODUCTION: One of the projects carried out by means of 
the 2-meter Ritchey-Chrétien (RC) telescope of the National 
Observatory of the Bulgárián Academy of Sciences is the 
Investigation of nearby galaxies. One of the most important 
°bjects in these galaxies are the associations of young 
luminous stars because of the allowance they give to study 
the structure of the galaxies and somé aspects of star 
formation in them. The limiting magnitude ( » 20.5m in U and 
v and ^=.21.5m in B) and the plate scale (12.8" mm'1 on 30x30 

ch Plates fór lQxl° field) of the RC telescope are very

Clusters and fcsmaicns"
^4 Astnri. Dep. Sxm Univ.

axiapest (1990) 
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appropriate to discern the groups of the bright stars in the 
galaxies M31 in Andromedae and M33 in Triangulum and to 
construct the uppermost parts of the main sequences of the 
colour-magnitude diagrams.

In M31 van den Bergh (1964) recognized on plates of the 
2-meter Tautenburg Schmidt (scale 54" mm 1) 188 vast groups 

of bright stars he called OB-associations. Humphreys and 
Sandage (1980) on plates of the 5-meter Halé reflector 
(11.06" mm’1) distinguished 143 such groups in M33 alsó 

called by them associations.
The U-plates of the 2-metér RC telescope allowed to 

separate 54 new associations in M33 (Kunchev and Ivanov, 
1984). An attempt in this direction fór M31 revealed nőt 
only new associations (Efremov, 1982a; Efremov et al., 1985) 

bút gave the possibility to distinguish in more detaiis 
different groups of stars with high temperature and 

brightness.

Groups of high temperature luminous stars in M31. N e a r 1 y 
20 years ago Hodge and Lucke (1970), comparing the size of 

catalogued by them 122 associations in LMC (Lucke and Hodge, 
1970) with the size of the 188 van den Bergh's associations 
in M31, which are on an average more than about five times 
larger than that in the LMC, stated that "selection effects 
may alsó explain the differences between the siz® 
distribution of stellar associations in M31 and that fór the 
LMC. The vast majority of the LMC associations are smaller 
than 150 pc, whereas almost all of the M31 associations are 

larger than this. Possibly because of the limitation 
resolution and because of a different set of rules 
discrimination, the M31 survey did nőt include many 
associations that may exist with diameters smaller than this 
limit". Later on discussing the same matter Sharov (1982) 

pointed out that with the term "associations" one may name 
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different objects and that "when they compare the 
associations in different galaxies it is necessary to be 
síire that they deal with one and the same kind of objects". 
After a more detailed study Hodge (1985) concluded that "the 
differences in the published characteristics of the samples 
arise from the use of different observational matéria! and 
selecrion criteria" and that "the difference is probably nőt 
reál". Beating in mind the above cited inferences and taking 
intő account Efremov's (1982b) suggestion that most of van 
den Bergh's associations in M31 are star complexes, he terms 
thus very large groups of young stars, which may contain 
star clusters and associations (Efremov, 1978, 1979), as 
well as cepheids, as important indicators (Efremov, 1978, 
Efremov et al., 1981), a new search of groups of bright 
stars in M31 was undertaken using the more appropriate fór 
this aim observational matériái from the 2-meter Bulgárián 
telescope. Before that an attempt to define more precisely 
the criteria fór discriminating an association on a 
Photograph of a nearby galaxy as M31 was made (Zlatev and 
Ivanov, 1985). The main results are as follows (Efremov et 

al., 1987).
On U-plates were distinguished 210 groups of bright 

stars, which in majority appear as subclusterings of the van 
den Bergh's associations (only 15 are outside the boundaries 
of them), which are considered as just OB-associations. We 
find thirteen of them in the list of the open clusters by 
hodge (1979). The normalized distribution of the measured 
along the major axis of M31 diameters of the thus newly 
diseriminated associations is almost the same as fór the LMC 

associations (Fig. 1.).
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Fig. 1.

As fór van den Bergh's associations we consider the majority 
of them as star complexes. An independent delineation of 
star complexes taking intő account nőt only the surface 
density of the resolved on our B-plates stars, bút the other 
considerations connected with the physical means of the term 
star complex divorces many of van den Bergh's associations 
on two or more complexes, The mean diameter of these 
complexes (measured along the major axis of M31) is 650 Pc> 
close to bút greater than the mean diameter of star group3 
denoted by van den Bergh, as associations, which is 480 pc.
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After the paper by Efremov et al. (1987) they may 
conclude that the sizes of the associations in the Galaxy, 
the LMC and SMC (Hodge, 1985), as well as in M31 are very 
close one to the other. Their mean diameter is about 80 pc. 
Only the associations in M33 appeared to be larger with a 
mean diameter of about 200 pc after Humphreys and Sandage 
(1980). This situation was revised by Ivanov (1987). He 
inspected plates taken with the 2-meter RC telescope of the 
Bulgárián National Observatory and succeeded to distinguish 
about 460 - the smallest resolved star groups. Their size 
distributions, as their mean size, resemble those of the LMC 
and M31 and this fact shows that these star groups are 
identical with the associations in the other nearby 
galaxies. Often 2 or 3 associations in M33 form larger 
groups and such groups are named associations by Humphreys 
and Sandage (1980). Ivanov estimated the mean size of these 
larger groups as 250 pc. Moreover Ivanov (1987) reecognized 
55 star complexes with a mean size along the major axis of 
M33 of 570 pc, which is near to the mean size of the star 

complexes in M31.
The paper by Ivanov (1987) together with the other 

Papers, which show the sizes of the different groups of 
luminous stars in the nearby galaxies arise once more the 
question whether the obvious discrimination of sizes 
Poughly 100, 200, 600 pc - is by chance or the cause of this 
feature is the star formation mechanism (see Efremov et al. , 

1?87) .
Colour magnitude diagrams. The photographic photometry 

Of the separate stars belonging to a group in a nearby 
galaxy allows the construction of the uppermost parts of its 
colour-magnitude (CM) diagram. Evén only such a part of the 
diagram with a great dispersion in addition gives the 
Possibility to obtaine somé important characteristics of the 
^easured group, although with great uncertainties. T.hese 
characteristics fór a number of associations, situated in a 
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part of the galaxy, give the possibility to récéivé somé 
idea about structural and evolutlonary features of this 
part.

With the above mentionod considerations in mind the 
group at the Department of Astronomy of the University of 
Sofia, studying nearby galaxies, constructed the 
colour-magnitude diagrams fór a number of groups of bright 
stars mainly in M31. In M33 up to now have been investigated 
only a few groups.

M33 associations. About ten years ago Humphreys and 
Sandage (1980) were the first to construct the CM diagrams 
fór six of the associations, recognized by them in M33. 
Using the turnoff points, as well as the calculated 
evolutlonary tracks, they estimated the ages of the six 
associations to be about 5x10^ years. Although with an error 

of about 0.5 mag they determined the turnoff points and 
estimated its ages to be in a rangé of (4-6)xl0^ years, 

independently of their situation along and across the spirál 
arms of the galaxy.

Few years ago Kunchev and Nikolov (1986) investigated 
photometrically three fields, situated in the Southern 
region of M33 - namely the associations 110 and 112 from the 
list of Humphreys and Sandage (1980) plus a star-field (SA) 
situated in proximity of the associations covered uniformly 
with relatively faint stars. A preliminary announcement fór 
the photometry of 0B 112 has appeared earlier (Kunchev and 
Ivanov, 1985). More than 60 stars in 0B 110, 90 in 0B 112 
and 50 in Na were photometried in UBV and CM and two-colour 
diagrams were formed. Using the constructed by Hodge (1983) 
calibration between the age and the absolute magnitúdó M^ of 

the brightest mainsequence star of star clusters it was 
determined that the age of 0B 110 is 4.2x10^ years, whereas 
of 0B 112 it is 6.5x10^ in agreement with the ages of other 

associations in M33.
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M31 associations. The modern study of the CM diagrams of 
groups of bright stars in other galaxies began with the 
paper by Baade and Swope (1963), in which a CM diagram of 
the brightest stars in Baade's Field IV in the Andromeda 
nebula is given, as well as the CM diagram of the so called 
by them "Big Association", listed later on with number 184 
by van den Bergh (1964). The CM diagram of van den Bergh's 
richest OB 78 association was obtained by van den Bergh 
(1966) on the plates taken with the 84" Kitt Peak telescope. 
Once more Baade's Field IV was studied photomerically and 
the CM diagram of OB 184 was obtained by Racine (1967) and 
somewhat later on by Humphreys (1979) with CM diagrams of OB 
184 and OB 185 as a result.

So it is evident that when they began to study M31 by 
means of the 2-meter RC only few papers, devoted to the 
photomerty of the bright stars in the Andromeda galaxy 
existed. The first one who used the observational matéria! 
of the 2-meter RC together with such a matéria! taken with 
the 1-meter reflector of the Institute of Astrophysics of 
the Tadzhik Academy of Sciences and obtained preliminary CM 
diagrams fór 4 associations in M31 was Efremov (1982a).

Using observational matéria! from the 2-meter RC 
telescope Ivanov and Kunchev (1985) concentrated their 
attention on the CM diagrams of the associations in the 
spirál arm 54 of M31. Obtaining the ages of the associations 
using Hodge's calibration they found out a pronounced age 
Qradient nőt only across, bút alsó along the spirál arm 54.

An extensive photometry of nearly 700 stars in the UBV 
in the spirál arm 54 was carried out by Ivanov (1985 a, b) 
mainly to obtain the behaviour of somé characteristics of 
the associations across the arm. T-he main results are that 
the number of stars, as well as their mean magnitudes and 
colours decreases from the inner to the outher edge of 54 
which agree with the earlier results obtained by Efremov and 
Ivanov (1982), whereas the age increases toward the outer 
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edge, which is in agreement with the density wave theory 
too. Another prediction of this theory was confirmed by a 
study of the absorption across the arm 84, which shows a 
cocentration of the absorbing matter at the inner edge of 
the arm (Ivanov and Golev, 1984).

An investigation of the surface brightness behaviour in 
UBV across nőt only the arm 84, bot other spirál arms of M31 
as well was carried out on the plates taken with the 50-cm 
Schmidt telescope of the National Observatory by Georgiev 
and Ivanov (1985). The results are that the surface 
bightness increases toward the inner edges of the arms 3, 4
and 5, whereas fór the arms 6 and 7 the maximum of the 
surface brightness is around their middles.

A photometric study of the bright stars in the
associations 08 54 and OB 56 in the spral arm N4 shows that 
the luminosity, as well as the surface density of the stars 
increases toward the inner edge of this arm, which agrees 
with the density wave theory too (Ivanov, Nedyalkov and 
Kunchev, 1986). Bút since the gardient of luminosity is nőt 
so pronounced as in 84, the authors supposed that in 
different groups of stars, especially in OB 54, there are 
different star formation mechanisms.

More than 1000 bright stars inside and outside the 
associations in the spirál arm 85 of M31 were 
photometrically studied using UBV plates recently by Nikolov 
and Tasheva (1989) by continuing the photometry of the same 
arm carried out by Kurtev (1985) and Kurtev and Ivanov 
(1986). The CM and the colour-colour diagrams fór about 
twenty associations were constructed. The behaviour of the 
derived colour excesses ED twelve of these associations 
containing about 20 and more stars show an increase of the 
obscured matter in the Southern edge of 85 in comparison 
with its other parts. Along 85 the absorption increases 
though nőt so steeply as in 84 after Ivanov (1985) and 
Ivanov and Kunchev (1985). The ages • of the studied 
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associations, obtained by means of Hodge's (1983) 
calibration, do nőt show either an increase along the arm 
85, or across it, which is quite different with the 
association age behaviour in the arm 84 (Ivanov and Kunchev, 
1985). The ages of the associations in the arm 85 are from 
0.9x10^ to about 1.7xl07 years. In generál the ages fór the 

associations in M31 are greater than those in M33 which may 
be in agreement with the conception that M33 as an Se galaxy 
is younger than M31 as an Sb galaxy.

The ratio of the blue to red supegiants 0/R in the 
associations of 85 does nőt decrease along the arm 85. The 
main value of this ratio fór the associations of 85 is about 
4, as it was derived by Kurtev and Ivanov (1986). If we 
accept the mean ratio fór 84 from the paper by Efremov 
(1982a), which is about 15, and fór 86 from Baade and Swope 
(1963), we can conclude that the ratio of the blue to red 
supergiants increases with the distance from the center of 
M31, as was concluded earlier by Efremov (1982a) and Kurtev 
and Ivanov (1986). Bút it is necessary to take intő account 
that the eriteria fór the selection of red supergiants in 
the different papers are different. So we think that such a 
conclusion is yet rather hasty. A conclusion that on an 
average the ratio B/R is smaller fór M33 (Humphreys and 
Sandage, 1980) appears more reliable, which may be 
interpreted as an inference that M33 is younger than M31.

The most luminous stars. The comparison of the photo- 
metric characteristics of the stars in somé investigated 
nearby galaxies with those of the Milky Way shows 
similarity. So Kunchev and Nikolov (1986) show that the 
integrál absolute magnitudes of the association OB 110 and 
08 112 in M33 are comparable with the integrál absolute 
magnitude of the groups of bright stars in our Galaxy and 
M31. The same conclusions are drawn by Nikolov i and Tasheva 
(1989). These authors concluded that the brightest stars in 
M31 are as bright as those in M33 and our Galaxy in 
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agreement with the analogous conclusion by Kunchev and 
Ivanov (1986), who added alsó the Magellanic Clouds. Efremov 
and Ivanov (1987) show that the absolute magnitude of the 
brightest red supergiants in M31 is Mv?ü-8m. Sandage and 
Tammann (1974), obtained M=-7.9+0.1 mag fór the red 
supergiants in galaxies with various luminosities, as it was 
obtained by Humphreys (1983) too. The recept result of 
Sandage (1985) is that M of the red supergiants ranges from 
»-7 to csí-9 mag, when the luminosities of parent galaxies 

rangé from 13 to »-22 mag. As fór the blue supergiants 
Sandage (1985) obtained Mg from about -6.5 to about -10 mag 
fór the same rangé of the luminosities of parent galaxies. 
These results are in connection with the use of the 
brightest stars as distance indicator. The recent result 
obtained by Golev, Ivanov and Kunchev (1987), who applied a 
noise-reduction followed by an image enhancement technique 
and showed that somé of the brightest blue stars in M33 are 
nőt stars bút stellar groups - double or multiple stars or 
even star clusters - brings difficulties in the practical 
use of the brightest stars in other galaxies as indicators 
of its distances.

CONCLUSION: The reviewed investigations of the brightest 
luminous stars in the two nearby galaxies M31 and M33 
allowed the drawing of somé interesting conclusions on the 
existence of different -groups of bright stars in the studied 
galaxies, on somé features of the stars in somé arms of M31, 
which agree with the predictions of the density wave theory 
and with somé age characteristics of the stellar groups and 

the galaxies themselves.
The obtained results show the good opportunities 

provided by the 2-meter Ritchey-Chrétien telescope of the 
Bulgárián National Observatory. Perhaps the most important 
result is that all that is achieved provides a reliabie 
basis fór future investigations.
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BRIGHT ASSOCIATIONS in M33

G. R. I vanov

Department of Astronomy, Sofia University, 
Antón I vanov Street 5, 1126 Sofia, Bulgária

Abstract. Bright steliar associations in M33 were selected. 
Their coordinates,' integrál properties, sizes, the number of 
blue member stars and Hl I regions are tabulated. The 
questions related to their star content, ages, distribution 
and star formation are briefly diseussed. The steliar 
associations are compared to similar samples in nearby 
galaxies.

1 . int roduct i on 
Associations indicate the sites of active massive star 
formation. A typical bright association in the Oalaxy is Őri 
OBI. It contains four subgroups. The diameter of the oldest 
group is 50 pc and of the youngest CTrapezium cluster) 
0.05 pc. Blaauw (1964) obtained the difference in ages of 
subgroups in Őri OBI 3x10 yr. The Őri OBI is the best 
examined group in the Galaxy and it is a good example fór a 
young steliar association.

The aim of the present paper is to define ‘the bright 
associations in M33 similar to Őri OBI.

2. Observational data
compijed a computer catalogue of 2485 bright stars in M33 

*hich contains the steliar coordinates their UBV magnitudes. 
The photographic photome.try was made on 2m RCC Rozhen 
telescope. The catalogue is complete up to V » 19.5. We 
selected 196S stars with U-V < 0. Hereafter we calí them 
blue stars. Freedman C1985> has shown that this criterion 
®liminates the foreground stars. We accepted an appárent 
bistance modulus of M33 Cm-^AV = 24.5. From that föl 1 ow 
that OB stars .and blue supergiants brighter than Mv = - 5 
^ominate in our sample. They are the main constituents of 
steliar associations.

3. Criteria fór selection of bright associations
^e accepted a distance of M33 700 kpc. Table 1 gives 'somé 
Integrál properties of four subgroups pf Őri OBI if they

C/usters dal dssoáatiais'

toMn. Dep. Eötvös Mv
^-lO, Budapest (1990) 
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were in M33 based on Humphreys’ C1980) data. The oldest 
subgroup could nőt be detected on our plates. The two 
younger subgroups b and c could be observed as cores with 5 
and 3 stars.
Table 1. Observationa1 properties of subgroups Őri OBI at 

700 kpc based on Humphreys’C1980) data.
Subgroup ab c Trapezium

Size 15” 8” 5” 0.1”
No 0 5-31
Age 10öyr 8 5 4 0.5

Trapezium cluster with HU region C2 pc) would look as 
peculiar star-like image < 1”. Őri OBI would be observed as 
an association with two subgroups and one nonstellar object 
CTrapezium) with V = 18.5. OB associations in M33 contain 
about 60 candidate objects similar to Trapezium cluster. We 
cal 1 them multiple stars. The gradient mask analysis of the 
nine brightest blue stars in M33 suggests that they are 
compact group of star images CColev et al. ,1987). The 
brightest blue stars with < -6.5 and U-B < -0.6 are 
candidate multiple stars. All these objects are within the 
brightest cores of OB associations. Probably the multiple 
stars are massive tight young clusters.
Table 2. Integra! properties of Őri OBI at distance 700 kpc

Vt SIZE No BR/B O/B HU Multiple

14.1 30” 8 0.33 0.62 YES 1
. • 2V is the integrál magnitude per arcmin . 

T
SIZE - mean size of Őri OBI in arcmin, No - number of blue 
stars.
ER/B - ratio of the bright stars with Mv < - 7 to the blue 
ones.
O/B - ratio of the candidate O stars C U-V < -0.9) to the 
blue stars.

Table 2 contains the main integrál properties of Őri 0B1 
at 700 kpc. We included only the stars with < -5 because
this sample is complete in our catalogue. We conc1 üde that a 
region of active star formát ion should look as C>B 
association with size 30”. This association contains two or 
more subgroups, a HU region and a multiple star. The 
integrál magnitude V is a measure of blue star 

T
oonoentratIon. The young aeaooiationo in the Galaxy contain 
a smal1 subgroups while the blue stars are distributed a* 
random in the older associations. Compact associations i11 
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M33 with a coro structure and smal 1 size should be younger 
than associations with large dimensions and without cores . 
Assuming an expansion velocity of 5 km/sec, we obtain that 
the ages of associations with sizes 10 and 1OO pc are equal 
to 2x10ö and 2x10?. We used the ratios OZB and BRZB as 
additional criteria. The candidate O stars in our catalogue 
Mv < -5 and U-V < -0.9 are younger than =£ 4xlOö. The 
concentration of O stars is a good indicator of the 
associát ion’s youth. According to evői útion theory they have 
to predominate in younger 0B associations. The blue luminous 
stars CMv < -7 and U-V < 05 are younger than 7x10°. Other 
young star formation indicators are HU regions and WR 
stars. WR stars are luminous young objects with masses > 
40Mo- Finally we accepted seven criteria: V^< 14.1, size < 
1OO pc, BRZB > 0.3, OZB > 0.5, No > 3, presence of a HU 
region and a WR star or a multiple star. If an association 
has five properties coinciding with these criteria we 
consider it as a bright association.

4. Results
Table.'3.The integrál properties of bright blue associations.
RAC1S50) * DC1950) V SIZE BRZB OZB No ÁSS HII RÉM

1 31 12.1 30 21 7 14. 4 95 O. 33 O. 44 9 la* 1OO M
1 31 12.4 30 20 38 14. 3 57 0. 00 0. 67 6 lb* 1 WR
1 31 3. 7 30 20 7 14. 3 102 0. 25 O. 25 8 2a 4,5 WR
1 31 4. 4 30 20 8 12. 6 36 0. 14 0. 71 7 3a 1O M
1 31 9. 4 30 19 00 13. 6 82 0. 24 0. 71 17 4a* Z1A WR
1 31 6. 9 30 18 55 14. 6 60 O. OO 0. 50 4 4b* 11 WR
1 31 9. 5 30 18 34 13. 3 68 0. 22 0. 67 9 4c* 8A WR
1 31 8. 4 30 17 59 11.5 38 0. 67 0. 33 6 5a — WR
1 31 8. 7 30 17 45 12. 2 50 0. 38 0. 38 8 5b 7037 M
1 31 4. 9 30 17 50 13. 1 41 0. 50 O. 25 4 6a 13 M1 30 57.8 30 17 37 14. 2 TT 0. 29 0. 71 7 8a* 17
1 30 53. 1 30 17 37 12. 0 20 0. 00 0. 75 4 9c* Z10 WR
1 30 55. 0 30 16 47 13. 7 51 0. 40 0. 20 5 10a 1502
1 30 54. 1 30 16 25 13. 7 52 0. 40 0. 60 5 10b 1502
1 30 50. 1 30 17 11 14. 1 45 O. OO 0. 60 5 11a* 200
1 30 50. 6 30 15 58 14. 4 190 0. 29 0. 62 21 12a 204 WR1 30 45.6 30 16 51 14. 7 59 O. OO 1. OO 4 13a* 208 WR1 30 45. 0 30 18 31 11.8 26 0. 20 O. 80 5 14a* 2209.Z132 M
1 30 40.8 30 16 25 10. 7 12 0. 67 O. 67 3 15a* 211 WR
1 30 26.8 30 16 44 12. 9 53 0. 80 0. 40 5 17c Z123A1 30 25.8 30 17 8 13. 9 35 0. OO 1.00 3 17d* 215 WR1 30 22.0 30 18 51 13. 4 57 0. 20 O. 40 5 18a Z116 WR1 30 12. 1 30 13 42 13. 8 61 0. 67 O. OO 3 2Oa 2301 30 10. 6 30 19 15 13. 5 37 0. 33 0. 67 3 2Ob Z771 30 6. 7 30 20 9 12. 3 28 0. 50 0. 75 4 21 d 2341 29 56.2 30 19 34 12. 2 46 0. 33 0. 67 3 22a* 238 M
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Table 3 Ccontinued).
RÁC1950) DC1950) V SIZE BR/B O/B No ÁSS HU RÉM

1 29 56.4 30 23 36 11.5 27 0.60 0. 80 5 27a* 280 M
1 30 18.0 30 27 1 4 13.0 23 0.00 1.00 3 28b* 288
1 30 25.9 30 29 38 16.0 170 0.00 0. 78 9 29a* Z196 WR
1 30 40.1 30 32 24 12.5 39 0.50 0.00 4 31a 609 M
1 30 47.4 30 35 10 13.6 44 0.00 0. 67 6 33a 629
1 31 00.0 30 36 26 11.4 23 0.33 O. 67 3 34b* 632 M
1 31 27.8 30 36 32 14.1 91 0.33 O. 67 6 38a* 691 M
1 31 23.2 30 37 17 14.0 76 0.09 O. 45 11 39a* 667
1 31 37.3 30 37 43 15.1 114 0.11 0. 44 9 4Oa 664 M
1 31 42.2 30 42 9 1 4.4 40 0.00 1 . OO 3 44b* Z378 M
1 31 43.8 30 45 7 1 4.8 95 0.11 0. 44 9 45a* 650
1 32 0.5 30 39 30 13.9 66 0.00 0. 50 6 47a* 657
1 30 57.0 30 21 24 15.2 62 0.00 0.50 4 48a* 27 WR
1 30 55.8 30 21 6 13.3 92 0.40 0. 30 10 48b* 25 WR
1 30 55.3 30 20 36 13.1 28 0.00 0. 25 4 48c 26 M
1 30 56.7 30 19 23 13.0 34 0.00 0. 50 4 49b — WR
1 30 42.9 30 20 16 12.5 36 0.40 0. 60 5 52a — M
1 30 49. 9 30 23 2 12.5 45 0.50 0. 50 4 55a* 35
1 30 50.5 30 22 47 13.5 48 0.00 0. 67 6 55b 36 M
1 30 46.2 30 23 12 13.6 91 0.30 O. 40 10 56a 1008
1 30 33.3 30 23 21 14.6 70 0.00 0. 33 6 58a* 1007, Z85A
1 30 21.4 30 23 21 13.0 43 0.67 0. OO 3 59a* 277 M
1 30 23.1 30 23 28 12.6 61 0.40 0. 60 10 59b* 277 WR
1 30 40.1 30 25 3 11.3 17 0.00 0. 75 4 61 d* 45
1 30 43.7 30 26 13 13.1 71 0.43 0. 57 7 62b* 49 WR
1 31 0.9 30 26 7 12.5 35 0.25 0. 75 4 64a* 64
1 31 0.6 30 25 38 12.8 8 0.75 0. OO 4 64b Z14O
1 31 2.0 30 25 35 1 3.4 45 0.17 0. 67 6 64c* 66
1 31 2.4 30 27 56 13.1 37 0.00 0. 50 6 65b — M
1 31 2.9 30 28 29 13.4 30 0. OO 0. 75 4 65 f 65 WR
1 30 57.0 30 27 19 1 4.7 62 0.00 0. 67 6 65h* 60
1 30 58.1 30 29 27 1 4.2 44 0.00 0. 75 4 66b —
1 30 55.5 30 29 25 11.2 12 0.00 0. 75 4 66d* 62
1 30 54.7 30 29 11 14.4 60 0.00 0. 50 4 66e* 62 WR
1 31 7.2 30 29 56 1 4.2 151 0.60 0. 80 5 67a* 301 M
1 31 17.5 30 32 4 1 4.4 1 08 0.25 0. 50 8 71 b* 302
1 31 19.4 30 31 38 13.9 50 0.20 O. 40 5 75a —
1 31 19.0 30 31 12 13.3 58 0.11 O. 00 9 75b 689 M
1 31 21.4 30 31 22 13.7 78 0.07 O. 40 15 75c* 688 M
1 31 43.0 30 31 44 13.6 152 0.44 0. 40 25 84a* 680 WR
1 31 51.4 30 30 42 1 4.1 112 0.33 0. 11 9 85b — M
1 31 49.4 30 28 43 13.3 34 0.00 0. 60 5 87a* 749 M
1 32 12.2 30 26 35 13.5 33 0.33 0. 67 3 88a —
1 32 8.9 30 26 23 15.0 97 0.00 0. 14 7 88b 753 WR
1 32 17.3 30 26 32 12.3 22 0.00 0. 67 3 89a* 7561 32 1 6. 5 30 25 48 13.5 53 0.33 0. 67 6 89b* Z366 WR
1 31 49.8 30 26 14 15.6 161 0.25 O. 63 8 9Oa* 740 M
1 31 40.6 30 25 25 12.1 30 0.00 0.67 6 93a* 734
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Table 3 Ccontinued).
RÁC 1950) EX 1950) V SIZE BR/B O/B No ÁSS Hl I RÉM

1 31 16. 9 30 26 26 12. O 34 0. 25 O. 50 4 94b* 77 M
1 31 21.6 30 24 40 13. 8 49 0. OO 0. 40 5 95a 732?1 31 19. 8 30 23 49 13. 7 81 0. 57 O. 71 7 96a 5* 83 M1 31 17. 7 30 24 2 13. 7 43 0. OO O. 29 7 96b 85
1 31 29. 4 30 44 13. 7 45 0. 00 0. 50 4 lOOb —
1 31 26. 8 30 22 10 14. 0 46 0. 00 0. 57 7 lOOc — WR
1 31 26. 2 30 21 50 12. 2 34 0. 25 1. OO 4 lOOe* 88 WR1 31 28. 1 30 18 15 12. 4 33 0. 67 0. 67 3 1O1 a* 711 WR1 31 26. 4 30 18 22 11.4 21 0. 25 0. 25 4 lOlb — M1 31 24. 5 30 18 .25 13. 2 31 0. 00 0. 60 5 101C* 710
1 31 26. 3 30 18 44 13. 6 45 0. 14 0. 14 7 lOle 714? WR
1 31 25. 2 30 19 36 14. 5 51 O. 00 0. 50 4 lOlk* 714
1 31 23. 8 30 12 19 14. 2 45 0. OO 0. 50 4 105b Z325
1 30 50. 4 30 7 8 14. 5 154 0. 11 0. 44 9 110c* 246 M1 30 54. 8 30 6 15 13. 9 87 0. 43 0. 43 7 112a 248?1 30 49. 3 30 5 32 14. 8 131 0. 08 O. 54 13 112c* 249? WR
1 30 49. 8 30 4 57 12. 2 38 O. 40 0. 00 5 112d 250? M
1 30 35. 5 30 10 7 11.3 11 0. 00 0. 75 4 113a* 222 M1 30 33. 2 30 10 46 13. 5 32 0. OO O. 50 4 114a Z37 M1 30 21.6 30 12 2 14. 8 80 0. 00 0. 57 7 115a* 220 WR1 30 22. 4 30 8 2 11.9 19 0. 33 0. 33 3 116b* 256 M
1 30 10. 8 30 7 57 13. 4 63 0. 25 0. 25 4 117a Z19 M1 29 52. 2 30 7 5 12. 9 31 0. 25 0. OO 4 119a 264 M1 29 54. 6 30 8 36 12. 7 18 O. 00 O. 67 3 120a 2651 30 7. 3 30 12 12 11.3 17 0. 33 0. OO 3 122a 243 WR1 29 44. 9 30 11 45 11.8 17 0. OO 0. 50 4 123c* Z6
1 30 25. 4 30 14 25 13. 3 56 0. 33 0. 50 6 127a* Z23 WR
1 30 22. 7 30 14 28 13. 6 57 0. 17 0. 67 6 127b* 216 M1 30 20. 1 30 14 29 13. 3 57 0. 33 0. 17 6 127d* 217 WR
1 30 15. 2 30 15 36 13. 8 67 0. 67 0. 33 3 128a — WR1 30 11.7 30 15 28 11.9 35 0. 40 O. 60 5 128b* 218
1 30 7. 6 30 16 25 14. 8 88 0. 20 0. 20 5 129a Z74 WR
1 29 48. 6 30 24 45 12. 2 27 0. 17 1.00 6 132a* 231 vp1 30 22. 6 30 33 27 13. 2 49 0. 33 O. OO 3 135a Z101 WR1 30 26. 2 30 37 42 12. 2 17 0. OO O. 33 3 137b 624? M1 30 25. 9 30 37 59 13. 2 45 0. 40 0. OO 5 137c 6241 30 25. 9 30 33 14 12. 9 32 0. 20 O. 20 5 137d 6251 30 38. 8 30 46 7 14. 3 73 0. 25 O. 75 4 139 629?1 30 46. 6 30 46 20 12. 4 42 0. 29 0. 71 7 140* 640 M1 31 3. 1 30 23 58 13. 4 75 0. 40 O. 80 5 142a* 93 M1 31 2. 3 30 23 35 13. 4 139 0. 17 0. 31 36 142b* 99 WR1 31 2. 3 30 22 57 14. 8 183 0. 13 0. 53 15 142e 20 WR1 31 2. 8 30 24 45 14. 5 96 0. 07 0. 21 14 147a* 71 M1 31 1.2 30 24 26 14. 8 130 0. OO 0. 47 17 147b* 691 31 5. 2 30 25 11 13. 3 44 0. 00 O. 89 9 148* 661 31 8. 3 30 26 53 13. 0 31 O. OO 0. 80 5 149a* 741 31 11.1 30 25 27 15. 4 68 0. OO 0. 50 4 150a« 791 30 52. 2 30 26 20 11.7 27 0. 25 0. 25 4 152d 56 WR
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Table 3 (continued).
RAÍ1950) 1X1950) V SIZE BR/B O/B No ÁSS HU RÉM

1 31 12. 4 30 22 29 14. 8 124 0.14 0. 50 14 156a 89B
1 31 11.7 30 21 57 12. 9 33 0. 00 0. 50 4 156c* 97
1 31 11.8 30 23 35 14. 4 93 0. 09 0. 55 11 159d* 87
1 30 13. 8 29 55 57 1O. 0 16 0. 50 O. 25 4 173a HU M
1 30 13. 3 29 56 9 12. 0 13 0. OO 0. 50 4 173b Hl I

Columns 1 and 2 give the coordinates of the center of
associations fór 1950. The coordinates were obtained using
the positions of 5 stars in SAO catalogue, 20 star clusters 
of Christian and Schoommer (1982) and three WR stars of 
Massey et al. (1987). We estimated that the positions are 
accurate to + 1.5 arcsec.

Column 3 gives the integrál V magnitude of the 
associations per arcmin .

Column 4 gives the size of associations along the major 
axis in parsecs.

Column 5 gives the ratio candidate O stars (U-V < -0.9) 
to blue stars (U-V < O) .

Column 6 gives the ratio bright stars (My < -7) to blue 
stars.

Column 7 gives the number of blue stars in an 
association.

Column 8 gives the number of associations. The numbers 
are identical with I vanov (1987). The asterisk marks very 
young associations coinciding with the bright dense HU 
regions of Courtes et a 1.(1987).

Column 9 gives number of HU regions in the catalogue of 
Courtes et al. identical with the associations.

Column 10 contains somé remarks. ”M” means a multipl® 
star within an association. These are bright blue stars with 
peculiarities of the image resembiing Trapezium. ”WR” means 
Identification with the WR stars according to the charts of 
Massey et al. (1987).

The OB associations in Table 3 superimposed on a B piát® 
are shown on Figure 1. Most of them fali in the spirál arms 
marked by Humphrey and Sandage (1980) or Ivanov and Kunchev 
(1985). The spirál arms SÍ, NI and S3 are well outlined- 
Figure 1 shows that the bright associations glve better 
evidence fór the spirál structure than 1 ow luminosity 
associations. The highest concentration of associations 
occurs in the spirál arm SÍ and there is a similsr 
concentration at the center. Most of the associations (91^ 
coincide with HU regions. This correlation is naturai 
becaUse O stars in them contribute mainly to the ionization 
of the interstellar gas. 9% of associations outside Hl I 
regions without doubt are older bút rich in massive stars. 
They have high values of O/B, BR/B and WR stars. Th® 
distribution of bright associations is similar to that of
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Figure 1. The brlght associations superimposed on a B plate.
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stars. About 60X of associations 
multiple stars. We conclude that 
star formation fali in the 
associations selected in Table 3.

in Table 3 contain WR or 
all indicators of active 
region defined by the

5. Discussion
a) Observational evidences fór the evői útion of 08 

associ at i ons
We accepted seven criteria fór the selection of 127 bright 
associations in Section 3. However these associations differ 
by their ages. It should be emphasized that van den Eergh 
(1964) suggested the size of associations in M31 as a good 
criterion fór age estimation. There is a well defined
difference in the size of the associations in Table 3
ranging from 10 to 200 pc. The other properties in Table 3
do nőt show any correlation with the size of the
associations. Fór instance ratio O/B does nőt differ 
considerably fór associations with various sizes. The 0 
stars in the associations must vanish by 5x10 yr. If the 
dimension of the associations depend on the age (as supposed 
van den Bergh, 1864) we may expect a correlation between the 
size and the ratio O/B. However the data in Table 3 do nőt 
show such correlation. A mixture of O stars and 8 
supergiants may exist in an older association bút the ratio 
ER/B does nőt correlate with the size too. The star content, 
the size and the other integrál properties in Table 3 depend 
on the age, peculiar motion of each star and the rate of 
star formation in the associations. Which is the best 
criterion fór the age of association? Humphreys and Sandage 
(1980) estimated the ages of the associations in M33 using 
the CM diagrams. They obtained the résül t ing ages fór 
associations 10, 12, 17, 127, 131 and 137 t = 5. 5xlOö. The 
criterion of van den Ber^h (1965) suggests quite different 
ages f rom 3x10 to 4x10 fór the same associations. We 
found that the ages of M31 associations obtained by the CM 
diagrams coincide with van den Eergh’s criteria (Ivanov, 
1984). Our data do nőt show a similar coincidence fór M33 
associations. The luminosity of the brightest candidate 0 
stars in the association does nőt depend on its size. We 
explain the disagreement between M31 and M33 associations 
with the different kind of star formation in the 
associations in the two galaxies. An older association in 
M33 may contain second or third generation of O stars. The 
brightest OB main sequence stars may indicate the age of the 
association suppose there is only one generation of star 
formation and an universal initial mass function.

Almost every association in Table 3 contains a Hl í 
region. The Hl I region is a direct evidence fór the 
existence of O stars. It is quite possible the steliar wind 
of O stars to create an expanded Hl I region. Courtes et al- 
(1937) found 30 - 40 ring like structure around the 
associations in M33. Rosa (1980) defined P Cyg type profilé 
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of spectral lines of NGC 604, the greatest Hl I regions 
in M33. Probably the expansion velocity of HíI regions due 
to stellar wind of early O, WR stars and supernova 
explosions. There are observational evidences in the Galaxy 
fór expanding nebulae which surround the young OB stars. The 
expansion velocity ar 10 — 20 km s \ It is clear that HU 
regions around associations are dynamically unstable and 
their sizes give somé information on the age. We accepted 
that the bright associations with dense Hl I regions belong 
to the youngest generation of M33.

The bright, compact and wel 1 defined HU regions of 
Courtes et al. C1987) with a mean size of 40 pc were 
identified with the stellar associations in Table 3. The O 
stars almost entirely provide the ionization of the 
interstellar gas. The stellar wind of O stars may create 
expanding Hl I regions at the edge of associations. The young 
newborn associations with t 3x10 yr. consist of about 
three O stars without B supergiants. Probably they are 
connected with the bright, compact HU regions. The stellar 
wind of O stars would impart mechanical energy > 10 ergs 
during the main sequence phase. A typical OB association 
with three O stars can create an expanding HU region = 80 
Pc fór a t =« 5x10ö. C Weaver et al., 1977>. The older stellar 
associations with tss 2x10 should be connected with 
ring-1ike or extended HII regions with size of 200 pc before 
a supernova has occurred. The star content of such 
associations must be a mixture of young O stars and blue and 
Fed supergiants. The older associations without O stars are 
nőt able to ionize gas. In this case HII regions must 
vanished. It is possible fór old associations to be more 
©xtended groups with diameter about 100 pc because the stars 
are nőt bound and migrate with v = 5 km s“ .

We conclude that the young associations are compact 
groups of O stars connected with dense HU regions. The 
luminosity of the brightest candidate O star in the 
association does nőt depend on its age or size. The older 
association may contain O stars of the second generation bút 
*e may recognize them by their extended or ring-like HII 
Fegions.

b) Morphology of the arm SÍ
The inner part of the arm is well outlined by associations 
with diameter f.om 1O to 50 pc. They are disposed at the 
inner part of the arm. We evaluated their expansion ages 
from 2xlOö to 107. The size of the associations increases 
toward the outer edge of the arm t ^2 - 4x10 . We estimated 
the velocity oi propagating star formation across the arm to 
40 km s"‘. The chart of Courtes et al. C1987) shows ten 
ktight, condensed and clearly outlined HU regions at the 
inner part of SÍ coinciding with the associations. Their 
"teán size is 40 pc. The brightness of HU regions decreases 
*hiie their size increases across the arm. The most extended 
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HlI regions are observed at the outer part of the arm. The 
first observational evidences of density wave in M33 were 
provided by Courtes and Dubout-Cri11on (1971). 
Dubout-Cri1 Ion (1977) found out that the dúst, HU regions 
and O stars are concentrated at the inner bordér of SÍ. 
Newton (19805 indicated a good correlation between the dúst 
patches and the Hl peak along the inner part of SÍ. Usually 
Hl clouds are extended north - South bút two clouds are 
elongated along the arm SÍ (Newton,1980) . The dúst patches 
are located in front of SÍ (Humphreys and Sandage (1980). It 
seems that dúst and Hl clouds indicate the front of the 
spirál shock wave in SÍ.

Figure 2. Distribution of the blue stars, candidate O stars 
and bright blue stars with < -7 across the spirál arm SÍ ■

Figure 2 shows the distribution of the blue stars across 
the spirál arm SÍ. A concentrat i on of blue stars occurs at 
the inner part of the arm. A bánd of young stars (100 pc 
wide and 2 kpc long) clearly outlines the inner bordér of 
the arm. The distribution pf O stars in Figure 2 gives the 
best evidence fór the propagation of star formation across 
SÍ. The highest rate of star formation occurs at the inner 
edgo. So we found out the following observational evidences 
fór the density wave theory: (1) dúst patches and dense Hl 
clouds along the inner edge of the arm (2) well defined 
tight spirál arm by 0 stars, young associations and Hí I 
regions, (3) the propagating star formation across the arm» 
(4) the four brightest confirmed M supergiants occur at the 
outer edge of the arm.
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Tho ratio O/B doea nőt vary considerably across SÍ. The 
f our associations 9c, 11a, 13 and 15a with O/B > 0.5 and My 
at -5 form a chain along the inner part of the ara. We have 
discussed the criterion fór the age estimation in Section 5a 
and accepted that these four associations are the youngest 
because of their small diameter and coincidence with dense 
HU regions. Figure 2 suggests the highest rate of star 
foraation there. The spirál ara is 700 pc wide. It is 
possible to observe the stellar evolution effects across it. 
Somé associations at the outer edge of the arm (10b and 12a) 
are older bút the ratio O/B > 0.5. However the ratio ER/B of 
luminous stars is alsó higher there. Figure 2 shows that the 
maximum in the distribution of luminous stars is at the 
middle of the arm. The massive stars evői ve rapid!y and the 
concentration of luminous and candidate O stars there may 
due to an evolution effect in the stellar associations. Fór 
instance, a mixture of evolved stars and young stars of the 
second generálion occur at the outer bordér of SÍ.

The morphological structure of SÍ gives the best 
observational evidences fór the density wave theory. However 
the morphology of the symmetrical spirál arm NI does nőt 
show similar signs of shock wave except Hl clouds of Newton 
(1980) and dúst patches in the Figure 26 of Humphreys and 
Sandage (1980). However the dúst patches and Hl clouds are 
located behind NI.

c) Size distribution
Hodge (1985 a) describe the problem on the dlfferences 
between the sizes of stellar associations in the Magéilanic 
clouds and M31. Efremov et al. (1987) and Ivanov (1987) 
concluded that Identification criteria are the cause of this 
diffcrence. It was found out that the mean size of the 
associations is :* 80 pc in the Galaxy, Magéilanic clouds, 
M31 and M33 is 80 pc. Hodge (1985 b) determined the mean 
size of the stellar associations in NGC 2403 a« 270 pc. This 
résült is nőt surprising as the distance to this galaxy is 
3.3 Mpc. Hodge (1985 a) has shown that the mean size of 
associations depends on the plate sale and distance to the 
8a 1 axy.

Figure 3 is a plot of the size distribution of the 
associations in M33 compared to that of HU regions of 
Eculesteix et al. (1974). The mean size of associations is 
60 pc. The two distributions 1 ook quite similar. The mean 
dimensions are alsó similar. We conclude that the mean size 
does nőt depend on the galaxy type. This size may be an 
Unlversal unit of massive star formation. The Identification 
criterion in tho present paper may explain the slightly 
lower mean size (60 pc) of associations than in the prevíous 
Paper ( Ivanov, 1987). In the present paper we used a more 
strong criterion.
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Figure 3. Size dlstribútions of: (a) bright associations and 
Hl I regions, Cb) all of them.

d) Constituents of the associations.
About 90 fi of the associations are connected with HU 
regions, 30 !í contain WR and 3OX multiple stars. The 
associations selected in Table 3 consist of O stars or other 
indicators of massive star formát ion as WR, blue luminous or 
blue multiple stars. Probably the associations selected in 
Table 3 are rich in massive stars.

The spectroscopic confirmed M supergiants fali in the 
associations rarely. Most of associations do nőt contain 
candidate M supergiants with B-V > 1.9. They are absent both 
in the young associations and in the older associations. The 
latter fact is surprising because the older associations 
with ring-like and extended Hl I regions must have M 
supergiants. The blue-to-red ratio is higher in the 
associations than in the field of M33. This fact may explain 
the radial gradient of blue-to-red ratio in M33 obtained by 
Humphreys and Sandage Cl980). This ratio is highest in the 
center of M33 due to the high density of associations. 
Humphreys and Davidson Cl979) suggest that the most massive 
stars CM > 40 Mq) do nőt evolve intő red supergiants. It is 
alsó possible the deficiency of red supergiants is due to 
the flatter initial rnass function.

We used the charts of Hűbb le Cl926), Sandage Cl983) and 
Sandage and Carlson C1983) to ccmpare the distribútions of 
the, cepheids to the steliar associations. It is interesting 
to note that most of the associations do nőt contain 
cepheids. It is wel 1 known that B2V - AOV main sequence 
stars evolve to cepheids... The initial mass function of such 
stars is dH/dC 1 ogM) =x M , where /? as 1.0 - 1.7 CCarmany et 
al., 1982). Adopting p = 1.0, we estimate that an 
association should produce about nine stars in the rangé of 
B2V - B3V. If we use period-age re lat ion 1og t = 8.26 - 0.78 
lóg P, obtained by cluster cepheids in the Galaxy, then th« 
periods > 20 days correspond to the ages t a 2.10 . These 
cepheids should be met in the older M33 associations. 
Actually there is a deficiency of cepheids in the two main 
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spirál árus and in the association rich in luminous or WR 
stars C < - 7) with masses > 40 M^. The cepheids occur in 
associations or star complexes without massive stars. A 
concentration of cepheids is observed in the Central region 
of M33. It is possible that the high rate of mass loss of 
stars to limit their evolution to red supergiants. There 
exists another possibility that these associations in M33 to 
be poor in less massive stars CE2V - B3V). Ambartsumian 
(1949) suggested that associations are poor in stars with 
smal 1 masses. It seems that associations in M33 rich in 
massive stars CM > 40 M ) possess a lower density of stars 
with the masses < 12 Mq. Unfortunately forty years after 
Ambartsumian*s hypothesis there are nőt direct observational 
evidences fór the luminosity functions in the associations. 
We conc1 üde that the associations with active massive star 
formation have a deficiency of cepheids.

e) A comparison of stellar associations in the nearby 
galaxies
About 90 V, of associations selected in the present work are 
connected with Hl I regions while the fül 1 catalogue of 272 
stellar associations in M33 gives 73 X. In this sense M33 is 
similar to the LMC, NGC 2403 and NGC 6822 fór which these 
Values are 79 X, 85 X and 62 X, respectively while in the 
SMC and IC 1613 only 30 Sí of associations contain Hl I 
regions. This problem was discussed by Hodge (1985 b) . We 
agree with him that the older associations predominate in 
the latter galaxies.

The SMC and M31 are poor in WR, massive stars and stellar 
associations. On the other hand they are rich in cepheids. 
Por M33 and NGC 2403 it is quite the opposite. They are rich 
in massive stars and Hl I regions and poor in cepheids. At 
the same time the two galaxies show a quite similar radial 
^istribution of the stellar associations and Hl I regions. 
^he Galaxy and LMC are rich both in WR stars and cepheids. 
^hese differences may due to the ages, IMFs, metállicity, 
rate of star formation and other factors. Freedman (1985) 
has shown that the Luminosity Functions (LFs) of different 
Salaxies have indistinguishable slopes. This conclusion does 
hot apply to the stellar associations. Somé associations in 
^33 as OBI5 are poor in stars with masses < 12 Mq. The IMF 
ls one of the factors which may explain the peculiarities of 
^3 associations. The IMFs may be flatter fór associations 
^ch in massive stars than those rich in cepheids. Recent1y 
^'son et al. (1988) found that IMFs fór six young clusters 
^h LMC are flatter than Salpeter IMF. We conclude that M33 
ahd NGC 2403 are similar to the main observational 
°haracter ist ics. They are rich in massive and poor in .less 
h^ssive stars.
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6. Summary
The present study is an attempt to give the main properties 
of the bright stellar associations in M33. The ages of M33 
associations obtained by the gap of the CM, diagrams is 
nearly the same in the intérval of 4 - 6x10° while their 
expansion ages are from 3x10 to 4x10 . Hl I regions are the 
most dynamic objects in the associations. If we accept an 
expansion velocity of 1O km s 1 the age of the ring-1ike and 
extended HU region is about 2 - 3x10 . This difference 
could be explained if there cxist two or more generations of 
star formát ion.

We found out a gradi'ent of star formation across the arm 
SÍ. This is a good proof fór the wave density theory.

The LF seems to be universal fór the ént i re surface of 
gaiaxies bút the flatter slope of the LF in M33 associations 
could expiain the high frequency of massive stars > 40 Mq 
and deficiency of the less massive stars The stellar 
associations in NGC 2403 are similar to those of M33.
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THE STRUCTURE OF STELLAR ASSOCIATION N 104 (LUCKE AND HODGE) 
IN THE LARGE MAGELLANIC CLOJD

P.E. ZAKHATOVA
Astroncmical Observatory, Ural State University
620083 Sverdlovsk, USSR

ABSTRACT. There is investigated the 
In LMC. The linear diameter of 
density distribution in associaticn 
cluster of cur Galaxy NGC 1960.

structure of associaticn N 104 
associaticn is 76 pc. Stellán 
is ccmpared with that of open

The investigation of structure of steliar associaticns is 
necessary fór the understanding of galactic. structure and physics 
of star formátion process.

We have performed the investigation of the structure of cne 
steliar association in LMC, namely N 104 associaticn írem Ducke and 
Hodge üst [1], It is situated at «fe5* 40™,3, 0 =-69° 25' (1975.0).

Fig.l Radial distribution curve fór apparent steliar density in 
association N 104

Clusters <ni SssaadUons"
^1. Astron. Dep. Eötvös Chiv.

Budapest (1990)
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Fig.2 A
pparent stellar density distributions F(J) fór associa- 

tlcn N 104 and surrounding background areas
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The plates fór that investigation are taken in V-band of UBV 
System on 70-sm menisk telescope of Pulkovo observatory in Chile. 
The plates scale is 100 "/nm. On these plates we have performed the 
stellar counts, fór which the field of associaticn is devided on 20 
concentric zones, centered on associaticn, and 6 sectors. The mean 
stellar density curve is showned on Fig.l. One can see frcm the 
figure, that stellar density in association field really exceeds 
that of surrounding reg ion s.

The same conclusion (fig.2 and 3) is got frcm the counts, made 
by Danilov et al. method [2], which is proposed fór open clusters.

Fig.3 The dependance of ln(z) on ln(6) fór association N 104. 
Here z( j) denotes the normalized deviation of nuniber 
of stars N(j)frcm the mean value fór several areas of 
the fied,0- square root of dispersion of stellar den

sity number

Frotn these counts the value of angular diámé tér of association is 
5'.5 or 76 pc fór distance modulus IS"1^ fór LMC.
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Fig.4 Stellar density on 1 pc2
NGC 1960

in associaticn N 104 LMC and

Cn Fig.4 we give the ccrnparison of projected densities fór 
N 104 associaticn and Galactic open cluster NGC1960 [3] fór Mith 
M<+lm. The stellar densities are given in units pc-2. One can see, 
that the values of stellar densities fór two objects are 
canparable, especially fór middle zones of associaticn.

Considering the results of our stellar counts we can say, that 
associaticn N 104 is similar to the associations of our Galaxy. It 
is of interest to point, that N 104 associaticn may ccnsist frcm a 
number of stellar clusters with linear diameters of 10-15 pc. Such 
diameters are coinsides with that of open clusters in our Galaxy.

R© ©fi o© s
1. Lucke P.B., HcdgeP.W., 1970, A. J., 75, 171
2. Danilov W.M., MatkinN.V., Pyl'skaya O.P. 1985, Astron. Zh., 62,1065
3. Barkhatova K.A., Zakharova P.E., Shashkina L.P., Orekhova L.K., 

Astrcn. Zh., 1985, 62, 854
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$y0P00EPA3HHE nEPEMEHHHE B ACC0L5WM OPKOHA

K.r.PacnapHH, A.C.MeAKOHHH, r.B.OraHHH,
B.C.napeaMHH
EiopaKaHCKaH acTD0$H3ifyecKaH
oőceDsaTopiífl AH'ApM.CCP, 378433,CCCP

ABSTRÁCT. Observaticnal data on two stars V 1143 Őri = ob
ject Sugano and MSV 2229 Őri = object Shanal during fuor- 
like variation (flares) in 1982, 1983, 198ó, 1983 are gi- 
ven. The light curves and two-colcur diagram U-B, B-V are 
presented. The spectra during repeated flares confirms ap- 
oearance of envelopes with strong emission lines of Hl,Fel, 
Bell,Gall, TiI,TiII.With decrease of brightness of V 1143 
Őri and Dissipafion of-dense envelope the TiO molecular 
banda apoear, spectral type become M2—In2.5.

Mavuenne ssespHbix accoiiKanwü n CKonneHMz - bto nsyueHKe 
3B0JWLIKK C3MKX 396311,, KaK B OTABAdHOCTK, TaK M 3 COBOKyH- 
HOCTM. n03T0My CTaHOBHTCH nOHHTHHM, T-íTO nOHBJieHHe KaKKX- 
AZŐO H03KX HBASHHÍi 3 3B63H.aX aCCOpnapííil 3hJ3HTBaeT onpeneAeH- 
Hb® MHTepeC C TOUKK 3p6.HKH H3yU6HIi.fi 3B0JIW.HH 3B63AH0Í CHC- 
TeMjj. T,ocTaTQWHO BcnoMHUTB, utó oÖnapyMeHHe ŐoJibmoro koaz— 
uecTBa^BcnbaHBaKiqHX ssesu, 3 accoiiwanHHX h CKonAeHHHX aacTa- 
bhjio GőBőCMOTpeTb 3onpoc o nMHaí'z^ecKnx waccax nocjie5,Hnx. 
B AaHHOM cuwae npeuMSTOM May^eHM HBMJiHCb u,3e sBesnH, no- 
KásaBsize HeoŐtranHe MSMeneHKH öJiecKa. 3to 3B63Aa Cyrano = 
VII43 Orl = AŐ 24 [1,2] h SBesija fflanajia = NSV 2229 = 

AŐ 17 l3j . HaŐTOAeHUH noKasaiiM, wto sa nocJieflHHe 7 ne? 3TM 
3Be3£M deMOHCTpíípOBajTw M3M6H6HHH őJiecK.a, HanoMKHaiou’He 5yo- 
pw (3363AH Tnna FU Őri), ho^b weHbaeM MacsTaőe, «3-3a ue- 
ro HasfiaHH cyé^yopaMZ [4] . _

I. SBcSiia CyraHO. SHaueHJie őiiecKa 3Be3£H b MMHMMywe l2, 
4-6 : y B V

17.8 18.5 17.8 4- 18.6 17.2 + 17.6
ri03bd6HH6 ŐJi&CKa ssssflH £0 MaKCZMywa 3 1982 rojiy nponoh— 

Xajiocb okojio 3.5 MSCHpa, nocAs uero 3B63na ŐOuieő wew neTupe 
■•’ecHua Haxonmiacb b MaKCih/yize, ncnbrrb’3a_H npx stom KOAsoaHZH 
noD.crKa' 0^3 0.5. 3a.Tyxa.Hne OAecKa no HopwaJibHoro MHHnMyMa 

‘Sár üusters Mi Sssocütias"

Ribi. Astron. Dtp. Sím Univ.
>*>.10, Budapest (1990)

H3yU6HIi.fi
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npononxanocb ,11,3a rona m neTape wecnpa. noxaaaTeJM psera k 
aMnuHTyaa bciilkikk bo BpeMH MaKCKwyMa I9.I0.I983r. HMeJiM 
cjienyjonpíe anaueHMH [41 :

U-B B-V V úmv
-0.7 0.3 14.6 -4 2.9 2.6

Ha pnc.1 npHBOnHTCH Kp’ZBaH M3M6HeHMH ŐJieCKa 3Be3AM
VE 143 Orl bo BpeMH bchjeikm 1982 róna [41 .

Ha pnc.2 npKBonnTCH nwarpavMa saBwcnMOCTM U-B m B-V 
r^e noxasano naMeHenne nojiojKeHMH ssesna V 1143 Orl b Teue- 
Hze BcniníKM. Hjih cpaBHeHHH npHBeneHH ana.no rwqHHe SHaqeHHH 
^JIH POHCTBeHHEX OŐc>eKTOB: $yopos H 3Be3HM -DR Tau .

Ha dkg.3 npnsonnTCH KOKsan ŐJiecxa aBeanu Cyrano a Jiyqax 
U , B , V .

B KOHpe 1985 r. n b Hawaiié 1986 r. V 1143 Őri ocTa- 
Bajiacb b MUHMMyMe ŐnecKa ps®í okojio Hero. B_KCHiie 1986 r. 
Ősjio oŐHapyseHO BTopoe noBweHue ŐJiecxa VII43 Orl b E-cpa- 
Kancxoíí oScepsaTopzn [7] . 4 HOHŐpn 1986 róna aMníiJtTyija 
BcnMUKK (mm noBHseHmi) b nyvax u paBHXaacb 4 seesnnHM 
BeJurqnnaM, a ŐnecK saesna paBHaaca:

U B U-B

14.6 15.9 -0.49
naHHnK 0 n,JIMTeJIbHOCTK nontewa R CTOHHRH B MaXCvfMyMe y 

nac neT. SaTyxawne ajirjiocb okojio 4-x MecHueB.
Tperbe nóBHUjeHHe naqajiocb b $espajie-MapTe 1988 r. , a 

y?Ke 7 anpeJLH 1988 r. nocTnrJia SHauesHH B~I5.5 [ 8 ] .
CneKTpaJibnue HaÖmoneHHH, npoBeneHHwe bo BpeMH nepaoií 

bchj>eikx[5,9,10j noKasaJiJí, qro'y sBesna HaŐnjonaroTCH.CKJibHbie 
SMHCcnoHHHe JiwHMK Hl, Fe II, Cal I, Fe I, L e II1, ILII , 
CrlI , CBuneTejibCTByKqMe 0 noHBJieHxw ooojíoukm y SBesnu. 

CneK-Tp no MHenwio nafijnonaTejie^ noxox na cne.KTp ssesn inna 
T TeJibqa. CneKTpajibHHü Tnn on,eHHBaJiCH Kan K7-M0 L5] . B 
TeqeHue BTopoií BcnumKn vxe Ha cna$e Hawn 6mji nouyven cneKip

V 1143 Orl na 6 m TeJieCKone CAO AH CCCP Ha cneKTporpaoe 
Cn-I24 co cxanepoM b nManasoHe 3800-7000 A.4, D = 1.8 A/ 
Kanaji, paspemaKMiaH CMJia — 4 a(t!'c.4). x

CneKTp noxasaJi, wro y sBesnw CHOBa nOHBXJiacb Mon-an ooo' 
JIOWKa C 3MMCCW0HHHU<ÍW JMHMHMK X yxe qepS3 M6CHU B CneKTpG 
HapHfly C 3MMCCJÍ0HHHMM UKHKHMW nOHBKJWCb nOJIOCH nOTJIOE^eHHH 
TiD. uneKTpaJibHHÜ Tim — M2 (pnc.5).

2. 3se3,na Eanajia. BcnMEKa npojisouiJia b 1983 r. [3] . 
BjiecK 3Be3nw b MHHHMywe 5~I8.4, V'-I7.0. Bo BpeMH bchhíhkm 
sseana wwejia cjienyKXnne SHaqeHMH ŐJiecxa, noxaaaTeJin psera 
k aMüJiHTyqw:

U B V U-B B-V imu AmB im,
13 .9 14.8 13.8 -0.8 1.0 -4 3.6 3.2

0 BpeweHH ^on,^eMa ssesAM no MaKCMMywa b 1982 r. y Hac
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Phc. 3 rizsán C^ecxa V’ 1143 Őri
*3 , V •

b Jiyqax U



- 172 -

Phc. 4 CneKTp sseaníj V1143 Őri , 21.Cl.1987 r.

1 r—’—'—I—'—'—’—'—I—1—'—'—'—I—'—’—’—'—TT—1—’—>—r

5 ■ SUGANO H-

21.11.87

4 -

5000 5500 6000 6500 7000A

PHC. 5 CneKTp 3B63AH VII43 Őri, 21.02.1987 r.
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HanHHX He?. B MaKCMMVMe ona Haxo^miacb 4 Mecnpa, saTyxaHne 
jfjmocb 12 MecHues. B neKaŐpe 1988 r. b ErpaKaHCKOií oőcep- 
BaTopxx 6wr oŐHapjTceH btopxuhhü no^ew ŐnecKa 3Be3AH III] .

I $eBpann 1989 roj^a ŐJiecs SBeajjH 3 (joTorpa±iwecKKX nyuax 
SOcth? 1318, aMnjiMTy^aAmpf4.6»

CneKTp SBesflH, noJiy^eKHHit hbmm Ha 6 m TenecKone CAO AH 
CCCP h 2.6 m TeJiecKone BiopaKaHCKOíí oficepBaiopnM, bmkcchoh- 
H5JÍÍ, C CObHHMK JIKHKHMX Hl.

HaŐjnoneHMH stwc ssean; b MKHKMyMe ÖAecKa CBjmeTeJTbCTByBT 
O TÓM, XÍTO 3T0 OpKOHOBK nepeMeHHHC B ŐOJIMIOif BBpOHTHOCTbKI 
npxHan.AeKaT k Tuny T Tenbpa.

Üjm oő^HcneHUH $yopoB B.A.AMŐappyMHHOM LI2J ŐMa bhrbm- 
HyTa runoTesa o tóm, wto $0 nofíoeMa őnecxa b oŐJiacTJf, He- 
nocpe^CTBeHHO OKpysaiomefi sBes^y, HMe»TCH hctouhmkh BHepruw, 
Sojibinaa yacTb KOTopoíí BbReJiHeTCH b BKn,e sneprHn KopnycKy- 
JiHpHoro nsjiyveHHH. C noHBJienne oŐojio^km ÖoJibmoro pai’Kyca, 
nponcxofíMT KOHBepcnH KopnycKyJi b behmmos MS^yyeHwe. CpaBne- 
Hne HeKOTopMx naoaMeTpoB (fyopoB k cyőáyopoB noKasHBaeT, 
utó b flaHHÖM c^y^ae noBHEneHBe őJiecKa Tassé mokho oŐaHCHnTb 
TeM Ke MexasHSMOM [4] . 06e SBes^M HaxoA-HTCH b aKTHBHOfí öa- 
se CBoero pasBMTKH, naJibHenniHe cneKTpajibHHe n $0T0MeTpK’4ec- 
Kxe HaŐJüo^eHKH noMoryT BHHCHMTb Kasoe MecTO saHiíMaeT Sasa 
cyŐ$yopoB b SBoraqMM, CTOJib pa3H00Őpa3HHX no cbojím xapasTe-

ocymecTBJieHMe HafijnojieHníí Ha 6m TenecKone LAJ Ah UULr.
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AP AND AM STARS IN TOUNG STELLAR GROUPS

Tsvetanka Radoslavova 
Department of Astronomy, Bulgárián Acad.of Sciences 
72, Lenin Blvd., 1784 Sofia 
Bulgária

ABSTRACT. Nearly two hundred new Ap and Am stars were dis- 
covered in the course of objective-prism spectral classifica- 
tion work in five galactic fields centered at the associations 
Vulpecula 0B4, Cygnus OB4, Cepheus-Lacerta OBI, Cassiopeia 0B9 
and Cassiopeia OBI4. The main line-features fór identifving 
the Ap and Am stars on low-dispersion spectrograms are 
discussed. The surface distribution of these types of stars 
compared to that of the norma! B and A-stars in the considered 
regions has shown to be similar. The proportion of the Ap and 
Am stars in the totál number of stars of the same spectral 
type is estimated to 2-3%, and is almost equal in the five 

surveyed fields.

I. Introduction.

The use of objective prisms and, respectively, low-disperslon 
spectra in modern astrophysics is a very effective tool. It 
is important nőt onlv as a search method in spectroscopy - 
its proper rol'' in a great number of classification projects 
has to be highly estimated, too (McCarthy, 1984). General 
classification projects with objective prisms are usually 
carried out on blue sensitive plates and cover the rangé, from

'Sár Clusttrs and Associatiais' 

^1. Astron. Dep. Eötvös Univ. 
^■10, Budapest (1990)
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3800 to 4800 X at dispersions from about 150 X/mm to 250 X/mm 

at Hp Such surveys have opened the possibility to classify 
stars of all spectral types to a rather faint limiting 
magnitude and have much contributed to our knowledge about 
the distribution of stars, and herefrom - about the structure 
of our Galaxy.

Further, a great benefit of these surveys is that they 
lead to the discovery of a large number of interesting stars, 
namely, stars of the types WR, Ap, Am, Ba, S, H^-emission, 
composite, etc.; and, of course, alsó of various, mainly 
extragalactic, objects like quasars and nebulae which will 
nőt be discussed here since their detection is connected with 
the use of much lower dispersions.

g. Observational Matériái.

In the course of our work on mass spectral classification, 
carried out by means of objective-prism techniques, many 
peculiar objects have been recognized; and here attention 
will be paid on the newly discovered Ap and Am stars. The 
plates on which they were identified, were taken with the 
70-cm meniscus telescope of the Abastumani Astrophysical 
Observatory by means of an 8°-objective prism. The dispersion 
of the spectra is 166 X/mm a't extent being from H#
up to 350© 2. The spectrograms were widened to 0.4 mm. Well- 

exposed images were obtained fór stars from about 8 to II 
photographic stellar magnitude, in five galactic fields in 
the surroundings of the OB-associations Vulpecula 0B4, 
Cygnus 0B4, Cepheus-Lacerta OBI, Cassiopeia 0B9 and Cassio- 
peia 0BI4. Each field covers about 70 square degrees. In 
Table I the limits in cZ and S (fór epoch 1950.0) of the 

surveyed galactic fields are indicated.
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TABLE I. Designation of the OB-associations and coordinates 
of the surveyed fields.

Ed.No. Áss. No. Designation <^(1950.0) S(I950.0)

I Áss 14 Vul 0B4 I9h24m - 2OhO2m 20°30' - 29°30'

II Áss 22 Cyg 0B4 2Oh52m - 2I^32m 33° - 42°3O'

III Áss 26 Cep-Lac OBI 2Ih46m - 22h42m 49°30’ - 58°30'

IV Áss 32 Cas 0B9 23hO6m - 00^04$ 54°3O' - 63°3Of

V Áss 37 Cas 0BI4 OO^Ő21 - 0Ih02m 58°3O' - 68°3O'

3. Methods and Results.

In the five fields a totál of 196 new Ap and Am stars were 
recognized. Their numbers fór each field are given in Table 
2; by semicolon the doubtful Ap and Am stars are indicated. 
Identification lists of the newly discovered Ap and Am stars 
have been published earlier (Radoslavova, 1978, 1985, 1986), 
accompanied by short Information about their spectral 

characteristics as seen on the objective-prism plates. Fór 
everv star more than one - often 3 or 4 - spectrograms were 
studied visually. It should be pointed out that this method 
is most effective fór such kind of work. The automatic 
objective-prism classification techniques proved to be un- 
sufficient when peculiar objects are concerned. The reason 
is that these techniques are generally based on measurements 
of separate lines or groups of lines; this involves the 
possibility of omitting somé peculiarities in the spectra. 
There is nothing bút the humán eye which is able to disting- 
uish even rather subtle nuances in the spectral images. And 
when these nuances have to be searched fór on low-dispersion 
spectrograms, the visual estimates are the most plausibl,e. 
On the other hand, one should nőt forget that, as a matter
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of fact, the visual objective-prism spectroscopy is subject- 
ive, depending strongly nőt only on the oualitv of the 
spectra bút alsó on the personal perception of the astronomer 
who does the work as well as on his experience and conscien- 
tiousness. Consequently it may happen that stars announced as 
peculiar, after examining at higher dispersion prove nőt to 
be such.

TABLE 2. Numbers and types of the newly discovered peculiar 
stars in each of the fields.

Fd.Ko. Ap Ap: Am Am: FOp

I 6 2 7 4 I
II 13 22 21 18 2
III 14 14 9 9 2
IV 15 10 5 4 I
V 10 2 3 I I

Here we shall briefly discuss somé characteristic line- 
features of the peculiar stars on Abastumani objective-prism 

spectrograms (Kharadze, Bartaya, 1973). First of all, it 
should be emphasized that, because of the low resolution, it 
is nőt always possible to assign the observed peculiar lines 
to a particular Chemical element. Fór instance, the lines in 
the rangé .114128-4131 X merge in a blend and it is impossible 

to precise whether they are connected with the Eu or with the 
Si.Therefore it is difficult to draw a unambiguous conclusion 
about the type of the revealed Ap star - and we have nőt done 
that. Other lines, observed on Abastumani spectrograms in the 
case of Ap stars, are these of Sr 14077 Á, Mn 114030-4033 A 
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and Cr 3,4171 X.

As to the Am stars, they are discerned bv the extreme 
sharpness of their hydrogen lines; although, a more 
prominent feature is the line of Sr 3.4077 X. This one is 

specific fór supergiants too, bút only when the star is 
later than spectral type A5. Therefore, in the case of a 
star earlier than A5 which shows a strong 3,4077 S line, one 

can be sure that it is an Am star.
When the star is of spectral type A2-A3 (the spectral 

eláss determination being performed according to the intensi- 

ty ratio (H +Hca^KCa’ it is °-ten difficult to decide 
between the Ap and Am-phenomenon. Here the risk to be in 
error is rather high; and it may happen that somé stars, 
classified as Ap, are in fact Am, or vice versa.

Most of the detected by us peculiar stars are of 
classical varieties; bút those, indicated as Füp, with strong 
line at 3.4077 X, may represent something untypical, since 

they do nőt seem to be associated with the well-known 
strontium stars. On Abastumani spectra the FOp stars are 
characterized by the very strong line 14077 X and the blend 

114128-4131 2 , which stand out on both sides of the line 
Their intensity ratio to is 1:3, sometimes even 1:2.

4. Discussion.

All revealed Ap and Am stars were examined with respect to 
their surface distribution, taking intő consideration alsó 
the stars found b.v other authors in the same galactic fields. 
The point is that such a consideration could provide valuable 
Information concerning the evolutionary status of the Ap/Am 
stars. It is of significance to know whether these stars do 
ör do nőt show a preference to particular stellar groups. As 

the fields in question comprise OB-associations - which 
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means that they have a greater content of early-type stars than 
the normál - it was impoífeant to verify whether there exists 
somé specificity in the distribution of the Ap/Am stars as 
compared to that of the normál B and A stars. The examination 
of this point showed a similarity in the behaviour of the Ap/Am 
stars to that of the normál stars of the same spectral type - 
which corresponds to the results obtained by other authors 
(Renson, 1971).

Somé statistics was alsó attempted with the purpose of cor 
relating the number of the Ap/Am stars with the totál number of 
early stars of similar spectral types. Almost the same results 
were obtained fór the five fields in consideration, the propor- 
tion of the Ap and Am stars being calculated to vary from about 
2 to about 3%.

It seems rather important to study the membership of the 
revealed Ap and Am stars to the respective OB-associations, bút 
fór this purpose more Information is needed than we actually 
have at our disposal.

Obviously, a higher-resolution study of the Ap and Am stars 
discovered bv means of objective-prism techniques is very 
desirable. Meaningful results could be expected only if closer 
reports between the objective-prism spectroscopists, síit 
spectroscopists and photometrists are established.
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Interstellar extlnction observed in spectra of Be stars

Walter Wegner11, JaceK PapaJ2> and JaceK KrelowsKi2)
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Abstract. Evldent dlfferences between extlnction laws 
observed In spectra of "normál'' B type and Be stars are 
shown. The 1 áttér do nőt contaln in many cases the promment 
feature of the extlnction curve - the 2200A bump. The 
results are derlved both from multlcolour (including the 
ultravlolet ANS) photometry and from TD-1 UV spectra. It is 
suggested that the observed peculiarltles are originated m 
circumstellar shells which add thelr contributions to the 
interstellar reddening.
1. Introductlon

Recent results on interstellar extlnction have shown 
reliably that the extlnction law may change from cloud to 
cloud (Wegner and KrelowsKi 1989). The varlablllty is 
certainly caused by the dlfferences m physlcal properties 
of the dúst grains contalned In these clouds. It has been 
suggested in early fortles (van de Hulst 1986) that dúst 
Partlcles may evolve in the interstellar médium and thus 
thelr slzes, shapes and Chemical composltlon may vary as 
well as thelr crystalline structure. An evolutlonary tracK 
of interstellar grains has been recently discussed by 
Greenberg (1984).

The evolution of grains may be boosted in close 
vicinlties of newly formed stars, partlcularly - hot stars 
emitting a lót of energetic UV quanta. Absorbed UV radlation 
may trigger somé Chemical reactlons in graln mantles - the 
latter growing in cold, dense protostellar clouds. Thus the 
evolutlonary effects should taKe piacé mostly in close 
vicinlties of masslve, young stars - stlll immersed in 
remnants of thelr parent clouds (which very recently passed 
a very cold and dense phase). These remnants are now 
strongly irradiated by the stellar radlation. In cases of 
masslve stars a substantial part of the stellar energy is 
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expelled ín the form of far-UV radlatlon. It seems to be of 
basic importance to know whether the evolvmg grams ín 
vicinities of hot stars produce the extinction differing or 
nőt from that observed in the truly interstellar médium.
2. Descrlptíon of the method

Be stars are well known objects closely related to somé 
clrcumstellar matter - posslbly remnants of thelr parent 
clouds. Very peculiar extinction curves derived from spectra 
of at least somé of them (Wegner and Kreiowskl 1989) make a 
more systematic investigation really attractive. Let's 
select a sample of Be stars of nearly the sáme spectral type 
and luminosity eláss. A difference in the extinction law 
should be most easy to detect in the UV spectral rangé, 
particularly around the famous 2200A bump, Thus an analysis 
of possible peculiarities of extinction.in Be stars should 
start from a consideration of this prominent feature.

The spectral type and luminosity eláss most frequently 
observed from astronomical sateHites is B2V. Thus we have 
selected the sample of these stars from the ANS Catalogue 
(Wesselius et al 1982). The colour index between the ANS 
2200A bánd and the V bánd was correlated with the B-v in the 
selected set of normál B and Be stars. The result is shown 
in Flg. 1. The observed differences between colour indices of 
different stars within the sample of the same Sp/L should 
result only from different reddenings. We observe here 
different slopes of the two-colour relations fór normál B2 
and B2e stars. This fact, as shown by Krelowski and Strobel 
(1987) indlcates fór different extinction laws towards the 
stars of both samples. The 2200A extinction bump is 
apparently stronger in relation to EB_V when observed in 
spectra of normál B2 stars. Let's emphaslze that the scatter 
observed in vFig.1 is alsó greater in the case of Be stars. 
Thus the sample of Be stars is probably much less 
homogeneous - reflecting different stages of the evolutlon 
of clrcumstel1ar grains.

The most interestlng cases are, however, these fór very 
low reddenings. In such cases we may expect that extinction 
effects are caused by single clouds or solely by 
clrcumstellar shells m the case of Be stars. Thus a 
comparison of extinction curves characterlzing single clouds 
(such as "sigma" or "zeta" types introduced by Wegner and 
Kreiowskl 1989) with those derived from spectra of slightiy 
reddened Be stars may be very interestlng, In spectra of 
heaviiy reddened Be stars the truly interstellar effects 
become more and more important and thus thelr extinction 
curves get more and more similar to "normál" ones.
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Flg. 1 Two-colour diagram relating the colour index between 
the 22OOA ANS bánd and V bánd to B-V. Normál B2V stars - 
triangles; B2Ve - open circles. Note the dlfferent slopes of 
the mean relations - they intersect close to the assomed 
(B-V)q indicatlng that stars of both samples are 
intrmslcal ly identical.
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The stars selected fór this purpose are listed in the 
Tahié. They are divided intő the ohjects showing "sigma" or 
"zeta" extinction curves and the Be stars of relatively low 
reddening. The another criterion of selecting these objects 
was the availability of their photometric data from far 
infrared (Gezarl et al. 1984) together with the UBV data and 
the ANS photometry as well as of the TD-1 spectra (Jamar et 
al, 1976, Hacau-Hercot et al. 1978). All these data allow to 
construct extinction curves in a very broad wavelength rangé 
and, moreover, one of the data sets may be a Kind of the 
checK of results obtamed with the aid of another.

The individual extinction curves of the chosen stars have 
been calculated using the standards recommended in the 
recent paper of the present authors (Papaj, Wegner and 
Kreiowski 1989). After deriving all these curves with the 
aid of the standard pair method the results have been 
averaged over the 3 "familles”. The comparison of the Be 
extinction curve with that characterizing the "sigma" famiiy 
is shown in Fig. 2. The differences between individual curves 
of the same type are so smal 1 that the scatter does nőt 
exceed usually the sizes of symbols.

Two very important phenomena are observed in the 
extinction curves derived from Be stars. One of them is the 
lacK of the 2200A bump. This astonlshing fact is observed m 
the TD-1 as well as in the ANS data and thus it is proved 
beyond a doubt. It is interestlng that up to the polnt of 
the usual maximum of this feature the curves are very 
similar - their far-UV behaviour is, however, completeiy 
different. In cases of heavily reddened Be stars the 
domlnating obscuratlon of interstellar clouds produces the 
bump, bút it is usually weaker than in normál B stars 
(Fig. 1) because of the circumstellar contribution. Another 
important phenomenon is the far-IR behaviour of the curve- 
The data seem to indicate fór the enormously high value of 
the R constant (the total-to-selective extinction ratio) 
which should be situated at the polnt where the extinction 
curve intersects the ordinate axis. This phenomenon may be, 
however, at least partly due to emissions of relatively hot 
dúst particles situated in close vlcinities of the stars 
under consideration. The same extinction curve fór the Be 
stars is compared to that of "zeta” type in Fig. 3. Let'S 
emphasize: all these curves have been calculated using tne 
same method and even the same standards. Our Fig. 1 cleariy 
shows that the two-colour relations dlffer in their slopes 
fór normál B and emission line stars, bút the intersectiod 
of these relations is situated very closely to the point of 
intrlnsic B-V value (-0.22). Moreover the two colour plots 
coincide in the case of very smal1 reddenlngs Indicating 
that Be and normál B stars are characterized by the same 
intrlnsic colours. This fact makes the results completeiy 
rellable.



Flg. 2 The comparison of the extinction curves averaged over 
the samples listed m the Table. Dnts - B2Ve, open circles 
sigma" type extinction law. The segments calculated from

TD-1 spectra are added in both cases.
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extinction

1/lam
bdq

Flg. 3 The same as in Flg. 2 bút here the shape of "zeta" mean 
extinction curve is compared to that of B2Ve stars.
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3. Dlscusslon and concluslons

Our analysis shows clearly that the extinction origlnating 
in close vlcinities of Hot, newly formed stars is "peculiar" 
in the above described sense. This peculiarity is probably 
related to certain stages of evolution of the grains that 
remained in the remnants of the parent clouds of the 
observed stars. We may hardly say anything certain about the 
geometry of the obscuring clouds. They may occur in the form 
of disKs or more or less spherical shells - our analysis can 
hardly distinguish such cases; taken together they produce 
probably the scatter observed in our Fig. 1.

We conclude that "normál” B stars and those with emission 
lines are intrinsically identical at least in the sense they 
have the same intrinsic colour mdices. The extinction 
modifies however their spectra in quite different ways. The 
above presented "peculiar" extinction curve is probably a 
rather typical product of the grain evolution m vicinity of 
a source of UV quanta. This résült stresses once again the 
fact of basic importance: any "average interstellar 
extinction curve" is probably a mixture of individual 
contributions differing in many cases as much as the above 
presented examples. Such an "average" can hardly be used as 
a matéria! fór comparison with somé theoretical or 
laboratory predictlons.

The similarlty of extinction curves observed in many B 
stars with emission lines may suggest we deal with a certain 
Phase of the stellar evolution too. Possibly through a 
relatively short time a B star shell is transparent enough 
to make the star visible as a B eláss object. The grains are 
probably so far evolved - the relatively transparent 
circumstellar shell must expand rather quickly nőt leaving a 
lót of time fór a further grain Processing. These evolved 
grains may be.thus captured by interstellar clouds wnen they 
eventually start to grow new mantles initiating a new phase 
of their evolution.
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HD number Star name Sp/L V B-V E(B-V)

Be stars
20336 B2. 5 Ven 4. 84 -0. 15 0. 05
32343 11 Cam B2. 5 Ve 5. 08 -0. 08 0. 12
44458 B1 Vpe 5. 64 -0. 02 0. 19
57150 B2 V + B3 IVne 4. 66 -0. 10 0. 10
60606 B3 vne 5. 54 -0. 06 0. 12
65875 B2. 5 Ve 6. 51 -0. 07 0. 13
88661 B2 IVpne 5. 72 -0. 08 0. 13

202904 66 Cyg B2 Vne 4. 43 -0. 11 0. 10
"sigma" family

34989 B1 V 5. 80 -0. 13 0. 10
144217 B1 Sco B1 V 2. 62 -0. 07 0. 16
144470 w1 Sco B1 V 3. 96 -0. 04 0. 19
147933 P Oph B2 IV 5. 02 0. 24 0. 45
148605 22 Sco B2 V 4. 79 -0. 1 1 0. 10

"zeta" family

3901 19 Cas B2 V 4. 80 -0. 11 0. 10
35149 23 Őri B1 V 5. 00 -0. 15 0. 08
60325 B1 V 6. 21 -0. 04 0. 19
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ABSTRACT. Taxonomical analysis used fór study of galactic 
distribution of open clusters, OB-associations and cephe- 
ids shows about 2/3 of these objects to enter non-random 
condensations with characteristic dimensions of somé hund- 
red parsecs. Classification of star clusters leads to 
conclusion that in process of their formation there has 
been no substantial gaps. Variety of clusters'properties 
is determined mainly by two factors. Prognostication of 
X-ray radiation from globular clusters is made.

We report here somé results of application of multi- 
dimensional statistical analysis (MSA) to the study of 
star clusters and complexes as it relates to understanding 
of structure and evolution of Galaxy. MSA consists of 
three branches: taxonomical analysis, factor analysis and, 
finally, pattern recognition. In taxonomical analysis 
groups of objects similar in somé sense are distinguished. 
In factor analysis one finds number and natúré of indepen- 
dent factors determining an observational variety of 
objects'properties. Finally in pattern^recognition accor- 
ding to properties of object we classify it to one of 
several groups.

Taxonomical analysis was used fór two different aims : 
1) the study of space distribution of open clusters, OB- 
associations and cepheids, and 2) classification of star 
clusters. The results are the following.

1) Galactic distribution of 361 open clusters, 53 OB- 
associations and 300 cepheids was consiuerea. by hierarcni- 
al clumping method. It is shown that about 2/3 of these 
objects enter non-random condensations (taxons) with cha
racteristic dimensions of somé hundred parsecs. In somé 
cases it is possible to jóin neighbouring taxons intő Sys
tems with dimensions of about 1 kps or more. Traces ofg 
common origin are preserved sometimes fór more than 10 
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years. We composed the list of 55 taxons and J2 pairs of 
ob jects.

2) Distribution of open and globular clusters was 
considered in spaces of basic physical parameters. Several 
variants of classification are proposed. Open clusters 
form a linear consequence by age. Fon globular ones the 
role of "free paraméter" plays the distance from Galaxy 
centre. Common consideration of clusters of both types 
confirmes these dependences. The conclusion is made that 
in clusters' formation process possibly there where no 
substantial gaps.

5) Variety of globular clusters' properties is shown 
to be determined by two factors. The first factor is asso- 
ciáted with metallicity and/or the distance from Galaxy 
centre, while the second is connected with "richness" 
and/or concentration of clusters. Most observational para
meters are determined by preferential action of one of 
these factors, while geometrical dimensions of cluster are 
dependent on both factors simultaneuosly.

Fór open clusters the role of the first factor plays 
an age and/or a distance from galactic pláne.

4) One of pattern recognition methods is used to find 
the deciding rule fór separating X-ray globulars from non- 
X-ray ones. It is used fór prognostication such radiation 
from clusters being unresearched in this sense.

Somé results of this study are given in details in 
our papers (Ejgenson and Yatsyk, 1986; 1987a; 198?b; 1988; 
1989; Ejgenson,Yatsyk and Khomik, 1988; Ejgenson,Yatsyk 
and chernogyl, 1988).
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ABSTRACT. Dynamical masses of 146 galactic globular clusters 
have been determined using single mass isctropic King’s 
models, and high quality observational data of the clusters 
Central velocity dispersion. The typical value of a globular 
clusters mass is 1.1 10 , and the mean mass-to-1ight 
rstio is 1.37 + 0.43.

1. INTRCDUCTION

The first dsterminations of the indiyidual masses of the 
richest globular clusters w Cen ( Dickens and Waa 1l ey 1967) , 
M92 ('tilson. and Ca/ 1954; Se hvarescU ld and E&mAt&ín.
1'955) and 47 Tuc and Thackeray 1960) hava been based
on the knowledge of the velocity dispersion déri ved From 
radial velocity measurements fór individual giants from 
1 ow-dispersion spectra. The mass of M3 has alsó been 
estimated from the luminosity function (Sandags 1957). In 
bcth cases the masses are fairly uncertain. In 1976 
dynamical masses have been determined fór 10 Southern 
globular clusters < 111 i ngwr t h. 1976). In this case the 
Central velocity dispersions determined from high-dispersion 
coude spectra of the integrated light were incorporated intő 
King-’s (1966) single mass star cluster models to calculate 
the cluster masses.

MASS DETERMINATION METHODS

Reasonably good dynamical constreints surface brightness
profile and Central value of the velocity dispersion - are 
available now fór 39 galactic globular clusters. In the 
present study all these observations of the velocity 
dispersion wi 11 be- converted intő mass, acccrding to King’s 
(1966) single ~ mass model formula Jt = p r u, reduced by
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III tn^war tA (1976) to

Jt = 167 r fi < Vz > <10
erű

Héra rjs the core rádiós derived -from tha fit of tha 
observed surface brightness profile to King’s models, and 
tabulated in Webbink’s catalogue (1983) of the structure 
paramétere of galactic globular clusters; fi is interpolated 
using King’s Table II (1966)- (The concentration paraméter 
c = lg (r^/r > was calculated on the bases of the values of 
r^nd quoted in the Webbink’s catalogue, 1985); <Z > is 
the Central velocxty dispersion obtained by different 
authors from integrated light speetra (ILS) or from 
high—quality radial velöcities (RV) of cluster’s members.

Table I represents the following parameters fór the 
thirty nine clusters: the mean observational velocity
dispersion </ > derived by data obtained from several r O
authors; the method of its determination; the totál masses 
of the clusters vH (in solar units) calculated with formula 
(1); the visual mass—to—1ight ratio Jt/L , and references. 
The visual integrated luminocity L (ín solar units) was 
determinad, taking M(V>Ö = 4.83 (Allén 1973), and using ths 
Webbink’s data (1985) fór the absolute integrated magnitudes 
M(V) of the corresponding clusters.

Table I. Masses determined with Eq.(1)

NSC

in
 v
LJ
 c method

At tol
11 0 3

Jt/L

EO units3
*1

íö
 ÍD □ n 
ni

ÍÜ
 1
in

1_
__

__
__

__
__

_

104 11.32 RV,ILS 0.68 1 . 13 5, S
288 2. 90 RV 0.06 1 . 59 10
362 8. 63 RV,ILS 0.21 1.09 2 5

1851 8. 18 ILS 0.17 0. 95 2
2808 14.76 ILS 0.92 1 . 76 5
3201 4.30 RV 0.12 1 . 44 n
4147 2.80 RV 0.03 1.30 10
4372 3.55 RV 0.10 1.08
4833 5. 59 RV ■ 0.17 1 . 46 rn
5139 14.33 RV 2.18 1.76 8
5272 6.02 RV 0.39 0. 99 2, 4
5466 1.85 RV 0.07 1.14 9, 10
6093 12.88 ILS 0.33 3 • / •>
6121 3.90 RV 0.05 0. 92 9
6171 2. 90 RV 0.04 0.87 10
6205 7. 10 RV 0.35 1.40 6
6218 3.70 RV 0.06 0. 73 10
6266 13.91 RV,ILS 0.40 1 . 60 2 5
6273 10.60 RV 0.74 1 . 22
6341 7.00 RV 0.19 1.27 2, 7
6356 7.68 RV 0.38 1.25
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Table I. — continue

NGC
<1/ > r O

tkm/sl
method

Jt t ot 
Cioöm 1 o

Ji/L

i O un i t s 3
refe- 
rences

C
l

-0 
n

3. 97 RV 0.11 1.71
6388 19.65 ILS 1.30 1.65 5
6397 3. 10 RV 0 .03 0.71 1
644-1 18.30 ILS 0.90 1.99 5
6624 5.40 RV 0.07 0.85 10

8.90 RV 0.23 1.48 10
6637 6.97 RV 0.19 1.37 i
6652 6. 12 RV 0.13 1.75
6656 8.94 RV 0.32 1.46 2, 9
6681 6. 10 RV 0.10 1.73 2, 10
6712 4.00 RV 0.05 0.70 i

14.83 ILS 0.98 1.75
6723 5.37 RV 0.16 1.56
6809 4.06 RV 0.08 1.04 2, 10
6838 2.80 RV 0.02 1.23 9
6864 10.72 ILS 0.37 2.03
7078 7.97 RV 0.37 0.34
7089 10. 40 RV 0.66 1.80 10

Re-ferences correspond as follows:

(1) Da Costa, st al. (1977)
(2) Gey&r st al. (19S3)
(3) Gríndlay &t al. (1987)
(4) Gunn and Grí ff in (1979)
(5) 11 linguor th. (1976)
(6) Lupton and Gunn (1987)
(7) Lupton &t al. (1985)
(8) l'^ylan (1987)
(9) Peterson and Lathan (1986)

(10) Pryor st al. (1987)

The mean -Formai error oi the estimated masses is 
probably about 20% and results primarily írom the 
uncertainty o-F the velocity dispersion, and írom the fitting 
error -Fór r p. It is necessary to emphasice, that as tar as 
the King’s models make assumption which simplifies the reál 
dynamical situation in globular clusters, the basic 
uncertainty of the thus masses derived is a result mainly 
írom the limitations of the model. The masses of the above 
mentionéd 39 globular clusters, calculated with -Formula (1) 
have been used to calibrate the function ^H(M^):

lg yH. = - (0.44 ± 0.02) M + (1.76 t 0.16) <20
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Fig.l. Fór thirty nine clusters, masses as a function of 
the absolute magnitude M .

The calibration curve (2) is deduced fór -5?32 < M í 
-1014 and it has been used tor calculating the mas=e=v of 
anothcr 94 clusters which absolute magnitudás M are larger 
than M « 5?9 and are given in Webbink-’s catalogue. There are 
23 known globular clusters with absolute magnitudes -1?7 - 
M < -STS . The axtrápolation of the calibration curve (2> 
to M ” -l?70 loads to unusually small oassss of the weakest 
cluetori (AM-1, vK as 317 « ! ) . In this case the mass-tc-1 igt 
ratio .ít/L fór thirty nine clusters, which masses have been 
detorminodvdirect ly from their velccity dispersion (sas Eq- 
1) have been used. The typical one was find to be „K/L “ 
1.37 * 0.24.

The values of masses of globular clusters calculated by 
the calibration curve <21 and by the masa - to - light ratio 
® 1.37 ara given in Table Ha and Ilb, respecti vei y.



- 195 -

Tatole Ha. Masses determined with Eq. (2)

object Jt tót
t 10 ’/a 1

X/L
£O unitsl

ab ject t o t 
5

CIO

X/L
EO unitsl

N1261 1.37 1 .27 N6355 0. 59 1 . 19
NI 466 1.11 1 .25 Tér 4 0. 59 1 . 18
Rét 0. 21 1.09 HP 1 1.65 1.29
Fal 2 O. 84 1 .22 Gr i 1 1.69 1.29
N1841 0. 94 1 .23 N6366 0. 29 1 . 12
NI 904 1. 42 1 .27 N6380 0. 31 1 . 13
N2298 0. 35 1 .14 Pál 6 0. 61 1 . 19
N2419 8. 56 1 .47 N6401 0. 83 1 .22
Pál 3 0. 23 1 . 10 N6402 6 • óó 1.44
ESD 093 0. 58 1 . 18 N6426 0. 31 1 . 13
Rup 106 0. 64 1.19 Tér 5 0. 83 1.22
N4499 1.21 1.26 N644O 3. 72 1.38
N4590 0. 84 1 .22 N6453 0. 89 1.23
N5024 4. 16 1 .39 Tér 6 0. 34 1 . 13
N50S3 0. 26 1.11 UKS 1 1 . 19 1.26
N52S6 2. 67 1 .34 N6496 0.20 1.08
N5634 1.39 1 .27 N6517 0. 71 1.20
N5694 3. 30 1 .36 Tér 10 0. 35 1 . 14
N5824 8. 39 1.47 N6522 0.87 1.22
N5897 0. 71 1 .20 N6528 0. 45 1 . 16
N5904 3. 99 1 .38 N6539 0.30 1 . 12
N5927 1.90 1 .30 N6541 2. 96 1.35
N5946 0. 73 1 .20 N6544 0. 33 1 . 13
EH 176 1.76 1 .30 N6S53 2. 35 1.33
N5986 2. 67 1 .34 N6558 0. 31 1 . 13
N6101 0. 64 1 .19 Pál 7 1. 13 1.25
N6139 1.74 1 .30 N6569 1.42 1.27
Tér 3 0. 29 1 .12 N6584 1. 14 1 .25
N6144 0. 55 1.18 N6638 0. 31 1 . 13
N6229 2. 02 1 .31 Pál B 0. 75 1 .21
N6235 0. 44 1.16 N6717 0. 22 1.09
N6254 1.06 1 .24 N6749 0. 28 1.11
N6256 0. 32 1.13 N6752 1.33 1.27
N62S4 0. 71 1 .20 N6760 0. 54 1 . 18
N6287 0. 44 1 .16 Tér 7 0. 24 1 . 10
N6293 0. 95 1 .23 N6779 0. 91 1.23
N6304 0. 78 1 .21 Tér 8 0. 35 1 . 14
N6316 2. 76 1 .35 Pál 11 0. 63 1 . 19
N6325 0. 27 1.11 N6934 1.06 1.24
N6333 1.56 1.29 N6981 0. 60 1.19
N6342 0. 62 1 .19 N7006 1.25 1.26
N6352 0. 36 1.14 N7099 0. 76 1 v21
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Table Ilb. Masses determined with mean = 1.35

object tol 
(103m ] 

O

object tót 
[103n ] o

object tót 3CIO ml
O

Pál 1 1.20 Pál 14 9. 60 Tér 11 18. 30
AM 1 7. 22 ESŐ 452 4. 86 M8642 18. 98
Eri 10. 92 Pál 15 16. 68 Pál 10 19. 69
E 3 5. 53 Tér 2 5. 04 Arp 2 15. 36
UKS 2 5. 28 Tér 1 10. 60 Pál 12 9. 51
Pál 4 21.00 Tón 2 16. 08 Pál 13 2. 41
AM 4 0. 56 Tér 9 3. 49 N7492 11.23
Pál 5 11.54 N6535 9. 34

The distribution of the calculated masses fór the 
sample of 146 galactic globular clusters and the mass - to - 
light ratios distribution fór the galactic globular clusters 
are given in Figure 2.

Flg. 2. Mass and mass - to - light ratio distribution fór 
globular clusters in our Galaxy.
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It can be seen that about 827. of all globular clusters 
have masses between 1 10 -f- 5 10J a with typical value 1.12 
lűX^- The distribution of the mass-to-1ight ratio fór the 
clusters is shown on the same Figure.

Recently, a high-quality observational data allowing 
the investigátion of the internál cluster structure are 
acquired only fór si:< clusters. The totál mass and the value 
of ^R/L fór these clusters have been obtained from different 
authors, usling multi-mass anisotropic (fing-Michie’s 
dynamical models, and are summariced by Weylon. (1987).

A comparison between and jR/L values, calculated 
according to single — mass models (Eq. 1), and those 
múl ticcmponent models mentioned above fór six clusters is 
shown in Table III. It must be noted that masses and .R/L 
values given in columns 2 and 3 respectively are calculated 
with Eq. (1) , using data fór r,, r , and M ,taker. from 
Meylan’s Table 2 (1987). Thus'the'di+ferences is due only 
to the difference of the models used (between col. 2 and 4 ) .

Table III. Comparison between different model masses

NEC

single 
moc

ss 
iel

m ulti-mass
mede 1

single-mass 
model-this studyj

* á
[ 1 0 ?Í1 J o

E 1 0° 'V L 1 0 Vj
.R/L

V i

(1) (2) (3) (4) (5) (6) (7) ;

104 0.7 1.8 0. 7 1.8 0.7 1.1 !

LG
 

C
d <1

to 
n o. 5 T 9 2. 9 n n 1.8

5272 0.5 1.8 0. 6 o n 0. 4 1.0
6205 0.2 1.0 0. ■7 3.6 0. 35 1.4
6341 0.2 1.2 0. 4 2. 4 0.2 1.3
7089 0.6 1.8 0. 9 0.7 i.e

It is worth mentioning., that a clear correlation. 
displayed in Fig.3 appears between the AuR and the
concentration paraméter c = lg rrc of the considered
clusters. This close correlation is interesting bút since 
only six points are deduced we are nőt in a possiticn to make 
generálisad conclusion. Bearing in mind this fact we can 
note that only the mass estimations of the high— 
concentration clusters are nőt greatly influenced by the 
t y p e of the model. The absolute comparison of the masses of 
the six clusters (columns 4 and 6) of the Table III shows 
that the masses of the clusters with c i 2.0, calculated by 
single-mass model are about 28 - 50 7. smaller than those, 
calculated by multi-mass models.

It is evident that mass determination largely deoends
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Fig.3. Correlatian bet- 
ween the cancentration 
. ' paraméter c and the 
nass difference. AA is 
the dif-Ference in nass- 
es,determined by multi- 
"ms and single — nass 
star cluster módels.

on the model used and cn the quality or the observational 
data- Taking intő account the limitaticns in the self " 
consistent star clusters dynamical model IKíng 1966) that 
have used in this study, the mass estimates should be 
considered fairly uncertain and taken as a lower limit or 
the expscted actual masses o-F the globular clusters in old" 
Galaxy.

3. CGNCLUSIONS

1. The masses o-F -146 globular clusters wera determined 
f romi

ty their Central velocity dispersion, using the King’s 
(1966) single—mass globular cluster mcdels (far 39 objects)-

ÍV the calibration curva (®q.2), deduced from ths 
values of masses, caiculated according to (í), and ths 
corresponding absolute magnitudss M (Tor 84 clusters).

itíJ the mean mass—to—1ight ratiov-VL = 1.37 from (i’
(fór 23 clusters).
2. The nasses rangé írom 5.6 10 (AM-1) to 2.2 10^ («

Cen) with a typical value 1.1 IC^c . °
3. The values of the mass - to — light ratio J*j\_ 3re 

located between 0.70 to 2.73. - v
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THE “COC1A”, A CATALOGUE OF OPEN CLUSTER AGES 
Experiences in Data Handling, and Presentation of the Catalogue
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ABSTRACT. The COC1A is a compilation of published age and turn-off mass determinations of 
galactic open clusters. Besides the age values, however, it contains alsó information and references 
on all the assumptions and quantities on which the respective ágé determination is based. The 
present version of the catalogue contains 1260 entries referring to 250 galactic clusters. A special 
chapter of the catalogue gives a short description (in tabular form) of the most widely used age 
calibration curves. In the following, Section 1 shows the need fór this kind of catalogue, Section 2 
describes the way used fór data compiling and analysing, the layout of the catalogue is described in 
Sections 3, and Section 4 gives somé statistics.

1. Motivation fór preparing a catalogue of cluster ages

1.1 What is needed?

In many fields of astronomical research a homogeneous set of reliable cluster ages comprising as 
many clusters as possible would be strongly needed.

1.2 What is available in the Literature ?

When searching the Literature fór cluster age det eiminations one finds:
a) Papers that contain age values of single clusters;
b) Age catalogues that are old, the age values thus superseded;
c) Modern age catalogues containing a limited number of clusters.

To get the desired set of cluster ages fór “as many clusters as possible” one has to combine age 
values taken írom all these sources. To combine the results of different authors, however, requires 
to correct the different age values. A laborious task! It does nőt only require to follow step by step 
the whole chain of arguments that led to the resultant age, bút moreover, it requires a painstaking 
inspection of all assumptions that entered the respective age determination - from the criteria of 
selection of cluster members to the calibration of photometric data and up to the smaüest details of 
stellar evolutionary calculations.

1.3 What kind of catalogue could help ?

This would be a catalogue that fulfils two conditions:
a) To give fór each cluster a complete compilation of all age values published in the Literature. 

(This would dispense the user from a time consuming search).
b) To give informations and references, fór each of these age values, on all the assumptions and 

quantities on which the corresponding age determination has been based. (This would help the 
user to discard erroneous or superseded age values, and would alsó help with the attempted 
homogenisation of age values taken from different sources).

"Star auxas and assotiatias’ 
Ml. Asuw. Dsp. Bxvis Uhir.

Ho.W, Mapesí (1990)



- 202 -

The catalogue “COCIA”, presented in the following, tries to fulfil these two conditions.

2. Working concept

The original concept of data compiling was the following:
a) Systematical literature search;
b) Writing of circular letters to the authors of the papers in which we found one (or more) age 

determination(s). In these letters we would have asked the authors to specify all data and as- 
sumptions on which the age determination relies, giving them alsó the chance to revise published 
data or to send us additional, still unpublished, data.

This way of data compiling was conceived in 1982. At that time we were 2 to 3 persons working 
on the project, and financial support írom our institute, the Hamburger JStemwarte, was assured. 
Since 1984, however, the COC1A project has nőt been supported any more by our Institute. As a 
consequence, from that time I had to do all COC1A work alone and on a privately financed basis. 
So, to my great regret, I had to change the working concept. I renounced the circular letters and 
did the compiling only from the Literature.

2.1 Compiling and analysing of COC1A data

The operations I carried out fór bringing one entry intő the COC1A are sketched in Figure 1. Somé 
remarks to the Figure:

“Main Reference Paper” (step 2) means the paper in which the age value has been published to which 
the entry in the COC1A refers. All papers referenced in the Main Reference Paper in connection with 
the age determination are called “Secondary Reference Papers” (step 4). The auxiliary files FCC, 
FEv and FPh mentioned in the Figure contain informations conceming often used age calibration 
curves, stellar evolutionary calculations and photometric studies. To savé xomputer storage most 
of the Information I type intő my computer (an Victor AT with a harddisk storage of 20 MB) is 
in coded form. The amount of data fór different files (shown in the Figure) refers to the present 
version of the COC1A. The figures in parantheses shown in the boxes labelled “authors”, “journals” 
and “references” give the present number of entries in the corresponding files. “Computer’s work" 
is done by a FORTRAN program which provides the printed form of the COC1A Table. Its prin- 
cipal functions are: the decodation of data, the arrangement of data intő tabular form, and the 
arrangement of the references intő sorted lists.

2.2 Additional information

All COC1A data stored in the computer files are alsó recorded in printed forms. This paper version 
of the COC1A contains somé more data than the computer version as well as detailed additional 
remarks. This additional information may be send to the COC1A users on request. It may alsó help 
fór a, possibly changed, second version of the catalogue, if the users will suggest that other data 
than those given in the first catalogue version would be of more interest.

3. Description of the COCIA

3.1 Data content and organisation of the catalogue

Due to the lack of colaborators, as explained in Section 2, I was forced to restrict the catalogue to 
jalactic open clusters only. Fór the same reason the first version of the COCIA that shortly will be 
published together with the second supplement of the Catalogue of Star Clusters and Associations 
is nőt a complete compilation of cluster ages bút only gives «*lected data. As shown in the boxes 
at the bottom of Figure 1 the COCIA consists of five parts. To facilitate the orientation of the user
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in the 330 pages of the catalogue, the pages of each part of the COCIA are labelled in the upper 
right hand comer with letters characteristic fór the content of the respective part. They are (see 
Figure 1): EX, OC1, Ref, R, CC.

3.2 Part 1: Explanation to the COCIA

In this part of the COCIA the “COC1A Tahié”, the main part of the catalogue, is described column 
by column. Many examples are given to make things as clear as possible.

3.3 Part 2: The COCIA Table

This is the main part of the COCIA. It is displayed on pages which in the upper right hand comer 
are labelled with the OCl-numbers of the open clusters treated on the respective page. The Table 
is split intő two parts: The Tables displayed on the even pages contain the first 24 columns of the 
COCIA, and those on the odd pages the other 17 columns. Each line in the COCIA Table refers to 
one age determination taken from the Main Reference Paper. Information to this paper is specified 
in the first columns of the COCIA Table. The next columns give the values of age and tum-off mass. 
All following columns speciíy the data and quantities on which the determination of the age and 
mass value has been based.

The clusters are listed in increasing order of OCl-numbers. Fór each chister there are as many entries 
as age determinations have been found, to date, in the Literature fór the respective cluster. They 
are listed in chronological order according to the year of publication of the Main Reference Papers.

3.4 Part 3: References to the COCIA

The reference lists are split intő five parts containing the references referring to different columns 
of the COCIA Table (e.g. Photometry, stellar evolution etc.). The references given in each of these 
five parts are arranged in two lists sorted by the COClA-code (a special code used in the COCIA 
Table) and by the first author, respectively.

To help the user of the COCIA in finding the referenced papers in the Literature I have given somé 
more information than is usual:
a) Fór papers published in 2 different joumals I give both references.

Example:
Barhatova K.A. 1985 SovA 29, 499
Barhatova K.A. 1985 AZh 62, 854

b) If the reference is nőt uniquely defined by two numbers I have mentioned all specifications 
needed to “locate” the paper.
Example:
Lyngá G. 1962 LdM 1, 200' Ser.I, Nr. 200, Sid. 65
Lyngá G. 1962 SvArkA 3, 65 Bánd 3 (1966), Háfte 1, Nr.8, Sid.65

3.5 Part 4 (Appendix R): Remarks to the COCIA

Short remarks to particular entries of the COCIA Table are given directly in the last column of this 
Table whereas longer remarks are listed in Appendix R. They are specified in the COCIA Table by 
the Capital letter R followed by “N”, where “N” indicates the number under which the respective 
remark is to be found in Appendix R. This Appendix gives - on 50 pages - details to special methods 
of age determination, to the photometric system used in the course of age determination, clarifies 
misprints or other errors found in the Main Reference Papers etc., etc.
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3.6 Part 5 (Appendix CC): Age Calibration Curves and Formuláé.

Age calibration curves (CCs) relate the age of a star cluster to one single quantity, called age 
paraméter, that characterizes the cluster. In deducing this relation, the author of the CC already 
carries out somé of the steps needed fór age determination, whereas the steps to be carried out by 
the user of the CC reduce to those needed to find the value of the age paraméter. Age determination 
by the aid of a CC is very expeditious, bút it requires care in its use. This is because each CC is 
based on certain data, assumptions, and relations. They must be consistent with, and should be of 
the same quality as, the data, assumptions, and relations on which the user relies in deducing the 
cluster age paraméter. In many cases, however, finding out aü assumptions implicit in the CC is a 
laborious task. The situation is especially involved if the CC was deduced by the aid of one or more 
previous CCs. Whole “families” of CCs may be found in the Literature. Recently published CCs 
may thus be based partly on data that are 20 or more years old, and all the good and bad properties 
of the “ancestor CCs” are handed down to the “issue CC”.

A great deal of the age values compiled in the COC1A Tables were deduced by the aid of calibration 
curves. I found it therefore useful fór the user of the COC1A (as well as fór potential users of the 
respective calibration curves) to add a desciption of somé of the most frequently used CCs. This 
has been done in a tabular fönn, and gives
a) A description of the way the calibration curve was deduced by its author. Data, assumptions 

and references concerning the deduction of the calibration curve are specified in the Tables.
b) Indications on how to use the calibration curve.

4. Somé statistics
The present version of the COC1A displayed on 174 pages contains 1260 entries comprising Infor
mation on 250 galactic open clusters. The age values have been taken from 112 different Main 
Reference Papers. A totál of 525 Secondary Reference Papers were involved in the processes of age 
determination. Most of them - namely 315 - are references to photometnc studies.

4.1 Methods of age determinations

The principal methods of age determination used fór getting the age values compiled in the COC1A 
Table are distributed as follows:
Turn-off point method (i.e. cluster stars at turn-off point identified with
steHar models in the corresponding evolutionary phase): ............................................................... 50%
Isochrone fitting: ....................................................................... .  • • •_..........  25%
Schönberg-Chandrasekhar method (i.e. stars at cluster termination point identified
with stellar models at Schönberg-Chandrasekhar limit (homologous evolution)).......................... 20%

4.2 Age calibration curves
50% of all age values compiled in the COC1A Table have been determined by means of age calibration 
curves. It is regrettable that in more than 60% of these cases rather old CCs have been used, although 
the age determinations are of recent date.

Acbwwledgementr. Many thanks to all those people who helped and encouraged me in these years 
of my “solo run” in COC1A work: Lars Winter, Frauke Böhrnsen, Marta Burchard, Kirsten Holert- 
Chmielnik, and - last nőt least - to two members of my family: Anselm Roth and my husband 
Wolfgang Höppner. Speciai thanks are due to Dr. B. A. Balázs fór accepting the COC1A to be 
published together with the CSCA.
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SUPPLEMENT

DISTANCE CORRECTIONS FÓR 203 OPEN STAR CLUSTERS AND 8 ASSOCIATIONS

Béla A. Bala'zs
Roland Eötvös University, Department of Astronomy
Budapest, Kun Béla te'r 2.
H-1083
Hungary

Using a method described earlier |1| distance corrections were 

computed fór 203 open star clusters and 8 associatíons mainly in the 

Orion, Carina-Sagittarius and Perseus arms. The relevant data are pre- 

sented in Table I, which is takén írom the D. Se. dissertation of the 

author 121 .

Key to symbols and abbreviations:

OCLI, ASSI : Running number in |3| or |4| .

IAUI : Running number according to |5|.

6 ■ Fór these clusters r is computed by the mean relationc ‘ n
r = f . r 111 • 

n o
l,b : Galactic coordinates.

A : Interstellar absorption in magnitudes.

m-M : Apparent distance modulus.

r : Heliocentric distance.

F • 100 r /r (r , r : new & old heliocentric distances). 
n o no

eSp : Earliest spectral type classified by spectroscopic methods.

eSp . >i ” " " by photometric "

d' : Apparent angular diameter according to |6|.

d' : "Best" "—" on the basis of the whole lit. in |3| , 141 &|ö|. 

D : Linear diameter from 

D^ : " " from

: Age of the object in
~ " according to |7|

2 "
(* indicates that í2 is an expansion age taken from 13,41 ).

r and d'. n 2
106 yrs from the lit. in |31, 141 & 16j .

’Sar Clusters ad Assoaaians" 

PUbl. Astron. Dep. fotóvá; Mv.
H1.10, Budapest (IBBO)
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TABLE I. RELEVANT DATA OF PROGRAM OBJECTS
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