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PBSTRACT 

The topic of this thesis was originally suggested by 

L ate Prof. M. K. V. Bappu and was undert aken with two major aims. 

The first was to obtain the luminosities of stars contained 

in the very distant and hitherto nDt well-studied clusters. 

The second aim was to use the younger of these c lusters as 

spiral arm tracers to substantiate the existing optical picture 

of our Galaxy's spiral structure. In this thesis, the portion 

covered was restricted to the anticenter direction of the Galaxy 

(1600 < gal. long. < 280 0 ) so th at an attempt may be made to 

optically study the remotest galactic parts. Th i sis made 

slightly easier because in this direction, the complications 

due to the effects of interste llar extinction are less than 

those in the direction of the galactic center. 

As the first step, one hundred and four not we ll-studied 

c lusters were chosen from the c ata logue of open clusters ; n 

the given range of galactic longitudes. Then thirty two of 

them were observed wlth the modified objective grating method 

(Hoag & Schroeder, 1970), so as to get an approximate estimate 

of spectral types of the individual stars in each cluster region. 

These spectral types were combined with their respective visual 

magnitudes determi ned from the image sizes on the already exi st­

ing sky survey charts, to construct the approximate HR-di agram 

of each cluster. Out of them, six were found to have stars 

of spectral type B3 or earlier on the respective main-sequence 

bands and were categorised as young. Six more bluer clusters 
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were se lected based on the vi sua 1 inspection of the blue and 

red prints of the sky survey charts. 

All these twe lve c lusters were photometri ca lly observed 

using the faci lities at Kavalur Observatory in India and at 

Siding Spring Observatory in Jlustralia. In general, the stars which 

appeared to be members, out of the observed ones, in each of 

the programme clusters, ,have been found to be in the range 

of 10 to 30, with one exception, for which 55 members have 

been counted. 

Each one of these clusters is found to be showi ng some 

amount of luminosity spread, which is mainly caused by stars 

of differing ages, supporting the earlier suggestion that star 

formation in c lusters is not coeval. 

range of 6.0 x 106 to 5.9 x 108 years. 

The; r ages are in the 

Their distances are found to be ranging from 0.6 kpc 

to 7.1kpc and their colour excesses, E(B-V), are in the range 

of 0.00 mag to 1.20 mag. It is clearly seen from the present 

work that as the cluster distance increases, the value of 

E(B-V) increases. That is, the amount of interste llar matter 

increases in the line of sight column with the increasing dis­

tance from the Sun ;n the plane of the Galaxy. 

Out of the twe lve c lusters studied here, four are located 

a long the Cygnus-Orion arm and oneis a definite member of the 

Sagi ttarius-Cari na arm. The ex i stence of the outer Perseus 

spiral feature is substantiated by four clusters at distances 

of about 4 to 5.S kpc in the direction of the galactic longitude 



iii 

170° to 220°, some evidence for wh ich was found ear 1; er by 

Moffat & Vogt (1973). There is a clear indication that this 

outer feature is probably extending into the Puppis group of 

clusters which seems to be the junction for the merging of 

the loc a 1 arm with the outer Perseu s arm. Th i sis supported 

by one of the presently studied clusters which is located at 

a distance of about 6.5 kpc in the galactic longitude of about 

245° , 

There is an indication of a feature which is originating 

from the Orion-Cygnus arm at a distance of about 4.5 kpc and 

extending upto a distance of about 8 kpc towards the galactic 

longitude of 280°, This inference is based on the location 

of one of the programme c lusters at a distance of about 7 kpc 

in the direction of galactic longitude 270 0 along with two 

other already known clusters in the same area. Even though 

there is some suggestion of this branching off feature from 

the radio studies, this is perhaps its first indication from 

the optical observations. 

********** 



CHAPTER 1 

INTRODUCTI~ 

Besides ga laxies, the sma l1er ste llar aggregates are 

generally divided into three categories: globular clusters, 

open clusters and stellar associations. 

Globular clusters are very compact objects containing 

hundreds of thousands of stars and be long to an older category 

called Population II. Open clusters cont ai n a few tens to 

a few hundred stars and are re lati ve ly loose ly packed. The 

term I ste llar associ at i on' was introduced by Ambartsumi an (1949) 

to designate loose groups of stars, either of the mas i ve 

O-B types or of the very young T Tauri stars. They are more 

loosely packed than the open clusters and are dynamically 

unst ab le. 

A 11 the ste llar aggreg ates are usu a 11y designated accord-

ing to their number listing in various cata logues. A few of 

the common ones are given below: 

M : Messier Catalogue (Watson, 1949) 

NGC : New Genera 1 Cata logue of Nebu 1ae and Clusters 
(Dreyer, 1888) 

IC : Index Cata logue (Dreyer, 1895, 1908) 

Tr : Trumpler Catalogue (Trump1er, 1922) 

Me 1 : Me lotte Cata logue (Me lotte, 1915) 

Oel/GC1: Catalogue of Star clusters and Associations 
(A lter et a 1.,1970) .. 

The last one is a modern card cata logue with ~n extensive 
• 

bib'liography and contains 1039 open c 11..1 ~ t 'er s , . 1 t s tel 1 a r: 
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groups, 70 O-assocations, 125 g lobu lar c lusters and 28 extra­

galactic objects. 

Recently, the International Astronomical Union introduced 

a more genera 1 numbering system for c lusters according to their 

right ascension and dec lination. For examp le, Praesepe cluster 

is designated as C0837+201, which indicates that it is a cluster 

situated at a right ascension of 08h 37m and a dec lination 

of +20 0 .1. 

Out of the three ste llar groups mentioned above, it 

is we 11 known that open c lusters are vita 1 for determining 

galactic structure, for checking theories of stellar evolution 

and for calibrating absolute luminosities. The more clusters 

investigated, the better these factors become known. With 

this in view, a photometric programme to study the open clusters, 

not investigated so far, has been taken up here. The card 

catalogue campi led by Alter et al. (1970) has been found to 

be the best one for picking out such c lusters. The ro le of 

young open c lusters as the spira 1 arm tracers of our Ga laxy 

has been chosen as the main aim of this work. 

1.1. Open Clusters 

The stars in any gi ven open c luster are loc a lized in 

space and probab ly were formed out of the same interste llar 

mater; a 1. These stars are assumed to have a near ly identica 1 

chemica 1 composition and a common evo lutionary history. As 

the stars evo lYe, their positions in the Hertzsprung-Russe 11 

(~R) diagram keep changing and the appearance of the cluster 
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HR-d i agram at any epoch contai ns important clues concerni ng the 

evolution of the member stars. 

The main sequence (MS) in the HR-di agram represents stars 

of homogenous chemical composition. Hydrogen in the core of 

these stars is being converted into he lium by thermonuc lear react­

ions. When about 10% of hydrogen in the core is exhausted, a 

star evo lves off the MS, rap; d ly to start with, and fi na lly reaches 

the .region of red giants. Since the tota 1 nuc lear fue 1 ava; lab le 

is proportiona 1 to the mass M of the star, and the rate at which 

the fue 1 is consumed is proport i ona 1 to the st ar IS lumi nos i ty 

L, the evolution times are expected to scale rough ly as MIL. 

Thus, stars with large masses and correspond; ng ly larger lumi nos i­

ties, like 0 type stars, wou ld leave the main sequence sooner 

than, say, the M dwarfs, which have small masses and smaller 

lumi nos it ies. Hence, in practice the age of the cluster can 

be judged by the spectr a 1 type of the hottest star sti 11 left 

on the main sequence. These considerations lead to the conc lusion 

that c lusters with a and ear ly B stars are rather young ( .$ 107 

years) and may be expected to be found physica lly near the places 

of their origin, which are generally in the region of spiral 

arms. This is due to the fact that the random ve locities in 

the galaxy tend to smear out these clusters over the plane within 

about 108 years (Schmidt-Kaler, 1965). 

Further"the stars within a cluster are all at nearly the 

same di stance from us·. Hence, the differences in their apparent 

magnitudes (mv) are essenti ally ·eqlla 1 to th~ diff~rences in their 
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absolute magnitudes (M v)' Thus, if the absolute magnitudes 

of some stars in the c luster are known i ndependent'ly, then 

the Mv of the rest of the stars can be determined; from this 

in turn, a more re 1; ab le di stance modu lus for the c luster as 

a who le can be estab li shed. 

1.2. Classification of Open Clusters 

A proper classification of an open cluster shou ld des­

cribe its i ntri nsic conditions, like its dynamica 1 and spectra 1 

properties, outlines, dimensions and star distributions. Various 

attempts have been made at classifying these c lusters by Shap ley 

(1930), Trumpler (1930), Collinder (1931), Alter (1942), Markarian 

(1950) and others. Out of all these classifications, that 

by Trumpler (1930) has been most widely used. His classification 

was based on two different characteristics of the clusters: 

the physica 1 appearances and the spectra of the member stars. 

1.2.1. According to appearance 

Si nce the dimens ions of a c luster are governed by its 

gravitationa lpotenti a 1 and are related to its constitution, 

a classification on the basis of appearance has significance. 

Trumpler (1930) used Roman numerals I to IV to indicate decreas­

ing central concentration for the cluster as given below: 

1.. Oetached c lusters with strong centra 1 concentration. 

II. Detached clusters· with lUt le centra 1 concentration. 

III. Detached c lusters with no not;ceab le concentration, 

;n which the st.ars are more or less thinly, but 

ne ar 1y un; form 1y sc attered . 
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IV. Clusters not well detached but passing gradually into 

the environs, appearing like a star field condensation. 

Likewise, numerals 1 to 3 have been used for showing the 

i ncreasi ng range between magnitudes of the member stars of the 

cluster according to the following scheme: 

1. Most c luster stars are near ly of the same apparent 

brightness (e.g.NGC 7789). 

2. Medium range exists in the brightness of the stars 

(e.g. NGC 2254). 

3. Cluster is composed of bright and faint stars; generally 

a few very bright and some moderately bright stars 

stand out from a host of faint ones (e.g.Pleiades). 

Lastly, letters are used to indicate the number of stars. 

p Poor c lusters with less than 50 stars. 

m Moderately rich clusters with 50 to 100 stars. 

r Rich clusters with more than 100 stars. 

Thus, for ex amp le, the cluster Tr 1 has been classified as of 

type 1 3 p, which means that it is a detached cluster with strong 

central concentration. It is composed of bright and faint stars; 

it is a poor c luster with less than 50 stars. 

1.2.2. Based on HR-diagram 

Another important classification of open clusters is the 

one which depends upon the spectra of the individual stars. 

Trumpler (1925, 1930) schematically classified the HR-diagrams 

of the c lusters into types characterized by a combination of 

the numbers 1, 2, 3 and of the letters 0, b, a, f. The numbers 

designate the relative proportion of late type 9 i ant s 
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as gi ven be low: 

1. The giant branch is entirely missing and all cluster stars 

belong to the main branch from 0 to M. 

2. A relatively small number of stars are in the giant branch. 

3. Jhe majority of the more lum; nou s stars are ye llow or 

red gi ants. 

The letter following the number indicates the spectral class 

of the ear liest stars on the MS: 0, b, a, f stand for 0, B, fl, F stars 

respectively. Thus, for 1, only 10 1 and Ib l are possible, 

occasionally extending to la'. For 2 and 3 only la' and later 

are expected. 

This classification scheme was later slight ly modified 

(Trumpler & Weaver, 1953) through the inclusion of an additional 

number indicating the spectral subtype of the earliest main 

sequence star. For instance, type 1 - b3 wou ld indicate a 

c luster with no red gi ant stars and havi ng main sequence stars 

of spectral type B3 and later. 

1.3. Young Open clusters as Spiral Arm Tracers 

It was Baade & Mayall (1951), who for the first time 

found that the spiral arms in the Andromeda ga laxy, M 31, were 

most clearly traced by -the emission nebulae and by the young 

OS st ars. C lusters and assoc i at ions of these young stars were 

specially helpful in outlining the spiral structure. Soon 

after this, Morgan, Sharpless & Osterbrock (1952) examined 

tfte, Q)stribution of DB associations and their nebulosities 
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in our Galaxy by obtaining their distances. The fo llow; ng 

three parallel sections of spiral arms were clearly delineated 

in th i s work. 

1. The Orion arm: it is the arm in which the Sun is located. 

2. The Perseus arm: it is a portion of an outer arm and is 

about 2500 parsecs away from the Orion arm. 

3. The Sagittarius arm: it ;s a portion of an inner arm and 

is at a di stance of about 1500 to 2000 parsecs from the 

Orion arm. 

It is interesting to note at this juncture that the first 

comprehensive study of the open c lusters and their distribution 

in space done much earlier by Trumpler (1930) shows the Perseus 

arm and a lso gives an indication of the Sagittarius and Carina 

fe atures. However, he h ad not segreg ated the young clusters 

from his sample and thus was not able to definitively establish 

the spiral features of our Galaxy. 

Fig.1.1 shows the Morgan - Sharpless - Osterbrock diagram 

updated by Schmidt - Kaler in 1965. This diagram shows the 

positions of the c lusters and associ ations with 0 to B2 stars 

and of the assoc i ated emi ss; on nebu lae ; n the ga lact; c plane. 

The above mentioned three sections of the spiral arms found 

here are shown rather neat ly as: 

the Perseus arm (80 Q < ga 1. long. < 180°) 

the Orion - Cygnus arm (60° < gal. long. < 210°) and 

the Sagittarius - Carina ,arm (285° <gal. ,Jong. < 45°). 
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Opt;c~ spiral structure of the Galaxy. The Sun 
is at the centre of the di agram. The ga lactic centre 
is in the direction toward 0° gal. longitude at 
a distance of 10 kpc from the Sun. The principal 
observed sections of the Sagittarius, Orion and 
.Perseus arms are shown. The directions from the 
Sun towards some of the key constellations along 
the band of the Mi lky Way are marked a long the per;­
pheri of the di agram. (Morgan-Osterbrock-Sharp less 
diagram updated by Schmidt - Kaler in 1965). 
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On the basis of this diagram, Becker could assert that 

the pitch a~gle of the three spiral arms averages close to 

25° (cf.Bok,1971). It is now obvious that since the locations 

of the young open clusters are not much different from the 

places of their origin, a knowledge of their distances and 

directions may be expected to trace the star forming regions, 

which are genera 11y the spira 1 features. And Becker (1963) 

showed that the young open c lusters with stars of spectral 

type B2 or earlier are good spiral tracers. 

These optical observations are superimposed on the 

radio map of the Galaxy (cf. Bok, 1971) and it is quite clear 

from this composite picture (cf. Fig.l.2), that the radio struct­

ures of our Ga laxy show very good agreement with those found 

optically, albeit in a limited region. One can also find many 

spurs and bifurcations originating from the major spiral features, 

like for example, the Vela connecting arm. Several external 

spiral galaxies also show such 'extra' features. 

Further, there are some indications of two inner features 

known as the Norma - Scutum arm and the Norma Interna 1 arm. 

And recently, a possible outermost portion of the Galaxy has 

been indicated by a few young open c lusters a long with some 

HII regions (Jackson, FitzFerald & Moffat, 1979) as shown ;n 

F;g.1. 3. Th i s lies beyond the Perseus arm in the ant i centre 

direction and is named as the Outer Perseus arm. Thus, the 

young open clusters h ave been vitally respons ib 18 for the present 

day know ledge of the structure of our Ga laxy. 
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o 
120 

Superimposed maps of the neutral hydrogen distribution 
in the Galaxy as interpreted by Kerr (1969) and 
by Weaver (1970). These are shown respectively, 
by th in li nes and dotted li nes. The hatched are as 
indicate where the location is uncertain. The points 
marked III denote regions deficient in neutral hydrogen. 
The optical features are shown by thick lines. 
The radius of the solar circle is 10 kpc. Galactic 
longitude is shown around the edge of the map. 
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as dashed lines (Diagram taken from Jackson, 
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1.4. Plan of the Thesis 

In the light of the above discussions, the present 

study of faint young open clusters, which was originally suggest­

ed by Late Prof. M.K.V.Bappu was undertaken with two major 

aims. The first was to obtain the luminosities of stars contain­

ed in the very distant hitherto not well-studied clusters. 

If these c lusters were· found young enough, then they cou ld 

as well be used as spiral arm tracers. This led to the second 

aimofsubstant·iating the existing optical picture of the spiral 

structure of our Ga laxy. In thi s regard., si nce . there was 

enough scope for this study in the anticentre direction with 

a possibi lity of reaching much greater distances, the galactic 

longitude region between 1600 and 280 0 was chosen. Thus, the 

most complicated effe·cts of the intersterlar extinction, which 

exist towards the galactic centre direction, were avoided. 

The optical observational techniques of spectral type-luminosity 

class ification and the broad band UBV photometry have been 

selected for carrying out this investigation. 

This thesis is comprised of six chapters including this 

first chapter which is an introductory one. In this chapter, 

a brief description of the termi no logy re levant to the topic 

of star c lusters is given along with a brief account of the 

present state of knowledge concerning the star clusters. 

The second chapter dea ls with the se lection of young 

tll,J~t~rs and· their provisional membership. A new technique 

of combining the spectral types of individual stars obtained 
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from the modified objective-grating spectroscopy and the V 

magni tudes est imated from the image diameters on the sky survey 

charts has been used for this purpose. 

The i nstrumentat ion and the procedures used for observa­

tions and their reduction are described in the third chapter. 

Methods for the determi nat i on of the c luster par ameters such 

as membership, reddening, distance an9 age are also mentioned. 

In ch apter four, the observations and resu lts of UBV 

photometry of the star clusters OCl 427, 493, 501, 506, 556, 

585, 674, 692, 694, 715, 762 an::I 798 have been di scussed. Va"ious para­

meters of these c lust~rs h ave been determi ned from the above 

mentioned observations. 

These c luster parameters are di scussed in the fifth chapter 

in connection with their non-coeval nature, the presence of 

non-uniform reddening and their re lationship to the structure 

of the Ga laxy. The location of some of these young clusters 

in the anticentre direction of the Galaxy strongly supports 

. the exi stence of an outer spi ra 1 feature at di stances of about 

4 to 5 kpc. A feature, which is branching off from the local 

arm and extenciing towards the Carina arm is indicated for the 

first time through optical observations. 

Fina lly, 

this study. 

also inc luded • 

the s 1 xth ch ap,ter sunvnari ses the work done in 

A few suggestions for the future programmes are 

******** 



CHAPTER 2* 

~ELECTION OF YOUNG CLUSTERS AND THEIR PROVISIONAL MEMBERSHIP 

There are about 400 open clusters in the galactic longi­

tude region of 1600 to 2800 accordi ng to the cata logue by Alter 

et a 1., (1970). Out of them a tota 1 of 72 clusters h ave no i n­

formation whatsoever regarding their magnitudes or their earliest 

spectra 1 types. 92 c lusters are li sted as h avi ng stars of magni­

tude 12 or fainter with no information on spectral types. 24 

others are given as having the earliest spectral type of 63 

or earlier, with nothing known about the magnitudes. All these 

188 c lusters were then c arefu lly ex ami ned on the correspond i ng 

sky survey charts, where a total of 104 appeared to be likely 

physica 1 groupi ngs. These are 1i sted in Tab 1e 2.1. In order 

to fi nd out the most probab le spira 1 arm tracers from among 

these physica 1 9r04pings, which may later on be subjected to a 

more detai led photomeiric work, the fo llowi ng techni que has been 

chosen. This technique involves the construction of crude HR­

diagrams, for which the spectral types obtained from the modified 

objective grating spectroscopy and the visua 1 magnitudes deter­

mined from the image diameters of stars on the sky survey charts 

were u~ed. These diagrams have been used for estimating the 

provi siona 1 membership of stars in the c lusters as we 11 as 

The results included in this chapter have partly been published, 

,v~,Qt!}:. G .S.O .Babu, 198:5, tJ M em bership of st a rs in fa int ga lactic op en 

clust'ers'l, J. Astrophys. Astr. 4, 2:55. 
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Table 2.1 The coordinates and the Trumpler classification of the 
not-we ll-studied clusters, wh ich appeared to be like ly physica 1 group­
ings on the sky survey charts in the galactic longitude region of 
1600 to 280 0 • The ear liest spectra 1 types and the brightest magnitudes 
in these c lusters are also given wherever avai lab leo (Source: Alter 
et al., 1970). 

Sl- oe 1 IAlJ No. b Ear li- Brigh- Trumpler 
No. est sp. test c 1 ass 

type mag. 

(1) ( 2) ( 3) (4) (5) ( 6) (7) ( 8) 

* 1 406 e0431+451 158.60 -1.58 B3 III 1m 
2 414 e0458+443 162.33 1.61 15.0 II 2p 

* 3 426 C0424+308 168.29 -12.30 IV 2p 

* 4 427 e0516+394 168.30 1. 32 II 2r 

* 5 435 C0511+326 173.17 - 3.48 III 2p 
6 443 C0454+287 174.09 - 8.85 III 2m 

* 7 453 e0501+237 179.15 -10.52 IV 1p 
8 461 C0445+131 185.79 -19.81 IV 2p 

* 9 478 C0630+205 192.61 5.44 15.0 II 2p 
10 483 C0524+070 196.58 -15.10 IV 2p 

*11 487 e0600+104 198.06 - 5.81 15.0 II 3r 
* 12 489 C0545+073 198.98 -10.40 III 2p 

* 13 490 C0555+078 199.80 - 8.05 15.0 III 3p 
* 14 492 e0635+109 201. 78 2.13 14.0 II 2p 

* 15 493 e0610+070 202.31 - 5.26 II 2p 

* 16 501 e0627+068 204.37 - 1.69 12.5 III 2p 

* 17 506 C0628+059 205.37 - 1.76 BO IV 3p 

* 18 512 C0628+049 206.19 - 2.28 II 3p 

* 19 519 e0619+023 207.42 - 5.52 IV 2p 

20 526 C0700+064 208.55 5.52 II 2p 

21 531 C0635+012 210.38 - 2.36 I 2p 

22 533 C0641+016 210.68 - 0.88 III 1p 

* 23 534 C0655+032 210.80 2.89 15.0 II 1p 
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1 2 3 4 5 6 7 8 

24 535 C0643+018 210.80 0.30 III 2p 

* 25 544 C0628-041 214.35 - 6.51 III 1p 

26 551 C0717-010 217.23 5.95 15.0 II 2p 

27 -552 C071~-OO8 217.29 6.31 III 2p 

28 555 C071g,-032 219.36 S.17 13.0 I 1p 

* 29 556 C0701-060 219.83 0.02 14.0 II 2p 

3Q 566 C0704-107 224.35 - 1.45 III 2p 

31 569 C0653-132 225.30 - 5.02 III 2p 
32 570 C0655-131 226.43 - 4.62 14.0 III 2m 
33 573 C0659-135 226.20 - 3.92 12.0 IV 2p 

* 34 581 C0736-105 227.85 5.38 I! Ip 

* 35 585 C0721-131 '228.43 1.04 I! 3p 
36 588 C0727-138 229.67 . 1.85 I! 3p 
37 600 C0722-169 231.78 - 0.62 14.0 I 2p 
38 603 C0658-204 232.22.- 7.32 14.0 II! 2m 
39 605 C0701-207 232.90 - 6.84 16.0 I 3m 

* 40 615 C0747-171 234.96 4.53 14.0 III 2p 

* 41 620 C0738-189 235.48 1. 78 I! Ip 
42 628 C0743-202 237.20 2.15 12.0 III 2p 

* 43 630 C0758-189 237.85 5.82 II Ip 
44 6.32 C0728-232 238.01 - 2.43 13.0 III 2p 
45 636 C0746-211 238.34 2.32 12.0 III 2p 
46 645 C0750-223 239.71 2.37 14.0 III 2p 

* 47 654 C0735- 264 241. 65 - 2.58 12.0 II 2m 
48 656 C0746-257 242.28 - 0.07 14.0 III Ip 

* 49 661 C0721-294 242.68 - 6.79 14.0 II 3m 
50 662 C07S0-261 243.04 0.52 14.0 I 3p 
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1 2 3 4 5 6 7 8 

* 51 669 C0755-257 243.30 1. 65 14.0 II 2p 

* 52 670 C0745-271 243.33 - 0.93 OB I 2p 

53 672 C0713-312 243.58 - 9.17 13.0 III 2p 

54 673 C0751-268 243.80 0.37 14.0 III 2p 

55 674 C0742-282 243.99 - 2.06 14.0 III 2m 

56 677 C0759-270 244.81 1.66 15.0 II 1p 

* 57 681 C0757-284 245.77 0.52 12.0 III 1p 

58 683 C0748-297 245.86 - 1. 74 II 3p 

* 59 684 C0756-287 246.02 0.28 12.0 III 2p 

60 686 C0812-268 246.30 4.31 12.0 III 2p 

61 691 C0810-277 246.78 3.41 15.0 III 2m 

62 692 e0754-302 247.01 - 0.94 14.0 II 3p 

63 693 e0758-301 247.32 - 0.15 14.0 IV 2p 

64 694 e0750-317 247.72 - 2.53 15.0 III 3p 

* 65 704 e0822-289 249.24 4.82 III 1p 

66 705 C0803-318 249.32 - 0.17 1j.O III 2p 

67 706 C0821-293 249.45 4.49 II Ip 

68 707 C0813-306 249.58 2.29 14.0 IV 2p 

69 709 e0819-301 249.90 3.70 II 2m 

* 70 710 C0809-318 250.03 0.95 15.0 II'I 2p 
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1 2 3 4 5 6 7 8 

71 712 e0812-318 250.43 1.55 12.0 I 2p 

72 715 e0821-328 252.28 2.45 ' II 1p 

73 717 e0817-343 253.02 0.92 12.0 III 1p 

74 718 e0823-340 253.47 2.07 14.0 IV 2p 

75 724 e0819-360 254.67 0.27 85 IV 1p 

76 725 e0820-360 254.82 0.52 III 2p 

77 728 C0836-345 255.60 3.97 13.0 I 3p 

78 729 C0842-357 257.27 4.22 14.0 III 1p 

79 731 e0829-385 257.83 0.43 13.0 III 3m 

80 732 e0838-378 258.47 2.29 15.0 III 2p 

81 738 e0800-442 259.57 -7.30 13.0 I 3p 

82 741 C0802-461 261.35 -8.00 IV 2p 

83 744 e0817-452 262.12 -5.20 15.0 I 1p 

84 749 C0919-368 263.00 9.00 13.0 II 1p 

85 756 C0917-403 265.29 6.34 II 2m 

86 758 C0831-481 265.80 -5.01 13.0 II 3p 

87 -, 759 C0840-469 265.85 -3.03 13.0 I 3m 

"sa 762 C0843-474 266.45 -2.99 14.0 III 2p 

II 765 C0918-449 268.64 3.20 12.0 III 2p . ,,' 
, ' 

W. ~9 C0859-507 270.76 -3.03 14.0 III 2p ,> ~ , " 

liGtc;"'':J~'iL.L-i#'¥lilJ,' , , , 
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91 770 

92 774 

93 777 

94 780 

95 782 

96 784 

97 786 

98 788 

99 790 

100 791 

101 794 

102 795 

103 798 

104 799 
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3 4 5 

C0940-438 270.80 6.73 

C092G-509 273.16 -0.77 

C0953-467 274.53 5.92 
~ 

C0927-S25 27S.03 -1.17 

C09'27-S34 275.69 -1.85 

C0925-549 276.47 -3.12 

C0920-560 276.79 -4.43 

C0943-537 277.70 -0.47 

C0949-529 277.79 0.64 

C0947-543 278.48 -0.59 

C0956-544 279.51 0.12 

C0919-601 279.55 -7.50 

C0959-545 279.92 

C0959-548 280.18 

0.29 

0.15 

7 

13.0 

12.0 

14.0 

14.0 

15.0 

14.0 

12.0 

12.0 

B1 

12.0 

15.0 

1S.0 

8 

III 1p 

II 2p 

I 3p 

IV 2p 

1 2p 

II 3p 

II 3p 

II 3p 

I 3p 

I 3p 

II 3p 

I 3p 

I 3p 

Note: The clusters, which we~e observed with the modified 
objective grating camera are shown with an asterisk (*). 
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the cluster reality to the first approximation. An attempt 

has then been made to pick out the young clusters containing 

stars of spectral type 85 or earlier. However, due to some 

unavoidable circumstances, the modified objective grating spec­

troscopy cou ld not be done for severa 1 of the above mentioned 

clusters, for which only visual estimates were made. 

2.1. Modified Objective - Grating Camera 

Objective prism surveys (e.g. Stephenson & Sandu leak, 

1971) have generally been effective in the identification of 

OB stars brighte.r than -12 mag. The limitation is part ly due 

to the te lescope aperture sizes and part ly due to the convention­

al techniques used for spectral classification. However, one 

can now· reach much fai nter stars, up to .... 15 mag, with the he lp 

of a simple method introduced by Haag & Schroeder (1970). In 

this method, a transmission grating is placed in the converging 

light beam of a telescope immediately in front of the focal 

plane to obtain low dispersion spectra. From such spectra, 

one can, with re lative ease, identify emission lines, in objects 

such as Wolf-Rayet stars and can separate the early type stars 

with prom; nent UV conti nua from stars of later spectra 1 type. 

A lthough the transmi ssi on grati ng photographs do not 

cover as extensive an area of the sky as covered by Schmidt 

iGb~ective pri sm plates, they h ave the advantage of a larger 

li:g1lt co llecting power and larger plate sca le of the moderate 

'a1e~co:pe, McCarthy & Mi ller (1973), Mi ller & Graham (1974) 

W4!1·'~t$o & MCCarthy (1973) had emp loyed thi s modified object; ve 
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grating technique in the searches for faint OB stars in various 

sections of the Mi lky Way. Bok ( 1980) also recomme nded th is 

Hoag-Schroeder technique for app lication to the faint open c lust­

ers so as to press these searches to even larger distances 

to aid the study of the structure of our Galaxy. 

In the present study, a transmission grating with 

300 lines mm- 1 , blazed at 6200A in the first order was used. 

The grating was placed at a distance of 25 mm in front of the 

photographi,c plate. Both the plate holder and the grating were 

fixed in a wooden box of 17cm x 17cm x l5cm size, Which was mounted 

at the Cassegrain focus of the Kavalur l02-cm telescope. The 

detai ls of the instrument are shown in Fig.2.1. In order 

to save the already faint starlight from further absorption, 

no extra opt i cal elements li ke the fi e ld corrector for ex amp le, 

were introduced in the path of the light. The exposed area 

was 16 arcmin x 16 arcmin. This, being centrally situated in 

the avai lab le 40 arcmin di ameter fie ld, was expected to have 

negligib le image distortions. This arrangement gave a dispersion 

of 970~ mm- l in the first order. 

Kodak l03a-0 emulsion plates were used along with 

this set up because of their s'ensitivity in the blue-via let 

region. Further, being a coarse grain emu lsion, it is much faster 

than many others. 

2.2. Spectral Types from the Modified (hjective-Grating Spectroscopy 

One advantage of using a grating with sma l1er number 

of grooves is that the zero order images seen in the same plate, 
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FROM 
TELESCOPE 

1 
TRANSMISSION GRATING - . (300 LINES Imm,ll ORDER BLAZE 3100A) 

25mm 

Fig. 2.1. Schematic diagram of the instrument used for Obtaining 
the objectife grating spectra with a dispersion 
of 970 A mm- in the first order. 
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provide an excellent means of identifying the stars. They are 

especially useful 11) the relatively crowded fields of clusters. 

Once the stars are identified, the images of their other two 

orders may be uti lized for determi ni n9 the i ndi vidua 1 spectral 

types. 

Fig.2.2 shows a selection of MK standard stars ranging 

in spectra 1 type from 0 to M, which have been photographed with 

the above instrument. The widen; ng of the images was avoided 

and the te lescope was guided duri ng the exposure in order to 

further save the light of the faint stars. The final picture 

on the p late shows three images correspondi ng to each star. 

They are: 

i) the zero-order images, which appear as small dots, being 

essentially the undispersed stellar images; 
i i ) the first-order images, wh i ch show a 

970~ mm-I. 
dispersion of 

iii) the second-order images, where the dispersion is 
485~ mm- 1 . 

Whi le these low dispersions, the l03a-O emus lion and 
the unwidened images, combi ne to make the photography faster, 
they limit the appearances of the images to on ly some gross 

features. Such features inc lude the strong UV continuum in 

o and early B type stars, the Balmer jump in A stars, the G 

band in the G stars, the Hand K lines of Ca II in the late 

G and K type star·s and a few mo lecu lar bands, such as TiO bands 

in the M stars. However, the shape of the intensity distribution 

in the first and the second-order images is a good indicator 

for estimating the approximate spectral types of the individual 

st ar s. E spec i ally, the second -order image s , ow i ng to the 3100~ 
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Cyg-082-8C U -B:0.10 B-V=1.35 

K3TIi HR 165 U - B = 1.50 B - V = 1.30 

Fig. 2.2. A samp le of MK standards used for ca librating the 
objective-grating spectra based mainly on the shape 
of the energy distribution in the first and second 
orders. The three spectra at the bottom are shown 
as an example of the effects of interstellar extinct­
ion on an early-type star compared with the unreddened 
late-type stars. 
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b laze in this order, are more suited for picking out the OB 

stars which possess strong UV and blue continuum. 

The images of any star are visually compared with those 

of the standard stars in Fig.2.2 and the spectral type that 

matches best, is attributed to the programme star. In some 

cases, interpolation between the spectral types of the standard 

stars is also done. In order to estimate the errors, the images 

of a few stars with known spectra 1 types have been se lected. 

They have been compared with those in Fi9:2.2 to get the unbiased 

estimates of the respective spectral types. This shows a maximum 

uncertainty of about four spectral subclasses. 

Even though this technique ;s based on the intenSity 

distribution in the continuum, the effect of interstellar extin­

ction has not proved a limitation. In order to show this, Hoag 

& Schroeder (1970) and Mi ller & Graham {1974} observed some 

early type stars with large extinctions along with some unredden­

ed late type stars. They pointed out that even though a greater 

fraction of the light is concentrated at red wave lengths in 

these low di spers ion images, the ear ly-type stars showed long 

and faded out UV trai 1 with no obvious breaks, which was not 

so in the case of the lat~-type stars. Th ; sis ; llustr ated 

in Fig.2.2, where a heav; ly obscured early-type star of the 

Cyg-OB2 association is included. Its apparent (U-B) co lour 

matches with that of a G5 V star and the apparent (B-V) colour 

matches with that of a K3 III star. Thus there is a like lihood , , 
of misclassifying this star in the absence of any other informa-
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tion. But, the smooth second-order image of the Cyg star clear ly 

indicates th at the blue region is affected by i nterste 11 ar 

extinction and what one sees is only the less affected red region. 

Therefore, the conclusion was that it must be an early type 

star, though it was not possib le to fix the actua 1 spectra 1 

type within the normal limits of accuracy. 

This technique was tried on twentyeight we ll-studied 

open clusters, randomly selected from the literature •. Ten of 

them, taken from the works of Haag et a 1. (1961), Becker (1963), 

Vogt & Moffat (1972, 1973) and Moffat & vogt 0975) are presented 

here. Some basic data on these c lusters are gi ven in 

Tab le 2.2. 

The spectral type estimates of the stars in these 

clusters are plotted against the corresponding V mag given by 

the earlier authors, in Fig. 2.3. Each diagram in this figure 

is thus an HR-diagram of the given cluster. It may be noticed 

here that the member stars, denoted by fi lled circ les, clear ly 

form the main-sequence and the non-members, denoted by crosses, 

are generally at! ay from the mai n sequence. These d i agr ams agree 

we 11 with the correspond; ng co lour-magnitude di agrams gi yen 

by the authors mentioned, demonstrating the feasibi lity cf obtain­

ing the spectra 1 types from the modified objective-g-atirg spec­

tra and the soundness of the technique. Thus assured, thi s 

t.ethflique has been applied to theprogramm~clusters, in order 

~~. 'l:~te 'out those whi1:h contain stars of spectra 1 type B5 or 

~~Jier. 
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Out of the list of the 104 'unknown' clusters CU.' 

Table 2.1), mentioned earlier, 32 could actually be observed 

during the available observing time. 6 of them show 'stars of 

B5 or earlier, with two appearing to be slightly brighter than 

the other four c lusters. Their brightness indicates the nearness 

of these c lusters to the Sun as compared to the rest. Due to 

the time bound nature of the programme and due to the i nsuffi­

cient observing time, the remaining 72 clusters were visually 

inspected on the blue and red prints of the sky survey charts. 

The procedure here, was to look for stars which are brighter 

on the blue prints. This method, though crude, was found usefu 1 

in the pre lim; nary stages. Sky survey ch arts of P a lamar Observa­

tory, of UK-Schmi dt Te 1escope and of Europe an southern Observa­

tory were used for th is purpose, from wh i ch a further set of 

6 open clusters were picked up. 

Thus, a total of 12 open clusters were finally selected, 

a 11 of which were considered to be be longing to the young cate­

gory. Tab le 2.3 gives their avai lab 1e data as comp; led ;n the 

c ata logue by Alter et a 1. (1970). A 11 these c lusters are located 

in the galactic plane (b ranging from _3° to +3°). This fact, 

further supports their young nature. 

2.3. Magnitudes from the images of the sky survey charts 

Following the procedure given by B~pu (1978) the contact 

copies of both blue and red sky su~vey ch~ts c~m:,aini n9 the 

fie 1d of each se lected c luster were subje<;:te4 to a photographic 
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technique called single stage J?abattiering J. This technique 

gives the isophots of all the images present in the photograph. 

From these isophots, the diameters <I> blue (on the blue-prints) 

and ¢red (on the red prints) of the re levant ste llar images 

were obtained in mm using an X-V coordinate measuring engine. 

Image di ameters of severa 1 stars of known B and V magnitudes 

were a lso measured on the same copies for constructing the ca li­

brat ion curves re lati ng the image diameters to the ste llar magni-

tudes. In this connection, following van den Bergh (1957), 

the known B magnitudes were direct ly p lotted against the corres­

ponding blue print image aiameters; from this, the blue (or 

B) magnitudes were obtai ned for the stars whose blue print image 

di ameters cou ld be measured. The express ion th at was used ; n 

the linear portion was: 

B -'VA. +Z 
'I' blue blue .2..1 

where the coefficients Y and Z are constants for the gi yen ch art. 

In the same way, the red magnitudes (denoted as mr ) were obtained 

for the stars whose red pri nt image di ameters cou ld be measured. 

The expressi on for the' 11 ne ar portion in thi s case was 

2.2 

However, mr includes a colour term, for which the relation is 

given by van den Bergh (1957) as: 

mr = V - ~ ( B - V) • 

Thus, with Band mr known, one can obtain V.as 

V = O. 6 mr + O. 4 B 

2.3 

2.4 

Figures 2.4 and 2.5 show some ex amp les of. the calibr~tioncurves 
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between the image di ameters and the respecti ve magnitudes for 

some of the known clusters representing different Palomar Obser-

vatory Sky Survey (PaSS) Charts. 

It may be noted that in both these figures, the curves 

for stars fainter than B or mr = 11.0 (whenever avai lab le) are 

li near. 

For the diagrams shown in Fig.2.4, the value of Y ranges 

from -27.5 to -33.5 and Zblue ranges from 17· to 21. For the 

diagrams shown in Fig.2.5, the value of S ranges from -31.5 

to -35.5 and Ired ranges from 19 to 21. 

Using these values of Band mr in equation 2.4 one obtains 

the value of V for each star. Fa l10wi n9 thi s procedure, the 

B and V magnitudes of the stars in the fie lds of the se lected 

clusters were obtained. 

2.4. HR Diagrans and the Provisional Membership of Stars in 

the Open Clusters 

It is found that the average uncertainties involved in 

the technique of obtaining B and V magnitudes fram the sky survey 

charts are of the order of 0.3 to 0.4 mag. Therefore, it is 

hazardous to consider the (B-V) co lours from these measurements 

which cou lei have otherwise been used in constructing the respect­

ive HR diagrams. In view of this, the spectral types determi ned 

f"t'- the objective grating measurements (described in Section 

.~ .. ,t} and the V mag derived from the sky survey charts (rt. Sec­

':ti~ 2.3) we're made use of in obtaining the respective approx;­

..... ~4:i agrams of six of the se 1ected clusters. For the other 
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six, this technique was not applied. 

Now the primary requirement is to make sure, that the 

star of the ear 1iest spectra 1 type seen in the fie ld of any 

given cluster is not a field star, but a probable member of 

the cluster. The fulfilment of the following two conditions 

should suffice in establishing such a membership. 

i) The star should be reasonably close to the densest 

region of the physical group as seen on the sky survey 

photogr aph. 

ii) The star should fall into the evolutionary main seque­

nce b and of the spectra 1 type - magnitude di agram, 

which is formed by most of the stars in the field. 

Thus, if the star was to the left of the main sequence, it might 

not be a member of the c luster even though its spectra 1 type 

was the ear liest of a 11 the stars in the fie ld. On the other 

hand, the stars falling to the right of the main sequence might 

be gi ant members or not members at a 11. However, the latter 

were not cruc i ali n the. pi ck i ng up of the young clusters, and 

were, therefore ignored. 

In constructing these approximate HR diagrams, the effects 

of redd i n9 on V were neg lected • If the reddeni n9 is unif 0 r m 

across the given cluster, it will introduce only a lateral 

sh ift in V, whi le a non-uniform redden; ng may create a larger , 

scatter in the main sequence. However, since this HR diagram 

is not intended for any further detailed study, the unknown 

absorption in V mag ; s unimportant at ttlisjun:eture. 
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Thus all the stars, which fall on to the main sequence 

band were given a provisional membership of the corresponding 

c luster and wh ichever c luster was found to consist of stars 

of 85 or earlier spectral types on the main sequence was consi-

dered to be a young cluster. 

This technique has been tested on a few we ll-estab lished 

clusters, four of which are presented here as a sample. The 

respective star charts are shown in Figures 2.6, 2.8, 2.10, 

2.12, which are the enlarged copies of the corresponding POSS 

maps. The numbering of the stars as given by the ear lier authors 

. has been retained; these are named as 'known ' stars. The number-

ing is continued for a few 'additional ' stars which on the basis 

of the present study, are a lso he lieved to be probab le memebers 

of the respective clusters, with a few exceptions. 

In the di agrams shown for each of these clusters, part 

(a) of the figure includes all the stars for which the spect­

tral types as we 11 as the V (POSS) magnitudes are obtained by 

using the techniques mentioned above. Part (b) shows the diagram 

after removing all the possible non-members from the diagram 

in part (a). Part (c) reproduces the colour magnitude diagram 

given by the ear lier authors. The fo llowing subsections brief 1y 

describe each of these four clusters. , , 

:2.4;.1. OCl 537 (Do lidze '25) 

This c luster has been observed ear lier by Moffat and 

"N:W~ (1975). The field is shown in Fig.2.6 where eleven 'addi-
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tional ' stars (24 to 34) have been introduced. The spectra 1 

types and V magnitudes have been determined for a totaloftwenty­

nine stars, twenty of them being the 'known' stars. Table 2.4 

compi les the results. 

In Fig.2.7a, we have considered seven 'known ' stars (2, 

5,6,7,8,20 ·and 21) as non-members, in agreement with the earlier 

work. However, Moffat & Vogt consider three more stars (3, 

4 and 14) as non-members. Out of the I additiona 11 stars 25 

and 26 could well be non-members. An inspection of the star 

fie ld a long. with the· HR-di agram snows th at the bu lk of the cluster 

is concentrated ; n the lower ~a lf of the photograph, which makes 

the membership of 1 and 24 doubtful .. Thus, in Fig.2.7b, a seque­

nce of seventeen stars is found - seven of them being 'additional' 

which, in all likelihood, are representative of the cluster. 

Fig.2.7c is plotted using (B-V) and V values of Moffat & Vogt, 

which have not been corrected for interstellar extinction. A 

comparision of this with the c lear sequence in Fig.2.7b indicates 

that our method is quite effective in differentiating a reddened 

ear ly-type member star from an unreddened late-type fie ld star. 

2.4.2. OCl 598 (NGC 2414) 

Vogt & Moffat (1972) have observed eleven stars of this 

c luster and consider'ed ten of these eleven as members. The 

field is shown in Fig.2.8, where four 'additional' stars (12 

~o ~5) are also numbered. The spectral types and V magnitudes 

t,l~~e obtained for all the numbered stars excepting star 15. 

;Jitil·le 2.5 lists the r~su lts. 



Star Spectra 1 
No. type 

1 B5 

2 A5 

3 AO 

4 B2 

5 B5 

6 A5 

7 AO 

8 A5 

9 AO 

10 FO 

12 B2 

13 B8 

14 B8 

15 B8 

17 B8 
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Table 2.4. Del 537 (Oolidze 25) 

v 

11.1 

11.8 

11. 5 

10.6 

10.4 

11. 7 

10.6 

10.3 

11.9 

8.9 

11.0 

12.3 

11. 9 

11.5 

11. 7 

Star Spectra 1 Membership No. type 

m? 18 F5 

19 AS 

20 F5 

21 F5 

22 A5 

24 B8 
• 25 KD 

26 65 

m 27 F5 

m 28 F5 

m 31 FO 

m 32 FO 

33 B8 

m 34 F5 

m 

V Membership 

13.5 m 

12.8 m 

11.5 

13.2 ... 
12.7 m 

11. 7 m ? 

11. 7 

11.4 

14.4 m 

14.5 m 

l3.S m 

13.4 m 

11. 6 m 

14.0 m 
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Fig. 2.1a. Spectral types of an the individual stars of DCl 
537 which could be estimated on the basis of the 
objective-grating spectra, plotted against the corres­
ponding V magnitudes from POSS charts. The fi ned 
circles and the crosses denote members and non-members 
of the c luster, respective ly (Moffat & Vogt, 1975). 
The open eirc les represent the stars added in the 
j)resent work. 

b. Spectral type versus magnitude (HR) di agram of DC 1 
537 after removing all the possib le non-members 
~f the e luster. 

c.; .The colour-maljnitude diagram of DCl 537' as given 
b~ Moffat & Vogt (1975). 
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Table 2.5. OCl 598 (NGC 2414) 

Star Spectra 1 V Membership Star Spectral V Membership No. type No type 

1 B2 8.2 m 8 14.0 

2 B5 10.7 m 9 13.3 

3 B8 11. 9 m 10 13.0 

4 B8 12.6 m 11 A5 13.3 m 

5 FO 13.0 12 KO 12.4 

6 A5 13.3 m 13 B5 12.2 m 

7 FO 14.2 m 14 B8 13.5 

-----------------------------------------------------------. 
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Though star 12 appears to be within the physical group 

of the c luster as seen in the photograph, it cou ld we 11 be a 

foreground, late-type star (Fig.2.9a). Star 5 has already been 

termed a non-member by Vogt & Moffat. Fig.2.9b shows a sequence 

with the most likely members, the earliest spectral type being 

B2. Th is sequence matches close ly with the one given by Vogt 

& Moffat (Fig.2.9c). 

2.4.3. OCl 618 (NGC 2384) 

Fifteen stars of this c luster have been observed by Vogt 

& Moff at (1972), four of wh i ch turned out to be non-members. 

Five 'additional' stars have been numbered (16 to 20) in the 

present work as shown in Fig.2.10. For stars 6 and 7 the spectral 

types cou ld not be estimated due to the over lappi ng of the other 

stars' spectra, whi le stars 1, 2 and 10 turned out to be too 

bright to obtain meaningfu 1 V magnitudes from the images on 

the corresponding POSS phot,ographs. The resu lts are campi led 

in Tab 1e 2.6. 

Pmong the remaining fifteen stars 3, 14 and 15 are 'known' 

non-members and star 17 appears to 1i e ~ay from the genera 1 

sequence. Thi s last one cou 1d be a background A-type star (F i g. 

2.11a). Fig.,2.11b shows a sequence of seven 'known' and four 

'additional' members. The earliest spectral type appears to 

be B3. There;s good agreement between this and the colour 

magnitude diagram given by Vogt & Moffat (Fig.Z.llc). 
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Fig. 2.9a. Spectral type plotted against V magnitude for stars 
of DC 1 598. The fi 11ed circ les and the cross denote 
the members and the non-member respectively. The 
open eirc les represent the stars added in the present 
work. 

b. Spectra 1 type versus magnitude di agram after de let; ng 
all the possible non-members. 

c. Colour-magnitude diagram as given by Vogt & Moffat 
(1972). 
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Table 2.6. OCl 618 (NGC 2384) 

'Star Spectra 1 V Membership Star Spectral V Membership No. type No. type 

1 B3 .- .. 11 B3 9.61 m 

.2 B3 12 B8 11.4 m 

3 AS ItO? 13 B8 10.7 m 

4 FO 115 m 14 PO 10.5 

5 AD 12.0 m 15 FO 12.7 ... 
6 12.7 .... 16 AS 12.4 m 

7 12.4 17 AO 13.2 

B B5 10.1 m 18 FO 13.4 m 

9 F5 13.9 m 19 F5 13.9 m 

10 BO 20 F5 13.3 m 

------------------------------------------.----------------
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Fig. 2.11a. Spectral type p lotted against V magnitude for 
stars of DC 1 618. The fi lled eire les, crosses 
and open c i re les denote the members, non-members 
and 'additional ' stars respectively. 

b. Spectral type versus magnitude diagram after deleting 
all the possible non-members. 

c. Colour-magnitude diagram as given by Vogt & Moffat 
(1972) • 
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2.4.4. DCl 626 (NGC 2421) 

Moffat & Vogt (1975) have observed twenty-eight stars 

in this cluster, out of which six have been termed as non-members. 

Fifteen 'additional' stars have been number here as shown in 

Fig.2.12. lhe spectral types could not be estimated for stars 

18, 19, 21, 23, 26, 28, 32, 39 an:! 40 whereas the V magnitudes are 

lacking for only four stars (24, 25, 39 and 40), mainly due 

to crowding effects. Table 2.7 shows the results. 

Thus, out of the forty-three stars, only thirty-two 

could be included in Fig.2.13a where stars 6, 7, 12 and 15 are 

'known' non-members and stars 29, 35, 36 and 37 are 'additional' 

non-members. Stars 38, 41' and 42 are very c lose to the known 

red giant star 5 and, therefore, are adopted as members of the 

Qi ant branch. Thus, Fig.2.13b shows sixteen 'known' members 

and eight 'addition,al' members of this cluster, with the earliE!st 

spectra 1 type as B2. The sequence in th i s p art seems to be 

mathcing fairly well with the colour magnitude diagram given 

by Moffat & Vogt which is shown in Fig.2.13c. 

2.5. Cone lusions 

On the basis of these ex1ler-irnentations, it may be cone lu-

<led that the new technique of combi ni ng spectral types (from 

tb::~; ~bjective-gratin9 s-pectroscopy) ard:the V mC9nib.Jdes (1Tom the sky 

s:qrlt·e.y chart image. di amters) works we 11 to estab 1; sh the cluster 

m,,:J~tl" Telescope time is needed only for the objective-grating 

~1~~t:QPY, wqi 1e the other parameter can be obtained from 

.. ~1Feaay avai lab 1e survey charts. It is also possible to 
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Table 2.7 oel 626 (NGC 2421) 

Star Spectr a 1 V Membership Star Spectral V Membership No. type No. type 

1 B8 11. 2 m 22 F5 13.9 m 

2 B2 10.5 m 23 13.1 ... 
3 B5 10.4 m 24 Fa 

4 B8 11.0 m 25 F5 ... 
5 GO 10.8 gm 26 12.8 

6 AO 11.2 27 Fa 13.3 m 

7 AS 12.1 28 13.9 

8 B8 11.5 m 29 FO 12.3 

9 AS 12.1 m 30 A5 12.5 m 

10' A5 12.0 m 31 A5 12.4 m 

11 Fa 12.7 m 32 12.9 

12 F5 11.9 33 AS 12.21 m 

13 A5 12.2 m 34 A5 13.3 m 

14 FO 12.7 m 35 G5 12.7 .. , . 
15 A5 11. 7 36 KO 13.8 

16 AS 12.5 m 37 B8 13.1 

11 B8 11.8 m 38 GO 11.2 gm 

18 12.9 41 G'5 11.5 gm 

19 12.2 42 G5 10.7 gm 

20 FO 13.6 m 43 B5 10.6 m 

~l . . 12.8 ... 
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Fig. 2.13a. Spectra 1 type plotted agai nst V magnitude for 
stars of OC 1 626. The fi 1 led c ire les, crosses 
and open circles represent the members, non­
members and 'additional' stars respectively. 
Spectr'a 1 type versus magni tude di agram after 
deleting all the possible non-members. 
Colour-magnitude diagram as given by Moffat 
& Vogt (1975). 
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observe much fainter stars with this method and thereby pick 

out the young c lusters at greater distances. The method of 

visually inspecting the sky survey charts for the bluer clusters 

is crude; but it is found to be useful in the initial stages. 

****** 



CHAPTER 3 

PROCEDURES FOR OBSERVATI~S AND FOR THE 

DETERMINATION OF CLUSTER PARAMETERS 

The clusters se lected in the previous chapter, have been 

subjected to more detai led photometric observations. Brief 

descri pt ions of these photometric procedures emp loyed for ob.t ai n­

i ng the stand ard magni tudes and co lours of stars in the UBV 

system of Johnson & Morgan (1953) are discussed in the first 

two sections of this chapter. Then the procedures for the deter­

mination of cluster members and for finding the interstellar 

reddening in the case of any given cluster are presented in 

the next two sections. Finally, the procedures for the determina­

tion of their distances and ages are given in the last portions 

of thi s ch apter. 

The photoe lectric and photographic observations discussed 

in this study were obtained by using the faci lities at the 

fo llowi ng observatories. 

1. Kava lur Observatory, rnd; an Institute of Astrophys i cs, 

I nd; a. 

(Longitude = 780 49 1 .6 E, Latitude = +120 34 1 .6; 

Altitude = 725 m). 

2. Siding Spring Observatory, Austra1ian National Univ ... 

ersity, Austra 1; a. 

(Longitude. = 1490 04'.0 E, l-atitl.l:de· == -:~t~: .If:'.'~~i,f" 

Altitude = 1150 m). 
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3.1. Photoe~ctric-Photometry 

The photoe lectric observations of the se lected young 

clusters were made with the l02-cm telescope (F/13) at Kavalur 

Observatory and the 61-cm telescope (FIl8) at Siding Spring 

Observatory. The photometer, the procedure for observations 

and the reduction techniques are briefly descriQed below. 

3.1.1. The Photoelectric Photometer 

A schematic diagram of the photometer is given in Fig.3.1. 

It consists of the following components. 

i) A fie ld viewer consi sti ng of a p lane mirror Ml and 

a wide-ang le fie ld eyepiece E. The mirror can be 

shifted away from the path of light to a 1 low the 

li ght to go through to the next st age. The eyep i ece 

can be given o/...-Y motions and this provision may 

be used for off-set guiding on nearby fie ld st,ars. 

ii) ·A diaphragm disc (or slide) 0 having circular aper­

tures to admit small portions of sky, generally several 

seconds of arc, located at the Cassegrai n focus of 

the telescope. 

iii) A microscope M for viewing the diaphragm aperture. 

iv) A fi lter disc (or slide) F having U, B and V fi lters 

of the Johnson and Morgan Photometric system (Johnson 

& Morgan, 1953). 

v) A Fabry lens L fixed in front of the photomu ltip lier 

tube for imag; ng the object; ve of the te lescope on 

to the photocathode. 
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----------- ----- ---- --

Photograph of the photoe lectric photometer attached to the 
l02-cm telescope of the Kavalur Observatory. 

Fig. 3.1. 
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vi) An EMI 9558 B or 9658 R photomultiplier tube having 

an effect i ve photoc athode of about 50 mm in diameter. 

The normal dark current of this tube is reduced by 

cooling. 

vii) A photomultiplier housing H, which is designed for 

cooling the photomultiplier tube by charging it 

with dry ice. Proper magnetic and electrostatic 

shielding are also provided for the photomultiplier 

tube. 

All the photoe lectric observations were obtained emp loying 

standard pulse counting techniques. A block d i agr am of the 

electronic system used is included in Fig.3.1. The on- 1; ne 

computer reads the pu lse at regu lar i nterva 1s as se lected by 

the bui 1t-in real time c lock and then prints out the number 

of counts on the te letype pr; nter accord i ng to the observer I s 

commands. 

3.1.2. The Observational and Reduction Procedures 

After identifying the c luster fie ld, a programme star 

was p laced at the centre of one of the di aphragm apertures. 

Usually, the aperture of 1 mm was used. Sometimes, to eliminate 

the presence of other stars ;n the vicinity of the programme 

st9r , a sma ller aperture of 0.6 mm had to be chosen. At least 

,:tl\~ observations through each fi lter U, B and V were taken 

J~. :t~ 6rder: 

Star + Sky, Sky on ly. 
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The integration time in the case of faint stars was gene­

rally kept at 20 seconds, while for the brighter ones, 5 or 

10 seconds were sufficient. By subtracting the (sky) measurement 

from the (star + sky)measurement in each case for each fi lter, 

the counts for the star were obtai ned and the me an of three 

observations was taken. These were then converted to counts 

per sec. At least two stars in the vicinity of the cluster 

were observed on each ni ght in order to eva lu ate atmospheri c 

extinction. The number of observations on each night for the 

purpose of extinction determination averaged around 3 for every 

two hours. 

A number of standard stars, covering a wide range of 

spectra 1 classes, se lected from the photometric sequences given 

by Landolt (1973), were also observed on each night and were 

used for the determination of instrumental constants. 

The me an count rate (n) of a star for a 91 yen fi lter 

was transformed to magnitude scale with the expressions 

v = - 2.5 log nv 

b = - 2.5 log nb 

u = - 2. 5 log nu" 

Whence the observed colour indices are given by 

n 
(b-v) = - 2.5 log (rfL) 

v 
n 

and (u .. b) = - 2.5 log (~) .. 
b 

3.1 

3.2 

3.3 

The airmass (X) was calcu lated using the expression (Hardie, 

1962) 
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x = sec Z - 0.0018167 (Sec Z 1) 

- 0.002875 (Sec Z _ 1)2 

- 0.0008083 (Sec Z _ 1)3 3.4 

where sec Z = (Sin<l> Sino + Cos <I> Coso Cos h)-I. 3.5 

In this expression, <1>, 0 and h were respectively the obser-

ver's latitude, the dec lination of the star and its instantaneous 

hour angle. Th'en, the v, (b-v) and (u-b) values of the stars 

observed for extincti9n purposes were plotted against the corres-

p~nding instantaneous airmass values. From these plots, the 

atmospheric extinction coefficients Kv' K(b_v) and K(U_b) were 

determined using the method of least squares. The observed 

quantities v, (b-v) and (u-b) of a 11 the other stars were then 

corrected for atmospheric exti nction so as to obtai n their i n-

strumenta 1 magnitudes and co lours by the use of the fo llow; n9 

relations, the resulting values being denoted by the zero sub-

scripts. 

v = v-K X o v 

(b-v)o = (b-v) - K(b_v)X 

(u-b)o = (u-b) - K(u_b)X' 

3.1.3. Computation of Standard Magnitudes 

3.6 

3.7 

3.8 

The system i c transformati ons of these i nstrumenta 1 

mag'nitudes and co lours to the standard ones were done by us i n9 

'the equations 

v = v + € (B-V) + ~ o v 3.9 
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(B-V) = lJ (b-v)o + 7; bv 3.10 

and (U-B) =1\J(u-b)o +7;ub 3.11 

Here e:, lJ, ljJ, are the tr ansformat i on coeff i c i e nts and 7; v' 7; QV' 7;ub 

are the zero-poi nt constants determi ned from the observations 

of the standard stars. Rufener (1968) has shown that 7; values 

depend upon the night ly atmospheric extinction and on the photo­

metric system. However, since the standard stars were observed 

on all the nights, the effects of these variations could be 

taken care of. Thus the i nstrumenta 1 magnitudes and co lours 

of a 11 the programme stars were transformed into the standard 

ones. The mean i nterna 1 errors (deri ved from the different mea­

surements of the same star) of the observation in V, (B-V) & (U-B) 

were respecti ve ly found to be between 0.02 to 0.03, 0.02 to 

0.045 and 0.05 to 0.10 mag. within a magnitude range of 

v = 12.0 to 15.5 mag. The 1 arger error s were app 1; cab le to 

the fainter stars. These standard magnitudes and co lours form 

the basic data for further discussions. The plot between 

(U-B) and (B-V) ;s called the colour - colour diagram and is abbre-

v;ated as CGD. The p lot between (U-B) and Vis ca l1ed the 

short wave length co lour - magnitude di agram, wh; le the one 

between (B-V) and Vis ca 1 led the long wave length co lour -

magnitude di agram. Both these names are abbrevi ated as CMOs. 

3.2. Photographic Photometry 

When th'e stars are faint and the field is toocrriwded 

for photoe lectri c photometry, direct photography witH $uitab 1e 

fi lter and p late combinations becomes very tf~flu '" 3~n(Je the 
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stars in the open c lusters chosen for this study, are genera lly 

fainter than 12 mag and most of them appear to be having fields 

with stars situated quite closely to each other, they were 

photographed using the following instrument for direct photography. 

These photogr aphs were then ana lysed to obtai n the photographic 

magnitudes of the individual stars. 

3.2.1. Direct Photography 

A schematic diagram of the instrument is shown in 

Fig.3.2. This was used with the l02 ... cm telescope at Kavalur 

Observatory and the I-m telescope at Siding Spring Observatory 

to obtain the U, B and V photographs of the selected clusters. 

For this purpose, the following plate and filter combinations 

were generally used. 

IIa-O + Schott UG 2 for U 

IIa-O + Schott GG 13 for B 

IIa-D + Schott GG 14 for V 

In some cases, 103a-O emulsion was used instead of 

II a-O. The exposure times for obtai ni ng the B and V pictures 

were usually between 45 and 60 mi nuites wh i le the range for 

the U pictures was 'gO to 100 mi nutes. During these exposures, 

guiding of the te lescope was done by using the guidi rig probe 

(£E.. Fig.3.2). 

The fie ld covered at the Cassegrai n foca 1 p lane of 

the Kavalur telescope was 40 arcmin diameter with a plate scale 

qf 15~ 9 arcsec mm -1, The fie ld of the S idi n9 Spri ng Te lescope 

~il~ &0< arcm; n di ameter and its p l~te sca le. was 25 arc sec mm- 1. 
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FROM 
TELESCOPE 

1 
GUIDING PROBE 

DARK SLIDE 

PHOTOGRAPHIC PLATE 

Fig. 3.2. A schematic di agram of the instrument used for direct 
ph otogr aphy. 
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3.2.2. Analysis of the Photographs 

The images of the stars in the fie ld of the cluster 

on each plate were measured using the PDS m;crodensitometer 

at Mount Strom 10 Observatory of the Austra 1; an Na,ti ana 1 Un; ver-

sity ;n Australia. A schematic diagram of this instrument 

is shown in Fig.3.3 and the procedure followed for obtaining 

the photogrphic magnitudes is given below. 

The p late to be scanned was fi xed on to the glass 

platten of the PDS microdensitometer and each star in 

the fie ld of the c luster was centred on the view screen 

by moving the glass platten. Its position was then recorded 

on a floppy disc as X and Y coordinates of the platten. The 

carri age with the platten wou ld then move to these positions 

in a sequential order in the automatic scanning mode. In this 

auto mode, the pattern traced out by the reading spot on the 

plate is one of the three forms, EDGE (E), RASTER (R) or FLIPPED 

RASTER (F) as shown below: 

,~ .-""'" ..... a-c _ .. ---.--- owE 

E R 

r--:---~ 
[------

-< I 
F 

A programme called FORNAX written in FORTRAN and 

designed to run under the DEC RT-ll operating system, was used 

fm scannln9~ It permits the user to define the size, reso lution 

,~ fprmat of a rectangu lar scan pattern and to perform this 
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scan either at nominated position of the stage or at a series 

of locations which are stored on floppy disc as pairs of coordi­

nates. In this study, the flipped raster (i.e.} F) was selected 

with a scanning speed of ~ lJIl sec-1• A total of 61 steps in both 

X and Y axes were covered, the step size being 20 f,lm;n both X 

and Y. The eff lux and i nf lux apertures were kept at 30 f,lm for all 

the scans. And all the measurements were done ;n density mode. 

The measured data were recorded on the magtape and the 

scanning was monitored on the teletype printer. During this monitor­

ing, the counts in each step of the middle line (i.e., line 31 

in this case) were printed. 

The data co llected on magtape was processed on the V AA 

11/780 computer with the help of a software package called APEX. 

In this programme, which was developed by Newell and Harding at 

Mount Strom 10 Observatory, the density of the ste llar images were 

transformed to an arbitrary magnitude sc a 1e for each of U, Band 

V plates. 

These arbitrary U, B, V magnitudes (denoted as ml ) pg 
for the programme stars in each c luster were standardized in the 

following manner~ the photoelectrically observed stars were indivi­

dually picked from each plate and their photoelectric magnitudes 

'pe' Spe' Upe (denoted as mpe) were separately plotted against 

'the corresponding arbitrary photographic magnitudes ml pg' In 

'th~se p lots, the stars in the range of 12 to 17 mag in V and 
pe 

~ ... ~ found to show good linear re 1ationships. The same stars 

Nt .~ case of Upe however, showed a s 1; ght ly larger sc atter. 
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All the measured values of m' pg on a gi ven plate 

were then converted into the mpe scale with the help of the 

plots mentioned above. For only one cluster (OCl 585), the 

X-V coordinate measuring engine was used (Babu, 1985) in the 

same manner as was done for the sky survey charts, where the 

image di ameters were transformed to photographic magnitudes 

(cf. Section 2.3). The uncertainties in these standardized 

va lues were found to be .$!. 0.15 mag in B and V, about + 0.2 

mag in U. 

In this way, the photographic magnitudes and co lours 

of as many stars as possible in the fields of all the 12 clusters 

were determined. These are listed in the respective tables 

of the individual clusters, which are dealt with in the next 

ch apter. 

3.3. Procedure for the Determination of Cluster Membership 

The first requirement for the determination of cluster 

parameters and for the investigation of different prob lems 

concerning clusters, is the separation of cluster stars from 

field stars (van Altena, 1972; Slovak, 1977). This determination 

of c luster membership can be accomp lished through anyone, 

or more, of the following criteria. 

3.3.1. Photometric Criteria 

In this method, the determination of cluster membership 

is based on the assumption that the stars in ~givert c lus,ter 

have the same chemical composition and are formeq at th,e same 
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time. Therefore, the c luster stars chou ld show a we 11 defi ned 

sequence in their co lour - co lour di agrarn (CCD) and the co lour 

- magnitude di agrarns (CMDs) as expected from the theory of 

ste llar evo lution. Thus, an inspection of the CCD and of the 

two CMDs would normally reveal a sequence of several stars 

which is para lle 1, or near ly so, to some part of the zero-age­

rna; n sequence (ZAMS) , ; n at le ast one of the three d i agr ams, 

if the cluster is real. If this was not the case the cluster 

was considered to be a random group of field stars. 

If the resu lt was positive, there were two cases 

to be considered. 

Case (a): The sequence was present in all the three diagrams. 

This implies non-variable reddening across the cluster. The 

procedure described in Section 3.4 is then used to determine 

the mean reddening to deredden the CMDs. 

Case (b): The sequence was apparent on ly in the short wave length 

CMD. This implies variable reddening across a young cluster 

in which the MS- is nearly parallel to the reddening line in 

the short wave length CMD (but not so in the long wave length 

CMO). In older, sparse clusters with variable reddening, the 

pr,oblem of membership is more difficult. For such clusters, 

one needs spectra 1 types a 1so. For young c lusters with vari ab 1e 

r£~dening each st~r was corrected individually to obtain the 

4er~dened CMOs, as has been described in Section 3.4 . 

.The final determination of membership was made under 

Iii a~~umptiQn that a member, must fulfil the following criteria: 
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1. The reddeni ng of the star must be compatib le 

with the majority of. stars, which in turn, could 

be cluster members. However, in the case 

of the reddening being variable it becomes more 

difficu It. 

2. The location of the star in both CMOs must corres­

pond to the same possible evolutionary stage 

in the cluster. 

(a) the star is lac ated be low the ZAMS in one or 

both CMOs, it may be inferred to be a background 

star; 

(b) the star is lac ated on the ZMo1S in one CMD and 

above it in the other, a foreground star ;s 

imp lied; 

(c) the star is located above the Z~ in both CMDs, 

the fo llowi ng subcases ari se: 

i. If the star is too f ai nt to be a .post-rna; n-sequence 

member, according to known evo lutionary tracks 

(e. g. Wi lde, 1968) , then it 15 a foreground 

star. 

ii. If the brightness of the star 1s compatible 

w; th ttl at of the bri ghtest known c luster members, 

then it is possib ly a giant member. 

iii. If the star is one of tAefa1tl~est Qbs.rwd 

and the cluster ; s very young, tblltt it is pO$&ill.ly 

a pre-mai n-sequence contract iJ)Q _'lft.-rl', 
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3.3.2. Kinematic Criteria 

In this method it is assumed that the kinematic proper­

ties of the c luster members are simi lar but are different from 

those of the field stars. Relative proper motions and radial 

velocity measurements are used for this purpose. The latter 

limits the method to stars brighter than about 12.0 mag (Moffat, 

1972) whi le the former permits one to go up to approximate ly 

the sixteenth magnitude (van Altena, 1972) with a telescope 

of moderate size. A method for the determination of cluster 

membership from proper motion study has been given by Vasi levskis 

et a 1. (1958), and the same h as a 1so been adopted for computers 

by Sanders (1971a). However, none of the clusters se lected 

in this work have known proper motion studies, and therefore, 

this method cou ld not be app lied here for the determination of 

the cluster members. 

3.3.3. Statistical Criteria 

In this method the density of fie ld stars, estimated 

from outside the c luster region, is used to estimate the number 

of fie ld stars present in the c luster region. In this case, 

it is assumed that the density of the fie ld stars ,is uniform 

across the whole field. Such a method was first used by Ozsvath 

(1960) for the a ld rich cluster NGC 7789. Vogt (1971) used 

it in a more refined way, for the young rich clusters hand 

X Perse; in which the vari ation of reddeni n9 across the measured 

fields was taken into account. Moffat (1972) has applied this 

method for a number of other clusters. The method in brief, 

is as follows: 
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Photographic UBV magnitudes are obtained for all stars 

in a region which well encloses the cluster. Another field, 

the tota 1 area of which is at least as large as that of the 

cluster region itself and is located far enough from the cluster 

centre, is also selected. However, this field should not be 

so far that the space density and mean reddening differ apprecia­

bly from that in the direction of the cluster. When this condi­

tion is satisfied, a statistical subtraction of the number 

of compari son fi e ld stars from the number of stars in the cluster 

region wi 11 reveal a net positive difference. However, this 

method only enables an estimation of the total membership of 

a cluster, but does not help in the determinati'on of individual 

membership (Sagar & Joshi, 1978a). As such, since the require­

ment was for the individua 1 membership of the programme clusters, 

on ly an approximate estimate of the fie ld stars inside the 

c luster boundaries was made by visua 1 ; nspection of the sky 

survey charts. This appears to be almost negligible due to 

the very small angular diameters of these clusters. 

3.3.4. Spectroscopic Criteria 

In this method the membership is based on the fit between 

spectra 1 - luminosity type (MKK classification) and position 

in the colour-magnitude diagram, taking into account th$ effects 

of ste llar eva 1ution. The limitation of this method is, that 

one cannot app 1y it for stars fai nter than V ...., lZ mag (Moffat, 

1972) wi th te lescopes of moderate size ~ HO\tt~l!'t til., ·tMtHof 

described in Chapter 2, is capab 1e of re«ctJit'lg .up ,to' abodt 

15 mag with some to lerab le uncertainties .. 
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One may also note that whi le using the photometric 

criteria, there is no a priori way of identifying unusual stars. 

Therefore, astrophys ica lly important pecu li ar objects, the 

runaway stars for instance, may not be recognied as such, 

whi le the kinematic methods help to identify them. 

In light of the above discussions and in the absence 

of the proper motion studies, the photometric method has been 

given the preference, along with the provisional membership 

obtained from the modified objective grating - sky survey chart 

work being the starting point, if avai lable. Thus, the individual 

membership in each cluster was determined and the results have 

been tabulated in the next chapter, along with the respective 

clusters. In genera 1, out of the observed stars, those which 

appe ared to be members in each of the progr amme c lu sters, have 

been found to be in the range of 10 to 30, with just one except­

ion, for which 55 members have been counted. 

3.4. Procedure for the Determination of Reddening 

A fair know ledge of the interste llar reddening is necess­

ary to determine intrinsic properties of the cluster stars. 

In UBV photometry, this reddening can be determined with the 

help of (U-B), (B-V) colour-colour diagram (Becker & Stock, 

1954). Stars reddened by interstellar absorption are found 

displaced with respect to the unreddened stars of the same 

intrinsic colour paralle 1· to the reddening line, the slope 

of which is given by the ratio of the co lour excesses, 
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0.72 (cf. Johnson & Morgan, 1953). 

Thus, a comparison of the (U-B.) versus (B-V) diagram of the 

main sequence (MS) stars for a given (reddened) cluster with 

the unreddened mai n sequence wou ld reve a 1 the amount of reddeni ng. 

One wou ld expect to find the reddened MS stars of the c iuster 

di sp laced para lle 1 to the redden; ng li ne by an amount equa 1 

to the colour excesses E(B-V) and E(U-B), as is shown schematica­

lly;n Fig.3.4. Thus, the interstellar reddening in the direct­

ion of the c luster can be determined. 

The photometric sequences of open clusters in the 

colour-colour diagrams exhibit dispersions from one case to 

another. The causes of di spersion ; n a c luster sequence are 

differential extinction, stellar evolution, stellar duplicity, 

stellar rotation, differences in chemical composition, dispersion 

in ages of c luster stars, dispersion ;n the distances, presence 

of non-member stars and the inaccuracies ;n the data (Burki, 

1975). The effect of differential reddening (or extinction) 

on the young c luster sequences is more because of the presence 

of the interste llar matter either inside, or .in the vicinity 

of the c luster, or the circumste llar she 11s around the cluster 

stars (Burki, 1975; Wallenquist, 1975). If one considers only 

the MS member stars of the cluster, then the various effects 

mentioned above (apart from the differential extinction) produce 

dispersion of the order of 0.09 mag in the (U..,S) 

(B-V) diagram (Burki, 1975). 

versus 
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Consequent ly, the MS c luster members with dispersions 

15 (B-V) larger than 0.09 mag which corresponds to A E(B-V) ::: 

0.11 mag, (cf. Fig.3.5) clearly indicate ,the presence of non­

uniform extinction across the cluster. For this reason, follow­

ing Burki (1975), the minimum and maximum co lour excesses were 

determined by fitting the measured MS stars to the intrinsic 

MS, as shown schematically in Fig.3.5. The difference 

tJ( B- V) between the max imum and m; nimum co lour excesses is a 

measure of the differential. extinction. 

The reddening can also be determined using the Q-method 

of Joh nson & Morgan (1953). The parameter Q of the UBV system 

is defi ned as 

Q = (U-B) - E(U-B) (B-V) 
E(B-V) 

with (B-V)o = 0.332 Q. 

3.12 

3.13 

However, this is valid only for 0, Bstars lying on the MS 

(Johnson & Morgan, 1953). The co lour excess for such stars 

is then deterininedusing the expression (Go lay, 1974), 

, 2 
E(B-V) = (B_V).,,:·(U-Bkx (B-V) .. 0.05(B .. V) 3.14 

3.012 .. 0.05 (B-V) 

wherein X= 0.62 - O.3(B-V)o for (B-V)o'- 0.09 mag 3.15 

and X = 0.66 + O.08(B-V)o for (B-V)o > - 0.09 mag 3.16 

as gi ven by Kamp (1974). 

The colour excess E(U-B) ;s then calculated using the expression 
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Fig. 3.5. Schematic description of the method of measuring 
1£( B-V) ; n the (B-V), (U-B) di agram. The sh aded 
area ;s the region occupied by the MS ~luster members. 
E(B-V) i and E(B-V) are the minimum and maximum 
(B-V) "tcf110ur excessegta~f the stars. o(U-B) and o(B-V) 
are respect i ve ly the di spers; on of the c lus ter 
MS in (U-B) and in (B-V), at a gi yen spectra 1 type. 
Unreddened MS ;s taken from Schmidt-Kaler (1965). 
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E(U-B) = [X + 0.05 E(B-V)] E(B-V). 3.17 

3.5. Intrinsic Magnitudes and Colours 

The intrinsic V magnitudes and the colours of the cluster 

stars were determined by correcting them for the reddening 

across the cluster. When the reddening was found vari ab le, 

the corrections were app lied individua 11y to the c luster star. 

Otherwise, a mean value of the reddening was used. The total 

~sorption A was calculated, from the relation v 

Av = R.E(B-V) 

using the va lue of the above mentioned E(B-V). Following the 

discussions by Moffat & Schmidt-Kaler (1976), the ratio of 

tota1-to-selective absorption R is taken as 3.25, which is 

~ considered va lid for a 11 regions of the Ga laxy with a mean 

error.:: 0.05, except perhaps for very local higher values in 

the young T Tauri stars. The intrinsic V magnitudes and the 

colours (denoted by subscript '0') have then been calculated 

using the expressions 

3.18 

(B-V)o = (B-V) E(B-V) 3.19 

and ( U - B) 0 = ( U - B ) E ( U - B ) • 3.20 

These intrinsic values were then used to construct 

the two main diagrams for the study of these c lusters. They 

are the p lo't:$between (U-B) and V and the one between (a-V) and 
o 0 0 

Vo' It is found that the E (B-V) of the programme clusters 

range from a quantity as sma 11 as 0.00 mag to about 1. 20 mag. 
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And the range of A is found to be from 0.00 mag to 3.55 mag. v 

3.6. Procedure for the Determination of Distance to the Cluster 

It is logical to assume that all the stars of a cluster 

are situated approximate ly at the same di stance from the Sun. 

The distance modulus to the cluster ;s deterimined using Va' 

(B-V)o and Va' (U-B)o CMOs of the cluster. Theoretica lly, 

for young clusters, the distance determined from Vo' (U-B)o 

CMD is more reliable than that determined from the Va' (B-V)o 

CMD since the upper part of the ZAMS is much less steep in 

the former diagram (Becker & Fenkart, 1970, 1971). In th i s 

work, the distance modulus of each cluster has been determined 

by fitting the standard ZAMS given by Schmidt-Kaler (1965) 

on to their respective Vo' (B-V)o and Vo' (U-B)o diagrams and 

the correspondi ng average va lue of the di stance mod u lu s 

(Vo-M) has been adopted for the given cluster. 

Once the distance modulus is known, the distance 0 to 

the cluster (in parsecs) can be calculated from the relation 

log 0 = 0.2 (Vo-M) + 1 3.21 

The a.tncertai nty of the photometric distance determ; nat ion 

;s caused, first of all, by the inaccuracy in estimating the 

amount of absorption and second ly by the inaccuracy of the 

phlotometric zero po; nt. These effects, if present, wou ld ch ange 

'the distance modu lus systematically by severa 1 tenths of a 

~asf}; tude . 
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The abso lute mean error E (D) in di stance determination 

can be estimated from 

E (0) = ~ 0.4605 [D.E(Vo-M)]. 3.22 

According to Becker (1963, 1972), the minimum uncertainty of 

the distance modulus determination is of the order of 10 per 

cent. ,Applying this method, the distances of the programme 

clusters h ave been found to be in the range of 0.6 kpc to 7.1 

kpc with the mean error rangi ng from about + 0.10 kpc to 

+ 0.7 kpc. 

3.7. Procedure for the Determination of Age 

The most wide ly used methods of age determination for 

open c lusters are sing le parameter methods such as turn-off 

point (Sandage, 1957b, 1963; Gray, 1963), the brightest ,star 

on the MS (L i ndoff, 1968), the bluest star and the second bluest 

star on the MS (Taff & Littleton, 1973; Harris, 1976) etc. 

The rnai n feature of a 11 these methods ; s their simp l;city. 

Thus ;n order to estimate the age of a cluster, it would be 

sufficient to know the position of a few cluster members (the 

brightest, the bluest) ;n the HR - diagram. However, these 

sing le parameter methods are rather approximate, and often 

ages deterrni ned for the same c luster by different authors differ 

by factors of 2 to 5 (Pa lous et a 1.,1977). 

The comparison of a cluster HR - dh,·. wit~ sets cof 

i sochrones gi ves a considerab ly m$t~ ~cut.~~ ~t't~! tlrl ~e 

cluster age (Palous et al., 1977}. ltr tb.i~'IW~~ "a; ~i~lt? 

of the evo lved c luster members ar'e :taike.n into1,,:~~~,~. 



- 80 -

The accur acy of age determi nat i on on the bas is of i soch ro­

nes depends on the following factors, (cf. Palous et al., 1977). 

1. The accuracy of the observational data relating to 

the cluster HR-diagram. 

2. The effects influencing star positions on the HR­

diagram such as unresolved double stars, rotation 

of early type stars, circumstellar envelopes of young 

stars etc. Systematic errors may be introduced by 

the chemica 1 composition vari ations from cluster 

to c luster, as we 11 as by the uncertainties in the 

determi nation of distances and i nterste llar absorptions. 

Piskunov (1977) indicates that the variation of the 

chemica 1 compositiQn from c luster to cluster is a 

maj or source of error in age est i mat ion. Howe ver , 

since the effect of th is 'f actor decre ases as the 

stellar mass increases, it is relatively small on 

age estimation of the young cluster. 

3. The evolutionary stage of the star (e.g. the giant 

phase, main sequence phase, gravitational contraction 

phase, etc.). According to Piskunov (1977) the error 

in age determination based on stars of equal masses, 

but evo lvi n9 to or off the ZAMS, is about 2 orders 

of magnitude. For instance, the evolution in the 

gravitational contraction phase is relatively faster 

than the hydrogen burning or the giant phase of evolu­

tion. 
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4. The uncertainty due to the transformations 

However, it has been noted by Palous et a1., (1977) that 

age uncertainties caused by the above effects are of the same 

order of magni tude as those introduced by random errors in 

Vo and (B-V)o of each star in the HR - diagram. The same authors 

have a 1so shown that whi 1e the abso lute error in age estimation 

increases with cluster age, the relative error depends only 

slightly on the c1suter age, decreasing somewhat for old clusters. 

The mean re lative error has been found to be about 40%; the 

best determinations give about 20%, the worst about 70%. 

In the present work, the isochrones given by Barbaro 

et al., (1969) have been used for stars evolving off the ZJlMS 

in estimating the stel,lar ages. On the other hand, for stars 

in the stage of gravitiona 1 contraction, those computed by 

Iben (1965) have been used. These curves in the p lane of 

(Mv, (B-V)o) have been taken from the work of Joshi (1980). 

The ages h ave a 1so been deri ved by the method gi ven by 

Sandage (197Sb) for clusters which distinctly show the turn-

off points. The age t, of the c luster is determined using 

the expression 

t :;: 1.10 x 1010 r ,3.23 

where .)( and L are mass and lum·ino:$itU iIf~w&t~'l~;·J~t· ~ i1_ 
so 1ar unit~. These two quantrfl~s c&rt~~~ ,.; .. at;f51;"~' 'r_lill 
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magnitude at the turn-off poi nt and are taken from Schmidt-

Kaler (1965). 

The ages of the c lusters covered in this study are in 

the range of 6.0 x 106 to 5.9 x 108 yrs. 

******** 



CHAPTER 4 

OBSERVATIONS AND RESULTS 

Out of the twe leve clusters se lected for the photo­

metric observations, there are seven for which very little 

information exists. The remaining five clusters have some 

estimates of distances, though there seems to be a sizeab le 

amount of discrepancy among the values given by various authors 

for anyone cluster. The amount of interste llar reddening 

has been calculated only for two of these clusters, namely, 

OC 1 501 and OC 1 798. For OC 1 501, RGU photometry is availab le, 

wh i le UBV photometry is avai lab le for OC 1 798. The latter 

has been specifically chosen as a test cluster to check the 

procedures followed in the present work. It is found that 

the results obtained for this cluster by FitzGerald, Jackson 

& Moffat (1977) match very closely with those obtained in 

the present work. The avai lab le i nf ormat ion for the twe lve 

c lusters is compi led ;n Tab le 2.3, most of which comes from 

the Oel catalogue. 

A brief description of the observations and the 

resu lts obtained for each of these c lusters are given in this 

ch apter. The fields of these clusters, as seen directly on 

the respective sky survey charts, are present~d in ,:Ei9·4~L 

EXcepting for OC1, 798, the enlarged find:tng charts ar~ mad~ 

from the copies of the blue plates of the cCY'respo:nding sky 
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survey charts. In all cases, the numbering of the individual 

stars, done in this work, has been used. For ten of them, 

this is the first numbering attempt. The following notations 

have been used in all the diagrams of this chapter. 

Fi lled circ les or fi lled J: 
tri ang les 

Unfi lled ci rc les or 
unfi 1 led tri ang les 

Ha If-fi lled circ les 

Crosses 

4.1. OCl 427 (Czernik 20) 

Members observed through 
photoelectric photometry 

Members observed through 
photographic photometry 

Doubtful members 

Non-members 

Czernik (1966) was the first one to consider this 

group of stars as a c luster with three hundre d and twenty 

five possib 1e members and estimated its angu lar di ameter as 

18 arcmin. . Accordingly, Ruprecht (1966) classified it as 

II 2 r in the Trump ler system. The richness is obvious on 

the finding chart, which is displayed in Fig.4.2. This is 

the only 'rich ' cluster in the present programme. 

4.1.1. Selection and Observations 

This cluster was selected on the basis of the objective 

grating spectroscopy (cf. Chapter 2). The exposure time was 

75 minutes on a l03a-O emulsion and from this plate, spectral 

types could be assigned for a total of sixteen stars. This small 

number was due to the fact that the first and second order spectra 

of most of the stars were lost in the richness Qf the cluster. 
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The estimated spectral types are listed in Table 4.1 along 

wi th the V (POSS) magnitudes. Stars 4 and 40 show spectra 1 

types of BO and B2 respectively with star 88 showing type 

B5. In the V( POSS) magnitude - spectra 1 type p lot shown 

in Fig.4.3, star '88 appears slight ly to the right of the MS 

and therefore considered on ly as a doubtfu 1 member. Star 

4 is perhaps too bright for this cluster. Further, its location 

is marginally CJlJay from the 'rich ' area, thus making it a 

probable non-member. Stars 20 and 35 are considered as non­

members, whi le stars 45 and 46 cou ld be be longing to the gi ant 

category. 

The photoe lectric observations of this c luster were 

done using the 61-cm telescope at Siding Spring Observatory 

(cf. Section 3.1). Standardized magnitudes and co lours 

for a tota 1 of twe lve stars were obti ned and the va lues are 

inc luded in Tab le 4.1. The coefficients of the atmospheric 

extinction, the transformation coefficients and the zero-point 

constants (cf. Equations 3.6 to 3.11) are gi ven be low. 

Kv = 0.165 e: = 5.435 1'; v = 0".303 Z 

K{b_v) = 0.155 lJ. = 0.034 Z;;bv = 0.785 'I rfill iJYl fJ 1, 
, ,...~" 
},~c. , ~ 

K(u_b) = 0.200 ljJ -, 2.225 1';ub = -2.693 

The U, St V photographs of this cluster were taken 

:_;.:,,~ he 1p of ~02-cm te 1escope at Kava lur Observatory (cf. 

Th~ p late and. fi, lte,r combi nation a long with 

~r~ tireiS are as follows. 
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Table 4.1. The observational data for individual stars in the 
open cluster OCl 427. 

Spec- V Star t r a 1 V (B-V) (U-B) Vo (B-V)O (U-B)o E(B-V) NJ. 
type 

(Sky 

sur vey) 

1 2 3 4 5 6 7 8 9 10 

Photoelectric photometry: 
4 80 8.8 9.122 0.013 -0.204 
8 14.454 0.270 -0.178 13.154 -0.13 -0.46 0.4 

20 AO 12.2 12.630 0.675 0.822 
30 B8 14.2 14.669 0.381 -0.033 13.073 -0.11 -0.39 0.491 
46 K5 12.234 1.449 1.12Q 10.755 0.994 0.795 0.455 
59 85 12.2 12.592 0.194 -0.621 11.084 -0.27 -0.95 0.464 
83 11.725 1.434 1.134 10.246 0.979 0.809 0.455 

85 }4.448 0.423 0.198 12.943 -0.04 -0.14 0.463 

88 85 10.9 10.526 0.198 -0.348 9.33 -0.17 -0.61 0.368 

93 12.192 0.197 -0.587 10.707 -0.26 -0.92 0.457 

Photographic photometry: 

2 13.44 -0.11 0.15 

3 13.67 0.68 0.15 

11 15.44 0.33 -0.15 13.90 -0.14 -0.49 0.47 

12 16.79 0.68 1·0.10 

13 14.98 0.39 0.24 13.65 -0.02 -0.06 0.41 

14 85 13.0 12.84 0.21 -0.56 11.35 -0.25 -0.88 0.46 

15 13.80 0.28 0.17 

16 14.95 1.06 0.35 
17 14.30 0.50 0.33 12.82 0.04 0.00 0.46 

18 14.05 0.34 -0.07 12.60 .. 0.11 -0.39 0.45 

19 12.71 0.25 -0.47 11.18 -0.22 -0.80 0.47 

22 13.17 0.25 -0.55 11.50 -,0.26 .. 0.92 0.51 

23 13.88 0.28 -0.13 12.57 .. 0.12 .. 0.42 0.40 

Member-

5 hip 
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m 
m 
m 
m 
m 
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m 

m 
:-

m 
m 

m 
m 
m? 
m 
m 



- 90 -

1 2 3 4 5 6 7 8 9 10 11 

24 14.07 0.84 0.12 
25 B5 12.6 12.80 0.23 -0.57 11. 23 -0.26 -0.92 0.49 m 

28 14.50 0.33 -0.10 13.04 -0.12 -0.42 0.41 m 
29 15.94 1.00 0.95 
35 AS 12.5 12.07 0.78 -0.14 
37 16.14 0.61 0.65 14.66 0.15 0.33 0.46 m 
39 12.72 0.24 -0.55 11.15 -0.25 -0.90 0.49 m 
40 B2 11. 7 11.47 0.15 -0.45 10.34 -0.20 -0.69 0.35 m 
41 14.94 0.68 0.24 13.46 0.22 -0.09 0.46 m 
42 16.02 0.82 0.57 14.54 0.37 0.24 0.46 m 
43 B8 13.6 13.47 0.25 -0.31 12.11 -0.17 -0.61 0.42 m 
44 B5 12.9 13.25 0.25 -0.42 11.77 -0.21 -0.74 0.46 m 
45 KO 12.4 11.97 1.28 0.97 . 10.49 0.82 0.64 0.46 m 
47 B5 12.5 12.90 0.20 -0.58 11.44 -0.25 0.90 0.45 m 
48 14.29 0.25 0.38 

49 14.36 0.20 -0.06 13.49 -0.07 -0.25 0.27 m 
51 12.26 1.21 0.99 10.78 0.76 0.66 0.46 m 
52 14.54 0.29 -0.35 12.95 -0.20 -0.69 0.49 m 
53 14.19 1.12 -0.22 
55 14.41 1.89 0.61 

56 16.62 0.82 -0.59 
57 13.70 0.28 -0.16 12.37 -0.13 -0.46 0.41 m 
60 13.47 0.24 -0.41 12.01 -0.21 -0.73 0.45 m 
61 12.98 1.51 1.29 11.51 1.06 0.97 0.46 m 
62 15.39 0.52 -0.58 
63 12.51 0.26 -0.63 10.73 -0.29 -1.01 0.55 m 
is 13.57 0.33 -0.17 12.05 -0.14 -0.51 0.47 IfI 

16 ~ 17.02 0.23 -0.53 ., 
,t-' 12.38 1.21 0.94 10.90 0.}6 0.62 0.46 m 

18 ~ 15.83 1.08 -1.20 
iii 'fr .. 16'.40 0.80 0.24 14.92 0.35 -0.08 0.46 
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( 1) (2) ( 3) ( 4) ( 5) ( 5) (7) ( 8) (9) (10) ( 11) 

71 16.51 0.81 1.01 
72 15.58 0.81 0.18 
73 15.92 0.55 0.11 13.81 -0.10 -0.36 0.65 m 

75 15.76 0.59 0.22 14.28 0.13 -0.10 0.46 m 

76 14.51 0.38 -0.14 12.81 -0.14 -0.52 0.52 m 

77 15.40 0.49 -0.01 13.39 -0.13 -0.46 0.62 m 

78 13.44 0.25 -0.37 12.02 -0.19 -0.68 0.44 m 

80 15.75 0.68 0.54 14.27 0.22 0.21 0.46 m 

81 13.99 0.27 -0.16 12.74 -0.12 -0.44 0.39 m 

82 15.29 0.51 0.35 13.81 0.05 0.03 0.46 m 

84 15.77 0.64 0.37 14.29 0.18 0.05 0.46 m 

86 B8 14.2 14.40 0.27 0.01 13.29 -0.07 -0.24 0.34 m 

87 B8 14.0 14.32 0.38 0.11 12.90 -0.06 -0.21 0.44 m 

89 15.92 1.49 -0.03 

90 15.24 1. 48 0.24 

91 14.43 0.31 -0.36 12.75 -0.21 -0.74 0.52 m 

92 13.65 0.29 -0.17 12.28 -0.13 -0.48 0.42 m 

100 13.68 0.44 -0.06 11.85 -0.13 -0.48 0.57 m 

f(n 14.31 0.41 0.61 

106 14.16 0.48 0.25 11. 91 -0.09 -0.30 0.69 m 

107 14.45 0.36 0.01 12.99 -0.21 -0.75 0.45 m 

111 12.11 0.24 -0.50 10.60 -0.23 -0.84 0.47 m 

112 15.82 0.71 1. 25 

114 12.90 0.26 -0.47 11. 31 -0.23 -0.82 0.49 m 
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Spectral types obtained from the modified 
grating spectra plotted against the V 
estimated from the POSS charts, for 
in the field of OCl 427. 
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Plate Fi lter EXQosure time 

103a-0 UG2 60 min for U 

103a-O GG13 60 min for B 

IIa-D GGII 60 min for V 

From these plates, the photograph ic magnitudes were 

obtai ned for a tota 1 of seventyseven stars (i nc lud; ng the 

twelve photoelectrically observed -stars) on an arbitrary scale, 

which were then standardized using the above mentioned photo­

electric observations (cf. Section 3.2.2). These magnitudes 

and colours are also listed in Table 4.1. 

4.1.2. MembershiQ 

In the absence of any other i nformati on about thi s 

cluster, only photometric criteria were used to determine 

the membership of the individual stars. The CeD and the two 

CMDls of this cluster were examined for this purpose as descri­

bed in Section 3.3. Figs. 4.4, 4.5 & 4.6 re.spectively show 

the CCD, the (B-V) vs. V diagram and the (U-B) vs. V diagram. 

In spite of the slightly larger scatter a majority of the 

stars appear to be forming a sequence in all the three diagrams. 

By mark; ng the bound aries for the stars 1 n the most like ly 

sequence on the CCD and by picking out the same stars on the 

two CMD IS, a tot a 1 of f i ftyf i ve st ars h ave been adopted as 

the most probab 1e members of the c luster out of the observed 

seventyseven stars. Six of the members are seen to be located 

in the region of red gi ants. On ly star 88 appears to lie a litt 1e 

too bright to be a member, if the 91 ants. are considered as 
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members. Therefore, it (star 88) is taken as a doubtfu 1 member 

All the membersare denoted by Iml in Table 4.1, with the doubtful 

members as m? 

4.1.3. Reddening 

The CCO in Fig. 4.4 shows a sequence formed by most of 

the stars. The boundaries of this sequence show a difference between 

E(B-V)max and E(B-V)min as 

~E{B-V) = 0.15 mag. 

Simi lar ly l!.E{U ~·B) = 0.11 mag. 

These, being slightly larger than the values due to the natural 

dispersion (g. Section 3.4), suggest a var;ab 1e extinction across 

the fie ld of the c luster. Hence the stars were corrected indivi­

dua lly for the interste llar reddening, which was found to vary 

between E( B-V)max = 0.53 mC9 and E( B-V)mi n = 0.38 mag. Simi lar ly 

E(U-B)max = 0.38 mag and E(U-B)min = 0.27 mag. The individual 

E(B-V) values have been included in Table 4.1. 

Using these individual E(B-V) values, the corresponding 

va lues of \ were obtained and were found to be between 1. 72 mag 

and 1.24 mag. These, in turn, were used to correct the observed 

V values. All these corrected mangitudes and colo'urs are included 

;n Tab le 4.2 as Vo' (S-V)o and (U-S}o' 

4.1.4. Distance 

The va lue of the distance modulus of this C luster has 

been determined by fittins the ZAMSgdven by Schrnidt-Ka ler 

(1965) onto the Vo' (B-V)o and Vo' (U ... $)b. diagra.s as shown in 

Fig.4.7. The estimates rX 'the tn,e. distaf1~ ~uJb~·~ .. :_*ihed frtml 
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these two CMO's are respectively 13.25 mag and 13.05 mag,yield­

ing an average value of 13.15 mag. Then the distance to the 

cluster based on Equation 3.21 is 

D = 4.16 + 0.14 kpc . 

4.1.5. Age of Cluster 

The HR-diagram of the cluster is plotted in Fig.4.8 

for the above mentioned true distance modulus of 13.15 mag. 

On this diagram, the isochrones given by Barbaro et al. (1969) 

have been drawn ;n order to determine the age from the MS 

and post-MS stars. Star nos.88 and 40, indicate the slight ly 

evolved phase and show a range in age as 2.2 x 107 to 

3.7 x 107 years. The red gi ant stars gi ve a s li ght ly older 

age range of 5.0 x 107 to 7.1 x 107 years. 

There are a few stars, which are apparent ly located 

in the pre-MS contracting phase. According to the isochrones 

given by Iben (1965) for this phase,it is found that they 

are between 1.0 x 106 and 1.75 x 106 years. Since most of 

the stars in the upper part of the MS, are in the age range 

of 1.0 x 107 to 2.2 x 107, the cluster appears to be young 

enGugh to contain the pre-MS contracting stars. This aspect 

throws some doubts on the membership of the stars in the red 

giant area. However, dispersion in ages of c luster stars is 

since star formation inc lusters is not necessar; ly 

akes place over afl interval of approximately 

{cf. Herbig, 1962; Iben & Talbot, 1966; Wi l1iams 
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& Cremin, 1969; McNamara, 1976; Piskunov, 1977; Gotz, 1977; 

Sagar & Joshi, 1978a, 1978b, 1979). 

The age of th i s cluster h as a lso been determi ned 

on the basis of the earliest (B-V)o on the MS. This value 

is - 0.26 mag and yields an age of 1 x 107 years. Thus the 

tota 1 di spers ion in age seems to be from 1. 0 x 107 to 7.1 

x 107 years, if the pre-MS stars are not considered. However, 

the cluster is young enough to be taken as a spira 1 arm tracer. 

4.2 .. OC 1 493 (Czernik 25) 

Th is c luster was a 1so first identified by Czernik 

(1966), who est imated its angu lar di ameter to be 7 arcmi n 

with fortyfour stars in it. Ruprecht (1966) classified it 

as II 2 p ; n the Trump ler system. Fig.4.9 gives the finding 

chart for this cluster. 

4.2 .. L Se lection and observations 

A photograph of this c luster using the objective 

grating spectroscopic technique (cf. Section 2.2) taken with 

an exposure time of 80 minutes, yielded spectral types for 

a tota 1 of fifteen stars in the fie ld of the c luster. From 

a p lot between these spectra 1 types and the V(POSS) magnitudes 

shOW'n in Fig.4.10 (cf. Table 4.2), star 4 is seen to be on 

tne main sequence, with a spectral type of 83. Stars 27 and 

28 .pear to h ave just evo lved from the rna; n sequence and 

Jt.~f 31 and 36 are like ly members of its gi ant branch. Stars 

• ttl: '~'~ 21 and 23 are considered to be non-members since 

~ JtCallCit'\ 0'" thi s di agram is very different from the 



- 99 -

_ .. _-, ~.-

r 

I 
• N oel 413 

• 
• • • • • • • I • • • • 17 • 

t. •• .. 
· • • 18 • • • •• .. • • • 

\ . 
22 •• 21 19 • • . 16 • • • • • .. -I A. • 20 • • 

•• 23 • IS .9 2 

•• H :". 1l- • .' • • ' . 14. .,,'0': -. • 2S 
" 12 

.3 ., 
• • • • • ~ .34 31 • • • 26 2 8 13.)l.4.3~ -.. 
E 

• • 2'-432 • 6 • • 4l._ • 1 .r9 • • • • . ...... 
• • e· . • 41. 40 47 • • • 
• • .. '2 •• 43 ~ • f4~ 8 .'9 ., • 

• • • 
' '6- .SO .... $1. • • 

• • • -• 
• -, • •• 

C • • e. • • • • • • • ~ .. • • • • • • I • • • • • --A. 

Fig. 4.9. Fi ndi ng ch art for the fie ld of OC 1 493. 



- 100 -

Table 4.2. The observatipnal data for individual stars in the open 
cluster Oel 493. 

Spec- V 
V {U-B)o Star 

t r a I (Sky (8-V) ( U-8) Va (B-V)o Me m ber-
No. 

Type sur vey) s hip 

1 2 3 4 5 6 7 8 9 10 

Photoelectric photometry: 
4 83 13.6 13.935 0.358 -0.469 12.034 -0.227 :-0.899 m 
7 14.987 0.414 -0.248 13.086 -0.171 -0.678 m 
8 88 15.0 15.024 0.496 -0.015 13.123 -0.089 -0.445 m 

23 G5 14.5' 14.390 0.849 0.792 
27 AO 12.3 12.627 0.516 0.395 10.726 -0.069 -0.035 m 
28 B8 12.3 12.462 0.487 0.179 10.561 -0.098 -0.251 m 
30 AO 15.0 15.402 0.548 0.194 13.501 -0.037 -0.236 m 
31 K5 12.5 13.087 0.524 1.316 11.186 0.939 0.886 m 
32 13.780 0.540 0.451 11.879 -0.045 0.021 m 
33 85 14.0 14.300 0.357 -0.363 12.399 -0.228 -0.793 m 
38 B8 14.6 14.469 0.467 0.209 12.568 -:0.118 -0.221 m 
39 15.009 0.621 0.409 13.198 0.036 -0.021 m 
40 13.627 0.499 0.285 11. 726 -0.086 -0.145 m 

Photographic photometry: 

3 KO 15.0 15.14 0.93 1.13 
5 '15.51 0.18 0.20 
6 14.09 0.53 0.41 12.19 -0.06 -0.03 m 
9 14.39 0.56 0.35 12.49 -0.03 -0.09 m 

19 , 15.56 0.61 0.58 13.65 0.02 0.15 m 
,~ 15.70 0.93 1.65 ,t' ,. 

liS G~ 1 ~ {\ 14.93 0.76 0.99 
14.02 0.41 0.32 
15~59 0,12 0.22 
13.98 1.51 1.7.6 

~ 

14.85 0.87 1.22 
)14.58: Q~89 0.69 

"~:'~::'. 
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(1 ) (2 ) ( 3) ( 5) ( 6) ( 7) ( 8) (9 ) (10) ( 11) 

29 15.68 0.70 0.48 13.78 0.12 0.05 m 

36 K5 12.7 13.02 1.46 1.19 11.12 0.87 0.76 m 

43 14.93 0.91 1. 28 
50 15.63 0.91 1. 20 
51 13.06 0.42 0.11 
52 14.21 0.60 0.46 
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genera 1 trend for the rest of the stars. Since star 4 is 

of spectral type B3 and ;s on the main sequence, this cluster 

is considered as a young one. 

The photoe lectric observations of this c luster were 

done using the 61-cm te lescope of the Siding Spring Observatory 

(cf. Section 3.1). Standardized magnitudes and co lours for 

a total of thirteen stars were obtained and the values are 

inc luded in Tab le 4.2. The atmospheric extinction coefficients, 

the transformation coefficients and the zero-point constants 

(cf. Equati ons 3.6 to 3.11) are tabu 1 ated be low. 
,). 

IV .~ 
K = 0.170 :E = 5.595 ~ v == 0.298 ~l M:U'" (J 

v , I'" 

Kb_v = 0.125 }..I = 0.005 1;; bv == 0.849 1 

Ku-b = 0.223 \jJ = 2.385 1;; =-2 857 ub . 

The direct photography of this cluster was done 

using the 1 -m te lescope at Siding Spring Observatotry (cf. 

Section 3.2.1). The plate and filter combination along with 

the exposure times are as under. 

Fi lter Exposure time 

'I 

Plate 

II a-O 

103 a-O 

I I a-O 

UG 2 

GG 13 

GG 14 

60 minutes for U 

30 minutes for B 

30 minutes for V 

From these plates, the photographic magnitudes were obtained 

for a total of thirtyone (including 'the thirteen photoelectri­

cally observed ones) on an arbitrary scale, which were then 

standardized using the above mentioned photoe lectric observations· 
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(cf. Section 3.2.2). These magnitudes and colours are also 

listed in Table 4.2. 

-4.2.2. Membership 

The photometric criteria (cf. Section 3.3.1) alone 

were used to determine the membershfp of the individual stars, 

due to lack of any other information regarding this cluster. 

The CCO of this c luster, shown in Fig.4.11, indicates a clear 

sequence for some stars. By making the boundaries for the 

stars forming the most likely sequence in this diagram and 

by picking out the same stars on the two CMDls (cf. Figs. 

4.12 and 4.13), a total of seventeen stars have been adopted 

as the most probab le members of the c luster out of the observed 

thirtyone stars. Two of the members (stars 31 and 36) probab ly 

belong to the giant branch. Stars 27 and 28 are the brightest 

and probably a little evolved members of this cluster. All 

these members are denoted by Iml in Table 4.2. 

4.2.3. Reddening 

The CCD in Fig.4.11 shows a sequence formed by a 

majority of the stars and the boundaries of this sequence 

show that 

II E (B -V ) = O. 11 mag 

and II E (U-B) = 0.08 mag. 

Since these va lues are same as the ones due to the natura 1 

dispersion (cf. Section 3.4), it is presumed that the inter­

~tellar extinction is non-variable across the field of the 

t))ld:~r.. Hence the fo 1 lowing mean co lour excesses have been 
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E(B-V) =[1/2 [E(B-V)max + E(B-V)min ] 

::; 1/2 [ 0.64 + 0.53] = 0.585 mag 

and simi lar ly 

E (U-B) = 1/2 [0.47 + 0.39 ] = 0.43 mag. 

Then \ = 1.901 ~ 0.029 mag. 

Using these values in Equations 3.18 to 3.20, the intrinsic 

magnitudes and co lours were ca leu lated. These are inc luded 

in Tab le 4.2 and denoted as V 0' (B-V) 0 and (U-B) o' 

4.2.4. Distance 

The ZAMS given by 'Schmidt-Kaler (1965) has been 

fitted onto the cluster main sequences shown in Fig.4.14 in 

order to determine the true distance modulus of the cluster. 

They are found to be 13.65 mag and 13.84 mag in the long and 

short wavelength CMD's respectively, giving an average value 

of 13.75 mag. Then the di stance to the c luster based on Equa­

tion 3.21 is 

o = 5.63 ~ 0.26 kpc. 

4.2.5. Age of the Cluster 

Fig.4.15 shows the HR-diagram of the cluster, plotted 

:for the true distance modulus of 13.75 mag. The post-MS iso­

:chl'"Qf}es indicate an age range of 3.7 x 107 to 5.0 x 107 years, 

~:n~ th~ M$ appears to be following the curve of 1.2 x 107 

.t~> :lS quite like ly that the f ai nter stars, which are 
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.(1965). The ages are indicated ,.1n ,;years alongside 
the i sochrones. 
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just to the right of the MS are in the process of reaching 

the mai n sequence and the f ai ntest of these are c lose to the 

pre-MS i sochrone of 1. 0 x 106 ye ars. Thus, j'ust as in the 

case of many other clusters, the total dispersion in the age 

of th i s c luster a lso seems to be from 1. 2 x 107 to 5.0 x 107 ye ar s . 

4.3. DC 1 501 (NGC 2236) 

In 1899, Roberts identified this c luster on a photo­

graphic plate and it was later on observed by several authors, 

listed in Table 2.3. Shapley (1930) determined its distance 

to be 8320 persecs and mentioned that it was one of the most 

remote open clusters. He estimated that it had an angu lar 

di ameter of 5 arcmi nand th at it contai ned fifty stars. Trump ler 

(1930), on the other hand, gave a distance of 2290 parsecs, 

wh i le Co lli nder (1931) and Barhatova (1950) gave 4750 parsecs 

and 1600 parsecs, respectively. Bok (1949) discussed the 

re 1ationship of this c luster to the Mi lky Way. More recent 1y, 

Rahim (1970) obtai ned a di stance of 3430 parsecs through RGU 

photographic photometry. Its classification, given by Ruprecht 

(1966) ;s III 2p, in the Trumpler system, while Trumpler 

(1930) himself had classified it as 12m. The finding chart 

;s shown in Fig.4.16. 

4.3.1. Se lection and Observations 

This cluster also was selected through objective 

gtatifl'g spectroscopy (cf. Section 2.2). The exposure time 
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was 120 mi nutes on the 103a-0 emu ls ion plate, on the basis 

of which spectra 1 types cou ld be estimated for a tota 1 of 

twentyfour stars. These spectral types and the corresponding 

V(POSS) magnitudes are listed in Tab le 4.3 and Fig. 4 .. 17 $hows' 

a pbt between them. In this di agram, stars 53 and 100, which are 

of spectr a 1 type BO, appe ar to be too br i gh t and in sp i te 

of being located inside the field of the cluster, may not 

belong to the cluster. This preliminary inference is further 

strengthened by the location of the probab le red g; ant members 

(star 19, 37, 58, 65, 81 and 99) ;n the diagram, which are 

much fainter than star 100. There are four stars 50, 59, 103 

and 123 which are located to the right of the main sequence 

indicating a slightly evolved nature. The re st of the stars 

show some scatter which may be due to their faintness as we 11 

as the uncertainties invo lved in the estimation of the two 

parameters. They form the probable main sequence of the cluster. 

Fi na 11y, since star 101 is of the spectr a 1 type 83 with stars 

57,73 and 78 showing B5 type, this cluster is taken as belonging 

to the young category. However, Rahim (1970) estimated the 

ear liest spectra 1 type to be AD and thereby po; nted out that 

this cluster cannot be used as a spiral arm tracer. 

The photoe 1ectric photometry of the c luster was 

done using the 61-cm telescope of the Siding Spring Observatory 

(g. Section 3.1). Following the procedures given in Sections 

3.,1.2 and 3.1.3, the standard magnitudes and co lours for a 

Wt~a.J~ of twelve stars were obtained and the values are included 
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Table 4.3.· The observational data for individualstars in the open cluster 
OC 1 501. 

Star Spect- V 
V (B-V) (U-B) Vo (B-V)o (U-B)o E(B-V) Member-ral (Sk No. Ty e y ship P survey) 

1 2 3 4 5 6 7 8 9 10 11 
Photoelectric photometry 

1 B8 14.6 14.591 0.528 0.315 12.78 -0.03 -0.09 0.558 m 
3 B8· 14.5 14.587 0.673 0.677 
6 . 14.275 1.384 1.394 11.94 0.664 0.87 0.72 m 
7 85 14.6 14.490 0.575 0.005 12.17 -0.14 -0.51 0.715 m 

13 15.337 0.606 0.238 13.11 -0.08 -0.26 0.686 m 
48 B8 14.6 14.528 0.706 0.397 12.19 -0.01 .-0.12 0.72 m 
53 BO 12.7 12.548 0.313 -0.421 - ' 

59 B8 12.9 12.f)06 0.639 -0.559 .. if! 

73 B5 14.8 14.727 0.645 -0.061 12.05 -0.18 -0.66 0.825 '" 100 BO 10.9 10.722 0.317 -0.063 
101 B3 14.1 14.023 0.317 -0.252 
123 B8 12.8 12.756 0.659 -0.579 .., 

Photographic ph~tometry 
4 15.37 0.59 0.26 13.27 -0.06 -0.20 0.65 m 

10 15.27 0.46 0.07 13.48 -0.09 -0.34 0.55 m 
16 AO 15.0 14.96 0.47 0.27 13.32 -0.04 -0.10 0.51 m 
19 K5 13.5 13.28 1.53 0.94 10.94 0.81 0.41 0.72 m 
29 14.25 0.42 0.17 
30 14.46 0.63 0.57 
34 13.28 1.45 0.96 10.94 0.'13· 0.44 0.72 m 
37 KO 14.0 13:93 1.37 1.13 11.59 0.64 0.61 0.72 m 
38 14.45 0.56 0 . .60 
40 15.07 0.48 0.05 13.15 .. 0.11 -0.38 0.59 m 
50 AO 13.1 12.92 0.71 .. 0.47 
57 B5 14.7 14..55 0.79 0~30 11.66 .. 0.10 -0.34 0.89 m 
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1 2 3 4 5 6 7 8 9 10 11 

58 K5 14.4 14.26 1.63 1.33 11.92 0.91 0.81 0.72 m 

65 K5 13.9 13.70 1.68 1.38 11. 36 0.96 0.86 0.72 m 

67 15.26 0.73 0.63 
68 14.01 0.87 0.56 11.67 0.15 0.04 0.72 m 

69 14.72 0.61 0.41 12.69 -0.02 -0.05 0.63 m 

70 14.64 0.65 0.62 
76 13.47 0.61 0.40 
78 B5 14.5 14.28 0.83 0.24 11.20 -0.12 -0.45 0.95 m 

81 K5 13.6 13.54 1.56 1.09 11.20 0.84 0.57 0.72 m 

85 B8 13.9 13.78 0.74 0.40 11.44 O. 02 -0.12 0.72 m 

95 14.00 1. 92 1.64 11.66 1. 20 1.12 0.72 m 

97 13.57 0.63 0.31 
99 K5 13.4 13.23 1.58 1.12 10.89 0.86 0.60 0.72 m 

103 AO 12.8 12.65 0.79 -0.57 
107 13.33 1.94 1. 79 10.99 1. 22 1. 27 0.72 m 

108 13.05 1. 50 0.96 10.71 0.78 0.44 0.72 m 

109 13.30 1. 20 0.64 ~ 

110 14.38 0.95 0.41 12.04 0.23 -0.11 0.72 m 

112 14.20 0.62 0.46 
120 88 15.0 14.79 0.73 0.30 12.11 -0.09 0.30 0.82 m 

121 88 14.6 14.53 0.84 0.64 12.18 0.12 0.12 0.72 m 
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i n Tab le 4. 3 • The atmospheri c exti ncti on coefficients, the 

transformation coefficients and the zero-point constants 

(cf. Equations 3.6 to 3.11) are tabulated below. 

Kv = 0.160 £ = 5. 605 

Kb- v = 0.155 }.I = 0.010 

Ku -b = 0.200 ljJ = 2.400 

~ v = 0.300 

~bv = 0.865 

~ ub = -2.845 

The direct photography -of this c luster was carried 

out using both the 102-cm telescope of Kavalur Observatory 

(KO) and the 1-m telescope of Siding Spring Observatory (SSO) 

as described in Section 3.2.1. The following are the plate 

and fi lter combinations along with the exposure times. 

Plate Fi 1ter EXQosure time 

IIa-O UG2 45 min for U(SSO) 

103a-0 GG13 30 min for B (SS 0) 

IIa-D GGll 90 min for V ( K 0) 

From these plates, the photographic magnitudes were 

obtained on an arbitrary scale, for a tota 1 of fortyfive stars, 

which included the ones observed photoelectrically. These 

were then standardized using the photoelectric observations 

following the procedure given in Section 3.2.2. 

magnitudes and colours are included in Table 4.3. 

4.3.2. 'Membersh iQ 

A 11 these 

Fig,4.18 shows the CCD of this c luster, where a 

eonsiderab 1e amount of scatter is seen. By shifting the unr~dd-
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ened curve parallel to the reddening line and by marking the 

boundaries for the like ly sequence, the probab le candidates 

for the membership cou ld be identified. Then, using the photo­

metric criteria described in Section 3.3.1 on this CCO and 

on the two CMD's shown in Figs. 4.19 and 4.20, a total of 

twentyeight stars have been adopted as the most probab le members 

of the cluster, out of the fortyfive stars observed. The 

brightest star (i.e star 100), which appears a lmost at the 

center of the cluster in the find; n9 chart, is found to be 

a non-member on the basis of the photometric criteria. This 

conclusion matches with that found by Rahim (1970) through 

RGU study. Eleven of these members are located in the red 

giant region of the two CMO's with a few others showing evolved 

nature. All these stars are denoted by 1m' in Table 4.3. 

4.3.3. Reddening 

The considerable scatter in the CeD (cf. Fig.4.18) 

indicates a variable reddening across the field of the cluster, 

which is supported by a similar scatter in the two CMD's (cf. 

Figs.4.19 and 4.20). The boundaries mentioned in section 

4.3.'3 show a difference fl between E(B-V)max and E(B-V)min 

as 

A E (B· V) = O. 34 mag 

and s im; lar ly 

A E (U-B) = 0.24 mag. 

These va lues are much larger than the natura 1 dispel"s;on va lues 
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(cf. Section 3.4). Therefore, the concerned stars were indivi­

dually corrected for the appropriate interstellar reddening. 

These corrections were found to be between E( B-V)max = 0.89 

mag and E(B-V)min = 0.55 mag. Simi larly, E(U-B)max = 0.64 

mag and E(U-B)min = 0.40 mag. In this context, it may be 
; 

noted th at Rah im (1970) found a va lue for E(G-R) as 0.51 mag 

which is equivalent of E(B-V) = 0.37 mag (cf. Steinlin, 1968 

for the transformations) and did not mention anything about 

the variab 1e reddening. 

With the help of the individual E(B-V) values, which 

are inc luded in Tab le 4.3, the correspondi ng va lues of Av 

were obtained which were found to be between 2.89 mag and 

1.79 mag as against the value of Pv = 1.19 mag (or ~ = 1.37 mag) 

given by Rahim (1970). The observed V values were then corrected 

by using the respective Av values. All these corrected magni­

tudes and co lours are also inc luded in Table 4.3 as V 0' 

(B-V)o and (U-B)o' 

4.3.4. Distance 

The true distance modulus of this cluster has been 

determined by fitting ZAMS (Schmidt-Kaler, 1965) onto the 

cluster main sequence as shown in Fig.4.21. The long and 

short wave length CMD's have been found to yie Id the distance 

moduli; opf 13.15 and 12.89 mag respectively giving an average 

value of 13.02 mag. Then the distance 0 to the cluster, based 

on the Equation 3.21 is 

o = 4.02 :t 0.23 kpc. 
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This value is at least 0.36 kpc greater than the one obtained 

by Rah im (1970). 

4.3.5. Age of the Cluster 

The HR -di agram of the c luster is shown in Fig.4.22, 

which is plotted for the true distance modulus of 13.02 mag. 

The MS indicates an age of 2.8 x 107 years, whi le the post­

MS isochrones show a range of 7.1 x 107 to 12.5 x 107 years. 

Some of the stars appear to have evo lved from the MS from 

which the red giants are clearly separated by the Hertzsprung 

gap as has also been noticed by Rahim (1970). Thus, the age 

spread in this cluster appears to be from 2.8 x 10 7 to 

12.5 x 107 years. 

4.4. OCl 506 (Cr 97) 

This cluster of Trumpler class IV 3 p (Ruprecht 

1966) was estimated to be at a di stance of 610 parsecs by 

Collinder (1931). He also gave the angular diameter as 22.5 

arcmin with on 1y nine stars. He pointed out that this cluster 

has stars of spectral type SO to AO and that it is a bright 

cluster (mtotal = 5.3 mag). The finding chart is given in 

fig.4.23. Even though, some of the stars in the field are 

bri ght enough to be inc luded in SAO and BD ch arts, surpr; sing 1y 

no work has been done on them as members of this cluster. 

4.4.1. Selection and Observations 

Spectra 1 types cou kI be obtained for a tota 1 of 

thirteen stars from the objective grati~ spectroscopy (£f. 
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Section 2.2), where the exposure time was 30 minutes on a 

103 a-O plate. A P lot between these spectra 1 types and the 

corresponding V{POSS) magnitudes is shown in Fig.4.24 which 

are tabulated in Table 4.4. In this figure, out of the five 

brightest stars, only star 4 is considered a member of the 

c luster. Stars 1 and 2 appear to be a litt le too bright to 

be members; yet they are given a doubtful membership because 

of the large angu lar di ameter suggested by Co 11i nder. Stars 

3 and 5 have some chance of being members of the possib le 

giant branch and thus they also get a doubtful membership. 

Star 10 is clearly a non-member. That makes a total of eight 

members and four doubtfu 1 members out of the thirteen observed 

stars. Since star 4 shows the spectral type of 85, it has 

been categorized as a margi na l1y young cluster. 

The photoelectric observations were obtained from 

Siding Spring Observatory, using the 61-cm telescope (cf. 

Section 3.1). Standardized magnitudes and colours for a total 

of seventeen stars were obtained and the values are included 

in Tab le 4.4. The atmospheric coefficients, the transformation 

coefficients and the zero-point constants (cf. Equat; ons 3.6 

to 3.11) are tabulated below: 

KV = 0.165 £ :;: 5.495 tv = 0.289 '1 

Kb_v = 0.150 II = 0.005 l;bv = 0.849 '\ 

Ku-b = 0.070 1\1 :;: 2.385 r,;ub ;; -2.857 
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Table 4.4. The observationaldata for individual stars in the open 
cluster OC 1 506. 

Spectra 1 V 
Star No. (Sky V ( B-V) (U-B) Membership 

Type survey} 
1 2 3 4 5 6 7 

Photoelectric photometry 
1 (SAO 113979) B8 7.6 8.398 -0.021 0.054 m 
2 (SAO 113977) AO 8.3 8.713 0.334 0.007 m 

3 (SAO 113987) KO 8.3 8.686 0.992 0.655 m 

4 ( BD+5° 1274) B5 9.3 9.757 -0.054 -0.231 m 

5 (B0+5°1276) F5 9.3 9.566 0.641 0.273 m 

8 AO 12.0 12.716 0.379 -0.031 m 
9 FO 11.8 12.255 0.390 0.044 m 

10 K5 12.5 12.866 0.851 0.347 
13 FO 12.4 12.729 .0.486 0.049 m 

14 15.044 0.804 0.877 m 

15 13.996 0.674 0.285 m 
22 .- 13.798 0.607 0.227 m 
23 12.673 1.622 
24 12.621 0.506 0.143 m 
25 14.510 0.619 0.051 m 
27 13.881 0.726 0.386 m 
30 13.809 0.804 0.568 

Photographic'photometry: 

6 88 10.3 10.81' 0.15 m 
7 AD 11.8 12.27 0.32 m 

11 F5 13.2 13.34 0.64. 
12 GO 13.3 13.63l 0.60. m 

16 13.97 0.65' m 

17 14.24 1.17 
is 11.84 0.30 m 
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1 2 3 4 6 7 

19 12.138 0.451 m 
20 13.807 0.608 m 
21 13.705 0.479 m 
26 ,14.797 0.665 m 
28 13.982 0.809 m 
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The direct U, B, V photography of this c luster was 

done using the 102-cm te lescope at Kavalur Observatory (cf. 

Section 3.2.1). The plate and filter combination along with 

the exposure times are given below. 

Plate 

IIa-O 

103a-0 

IIa-D 

Fi lter 

UG2 

GG13 

GGll 

Exposure time 

35 min for U 

20 m; n for B 

40 min for V 

From these plates, the photographic magnitudes ;n 

B and V were obtained for a total of twentynine stars, in 

which all thephotoelectr:ical1yobserved ones were included. 

The U P'hotogr~h was affected by bad sky conditions on both 

occassi 0 n s when it was attempted. However, s i nee there were 

. sufficient number of stars, observed photoe lectrica lly in 

U to p lot the ceo and the correspond; n9 CMD, no further attempt 

was made to obtain the photographic U magnitudes. Thus, on ly 

B and V photographic magnitudes were standardized, which are 

listed in Tab le 4.4. 

4.4.2. Membership 

The membership of the individual stars in the cluster 

has been determined with the he lp of the photometric criter; a 

as described in Section 3.2.2. The ceo of this c luster, shown 

in Fig.4.25 indicates a c lear sequence, which is also found 

in the two CMD's (Cf. Figs. 4.26 and 4.27). Only stars 10, 

17, 23, 28 and 30 have been considered as non-members, thus 
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leaving a total of twentyfour stars as members. Out of these, 

stars 3 and 5 appear to be be longing to the red giant branch, 

wh i le stars 1 and 2 show some evo lved nature. All these members 

are denoted by Iml in Table 4.41. 

4.4.3. Reddening 

The CCD ;s given in Fig.4.25, where the sequence 

of all the member stars appear to be fo llowing the unreddened 

curve, indicating that there is no interstellar extinction 

between the cluster and the observer. Thus, 

E (B-V) = 0.0 mag 

and E (U-B) = 0.0 mag. 

That is, the observed magnitudes and colours need 

no further correction by way of interstellar reddening. 

4.4.4. Distance 

The very fact th at th i s c luster needs no correct ions 

for the interste llar extinction, indicates that it is a nearby 

cluster. Its brightness and the large angu lar di ameter (cf. 

Table 2.3) render support to this inference. Collinder (1931) 

also had estimated its distance to be only 610 parsecs. Thus, 

in order to detemine its distance from the photometric data, 

the two CMD1s shown in Figs. 4.26 and 4.27 have been fitted 

with the ZAMS (Schmidt-Kaler, 1965) to match with the respective 

main sequences. They yielded tile distance modulii of 8.7 

mag and 8.8 mag respective ly. Then, based on the Equation 

3.21, the distance has been found to be 



- 128 -

o = 0.56 ± 0.01 kpc 

This, in fact, is the nearest of the c lusters studied in 

the present programme. 

4.4.5. Age of the Cluster 

The HR-diagram of this cluster is shown in Fig.4.2B, 

which is plotted for the true distance modulus of B.75 mag. 

The MS and the post-MS stars clear ly . indicate an age range 

of 2.53 x lOB to 5.90 x lOB years. Further, star 4, being 

the bluest on the MS with (B-V) = - 0.05, gi ves the age as 

1 x lOB years. Thus, the total dispersion in the age of 

this cluster appears to be from 1 x lOB to 5.9 x 108 years. 

The average of this age range and the earliest spectral type 

B7, puts this cluster into an older age group, which is not 

specifically suitab le as a spiral arm tracer. 

4.5 DC 1 556 (Haffner 3) 

This group of stars was first listed as a cluster 

by Haffner (1957), who gave its angu lar di ameter to be 2.7 

arcmin with eleven stars ;n it. He also discussed its relation-

sh ip wi th the spira 1 structure of our Ga laxy. It has been 

classified as II 2 P ;n Trump ler system by Ruprecht (1966), 

though Haffner had ear lier put it as IV 1 p. The finding 

chart is given in Fig.4.29. The interesting feature of the 

field of this cluster ;s that there are two distinct concentra­

tions or phys;ca 1 groups separated by a sma 11 region of low 

st.ar denSity. 
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OCI 506 

.2 
2.531 \0' 

'.'0 X 10' 

0.0 D·S 1.5 

HR-di agrarn of OC 1 506. The post-MS isochrones are 
from Barbaro et a 1. (1969). The ages are ; ndicated 
in years alongside the isochrones. 
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4.5.1. Se lection and Observations 

A photograph of this cluster, using the objective grating 

spectroscopic technique as described in Section 2.2, was taken 

with an exposure time of 45 minutes on a 103a-0 plate. From 

this plate, spectral types could be estimated for a total of 

twentyfour stars in the fie ld of the c luster. From a plot 

between these spectra 1 types and the V(POSS) magnitudes shown 

in Fig.4.30 (cf. Table 4.5), it may be seen that stars '5,7,9 

and 17 are obvious non-members. Star 18 ;s discarded because 

of its location at the edge of the fie ld. Since stars 1, 2, 

3, 4, 19, 20 and 23 a 1so are located as farther away as star 

18 from the core of physi cal group, t h ~ yare not cons i dered 

as members of this c luster. However, these stars appear to 

be members of a southern group and are denoted by tri ang les 

in Fig.4.30. On the same grounds, stars 10, 1l, 12, 14, 15, 

16, 21 and 25 are considered to be like ly members of a northern 

group. Stars 6 and 8 have tentative ly been inc luded into the 

northern group, though they are situated at an intermediate 

position. The ear liest spectra 1 type in the southern group 

appears to be SO and that in the northern group looks like 

AO. 

The fie ld configuration is quite similar to that around 

BD-16°1999 = So 4+5 (Moffat & Vogt, 1975). However, while 

Bo 4 and 5 appear to be at different distances, the main sequences 

of both the groups ; n the direction of OC 1 556 are superimposed 

on each other as seen in Fig.4.30. Thus, oel 556 could be 
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Table 4.5. The observational data for individual stars in 
the open cluster OCl 556 

Star Spec- V 

No. t r a I (Sky V (B-V) (U -B) Vo (B-V)o (U -B) 
type survey) 0 

1 2 3 4 5 6 7 8 9 

Photoelectric photometry: 
1 BO 10.1 9.947 0.251 -0.506 8.208 -0.284 -0.891 
2 AO 11.5 11.041 0.481 0.172 9.302 -0.054 -0.213 
3 A5 12.4 11.954 0.345 -0.115 10.215 -0.190 -0.500 
4 B5 11.0 
9 AS 14.4 13.938 0.609 0.020 

11 AS 12.6 12.250 0.397 -0.100 10.511 -0.138 -0.485 
12 GO 14.3 14.936 0.422 -0.130 13.197 -0.113 -0.515 
15 F5 14.1 
18 AO 12.1 
20 F5 13.3 
21 FO 13.0 
23 F5? 13.2 
26 11.282 0.271 0.352 9.543 -0.264 -0.737 

48 14.15"9 1.183 1.290 
49 14.214 0.354 -0.297 12.475 -0.181 -0.682 

Photographic photometry: 
5 F5 12.2 12.629 0.415 0.250 
6 GO 14.2 13.858 0.520 -0.085 
7 A5 13.8 13.419 0.234 0.113 
8 F5 13.4 12.936 0.837 0.642 

10 AS 12.0 12.508 0.297 -0.210 10.769 -0.238 -0.595 

14 FO 12.6 12.773 0.790 0.150 
16 AO 11.3 12.054 0.932 1.057 :"" 

17 AO 13.4 12,.953 1.313 '0';942 

19 AO 11.8 12.204 0.277 ... 0.561 ,10.465 .. 0.258 -0.946 

24 14.527 
, , 

-0 .. ,281 -O.36() 12.188 .. '0.254' -0.745 

Membership 

10 

mS 
mS 
mS 

mN 
mN 

mS 

mS 

mN 

mS? 
mN 
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1 2 3 4 5 6 7 8 9 10 

25 F57 14.1 13.932 0.415 -0.120 2.193 -0.120 -0.505 mN 
29 15.246 0.476 0.072 13.507 -0.059 -0.313 mS 
31 15.432 0.500 0.101 13.693 -0.035 -0.284 mS 
32 16.014 0.436 -0.036 14.275 -0.099 -0.421 mS 
35 15.784 0.407 -0.128 14.045 -0.128 -0.513 mS 
38 15.682 0.458 0.027 13.943 -0.077 -0.358 mS 
45 16.492 0.516 0.232 14.753 -0.019 -0.153 mS 
46 16.671 0.164 0.053 

51 16.541 0.337 0.185 
54 13.311 1.536 1.728 

56 13.836 0.174 0.199 
58 14.662 1.676 1.129 

59 15.625 0.774 0.206 

60 15.776 0.186 -0.382 
61 13.086 1.955 1.595 

69 14.202 1.777 1.376 
72 14.227 1.999 1.293 
75 14.589 0.448 -0.082 12.850 -0.087 -0.467 roN 
77 14.198 . 0.821 0.886 mN 
78 14.747 0.392 0.200 13.008 -0.143 -0.185 mN 
79 14.145 0.374 -0.305 12.406 -0.161 -0.690 roN 
81 15.683 0.359 -0.170 13.944 -0.176 -0.555 roN 
83 14.324 0.448 -0.119 12.585 -0.087 -0.504 mN 
88 15.257 0.581 0.280 13.518 0.046 -0.105 mN 
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either an extended c luster with a foreground strip of inter­

stellar matter cutting across it or two different clusters 

located almost at the same distance. If the second case turns 

out to be true, this cluster may provide evidence for sequential 

star formation as proposed by Elmegreen and Lada (1977). With 

these poi nts in view, the fie ld of OC 1 556 has been se lected 

for further work in this programme. 

The photoe lectri c observations of the stars in the fie ld 

of this cluster were obtained using the 61-cm telescope at 

the Siding Spring Observatory (cf. Section 3.1). Standardized 

magnitudes and co lours for a tota 1 of ten stars were obtai ned 

and the values are included in Table 4.5. The atmospheric 

coefficients, the transformation coefficients and the zero-
, 

point constants (cf. Equations 3.6 to 3.11) are tabulated below. 

K = 0.165 € = 5.495 1; = 0.303 7 v v 

K b-v = 0.155 l.l = 0.034 r; = 0.785 1 
bv 

KU- b = 0.200 ~ = 2.225 /;ub = -2.693 

The direct photography of this fie ld was carried out 

using both the 102-cm telescope of Kavalur Observatory (KO) 

and the I-m te lescope of Siding Spring Observatory (SSO) as 

described in Section 3.2. L The fo 1 lowing are the p late and 

fi lter combinations along with the exposure times. 



Plate 

IIa-O 

103a-0 

103a-0 

Filter 

UG2 

GG13 

GGll 
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Exposure time 

45 min for U(550) 

30 min for B(550) 

60 min for V(KO) 

From these plates the photographic magnitudes were obtain­

ed on an arbitrary sca le, for a tota 1 of fortyfour stars, in 

which the photoelectrically observed ones also were included. 

They were then standard ized using the photoe lectri C observat ions 

(cf. Section 3.2.2). These magnitudes and colours are listed 

in Tab le 4.5. 

4.5.2. Membership 

The membership of the individua 1 stars in this cluster 

has been determined using the photometric criteria as described 

in Section 3.3.1. The CCO of this cluster shown in Fig.4.31 

indicates a clear sequence of many stars. By marking the boun­

daries of the most likely sequence in this diagram and picking 

out the same 'stars on the two CMDls (cf. Figs. 4.32 and 4.33) 

a tota 1 of twentythree stars cou ld be identified as members 

out of the observed fortyfour stars. Then a visua 1 examination 

of the star field in Fig.4.29 reveals that twelve of the above 

mentioned twentythree belong to the southern group with one 

(star 19) being adoubtfu 1 case, due to its far off lac at; on 

from the main group of stars. The remaining eleven stars are 

:~rsof the northern group. 
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If there was any foreground interstellar matter cutting 

across the field, then the reddening should have been more 

for the stars which are behind the strip of this material as 

compared to the stars situated away from it. However such 

an excessive reddening is not noticed in the CCO of this region. 

Thus, there is no evidence for the existence of any lextra l 

strip of i nterste llar matter between the star fie ld and the 

observer. Further, most of the stars, which are located midway 

between the two groups in the chart (cf. Fig.4.29), appear 

to be more like foreground stars than being members of either 

group. They show much less reddening than the average reddening 

of the members. Thus, the possibi lity of the stars i.n the 

northern and the southern groups, together comprising an extended 

cluster, Inay be ru led out. Further, the st ars of both groups 

are over lapping each other in a 11 the above mentioned three 

diagrams indicating the likelihood that these two groups are 

two independent clusters located at the same distance with 

the same amount of i nte'rste llar matter in front of both of 

them. The members are denoted as 'mN' and ImSI respectively 

for nothern and southern groups, in Table 4.5. The southern 

group stars are ; ndicated by tri ang les whi le those of the northern 

gr.oup are shown by circles in all the diagrams corresponding 

to these two groups of s't ar s., 'wh'; ch are now named a'S OC 1 5565 

afldOC 1 556'N respectively. 
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4.5.3. Reddening 

The CCO in Fig.4.31 shows a sequence formed by most 

of the stars and the boundaries of this sequence show that 

L\E( B-V) = 0.13 mag 

with E(B-V)max = 0.60 mag 

and E(B-V)min = 0.47 mag. 

Simi lar ly, 

L\E(U-B) = 0.09 mag 

with E (U-B)max = 0.43 mag 

and E(U-B)min = 0.34 mag. 

These D. va lues are c lose to the ones ari s; n9 from the natura 1 

dispersion (cf. Section 3.4) and therefore, an alomost non­

variable extinction across the field of both the groups is 

presumed. Hence, the following mean colour excesses have been 

adopted for the entire field. 

E(B-V) = 1/2 [E(B-V) + E(B-V}. ] max ml n 
= 0.535 mag. 

and simi lar ly 

E(U-B) = l/2 [E(U-B) + E(U-B). 1 max mln 

= 0.385 mag. 

The'n 

Av = 1.739 ~ 0.027 mag. 

Using these values ;n Equations 3.18 to 3.20, the intrinsic 



- 140 -

magnitudes and colours were calculated, which are also included 

in Tab le 4.5 as Vo' (B-V)o and (U-B)o' 

4.5.4. Distance 

The mai n sequences of both the northern as we 11 as the 

southern groups are plotted in Fig.4.34 using the above mentioned 

intrinsic magnitudes and colours. Both the main sequences 

are found to be over lapp; ng each other. The ZAMS h as been 

fitted onto the lower portions of these diagrams in order to 

determi ne the true di stance modu lus of the cluster. They are 

found to be 13.36 mag and 13.46 mag in the lon~ and short wave-

length CMD's, respectively. This gives an average value of 

13.41 mag. Then the distance to the c luster based on Equation 

3.21 is 

D = 4.81 + 0.11 kpc. 

The over lappi ng of the mai n sequences of both the groups and 

the fitting of the ZAMS for a common distance modulus suggests 

th at both the northern and southern groups of st ars are situ ated 

at the' same distance from the observer. 

4.5.5. Ages of the Two Clusters 

Fi'g. 4.35 shows the HR di agrams of both the groups plotted 

for the true distance modulus of 13.41 mag. The stars of the 

southern group, denoted by traingles show a slightly evolved 

I'lature and indicate an age disperison of 1. a x 107 to 

Z~:~lx. ~07 ye~rs, on the basis of the isochrones. On the other 

~,~~, [t.he "northern group seems to show a dispersion in the 
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range of 2.8 x 107 to 5.0 x 107 years. Thus, it appears to 

have formed a little earlier than the southern cluster and 

hence both the c lusters put together may provide an evidence 

for sequent; a 1 star formation as theorized by E lmegreen and 

Lada (1977). 

4.6. OCl 585 (NGC 2374)* 

The first systematic examination of this cluster was 

done by Trump ler (1930), who estimated an angu lar diameter of 4.5 

arcmin and determined its distance to be 2600 parsecs. However, 

Co 11i nder (1931) obtai ned a di stance of 1240 parsecs and estimated 

the number of stars to be 100 and 40 respectively for two differ­

ent angu lar di ameters of 19.5 and 10 arcmi n. Much later, Barh atova 

(1950) found its di stance to be 930 parsec and gave an angu lar 

diameter of 15 arcmi n. More recently, Fenkart et ala (1972) 

detemi ned the distance of this' c luster as 1260 parsec on the 

basis of photographic photometry. They found that the inter­

stellar reddening was ni 1 and gave twentynine stars as possib le 

members. The age was estimated to be 3.5 x ,108 years by them. 

In the catalogue compi led by LyngS (1980), a private corrnnunica­

tion by Buscombe mentions the distance as 1300 parsecs, 

E(B-V) = 0.0 and the age as 2 x 109 years. This entire informa­

tion is reproduced ;n Tab le 2.3. Ruprecht (1966) has classified 

The results included in this section ha ve partially been publish~d, 

,".id.: G.S.D.8~bv, 1985 'A Study of the Open Cluster NGC 2H4", 

,1. Ashophys.,Ash., 6, 61. 
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this c luster as II 3p in the Trump ler classification system. 

The finding chart is given in Fig.4.36. 

4.6.1. Selection and Observations 

Spectral types could be assigned to a total of 

twenty five stars in the field of the cluster from a modified 

objective grating p late of 2 hours exposure on l03a-O emu lsion 

(cf. Section 2.2). These estimates are plotted in Fig.4.37 

against the V(POSS) magnitudes, both parameters being listed 

i n Tab le 4 . 6 . In this diagram, it may be seen that stars 1, 

2, 3, 4, 5, 6 and 24 do not fit into the genera 1 sequence 

of the other st ars . A'nong the rest of the st ars, wh i ch are 

considered as possib le members of the c luster, the earliest 

spectral type is found to be 65 for star 11. However, due 

to the uncertainty inherent in fixing the subclasses in the 

estimation of the spectral types, this has been selected as 

a margi na 11y young cluster. 

A 11 the above mentioned stars were then observed 

photoelectrically using the 102-cm telescope of the Kava1ur 

Observatory. Standarized magnitudes and co lours for a 11 these 

twentyf;ve stars were obtained and the values are included 

i n Table 4. 6 . The atmospheric extinction coefficients, the 

transformation coefficients and the zero-point constants (cf. 

Equations 3.6 to 3.11) are tabulated below. 

Kv = 0.686 £ = -0.137 , '= 19.821 v 

Kb- v= 0.679 l.1 = 0.S67 ~bv =0 1.172 

K b = 0.992 $ = 
u-

1.f06 tub = ':'1.451 
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Table 4.6. The observationa; data for individual stars in 
the open cluster Oel 585. 

Spec- V t r a I V (B-V) (U-B) Vo (B-V)O (U-B)o 
type (POSS) 

2 3 4 5 6 7 8 9 

Photoelectric photometry 
1 K5 12.25 11. 750 1.340 0.910 
2 A5 13.79 13.710 0.312 0.128 13.141 0.137 -0.002 
3 AS 13.58 13.721 0.255 0.021 13.152 0.080 -0.109 
4 KO 12.23 11.840 1.099 0.518 11.271 0.924 0.388 
5 FO 12.45 12.334 0.469 -0.155 
6 FO 12.18 12.308 0.606 -0.074 
7 AO 11.67 11. 866 0.179 0.040 11. 297 0.004 -0.090 
8 AO 12.44 12.637 0.292 0.109 12.068 0.117 -0.021 
9 F5 13.23 13.380 0.444 0.104 12.811 0.269 -0.026 

10 B7 11.43 11. 664 0.128 0.069 11. 095 -0.047 -0.199 

11 B5 10.59 10.653 0.449 -0.125 
12' B7 11.18 11.540 0.080 -0.170 10.971 -0.095 -0.300 

13 AO 11.94 12.027 0.177 -0.018 11.458 0.002 -0.148 

14 A5 13.15 13.762 0.241 0.088 13.193 0.066 -0.042 

15 AS 12.77 12.996 0.246 0.234 12.427 0.071 0.104 

16 AO 12.58 12.777 0.190 0.136 12.208 0.015 0.006 

17 AO 12.67 12.604 0~254 0.228 12.035 0.079 0.098 

18 A5 12.90 13.261 0.315 0.202 12.692 0.140 0.072 

19 FO 12.81 13.229 0.398 0.179 12.660 0.234 0.'049 

20 F5 13.32 13.793 0.485 0.135 13.224 0.310 0.005 

21 AO 12.23 12.531 0.219 0.213 11. 962 0.044 0.083 

22 A5 12.48 13.038 0.350 0.123 12.469 0.175 -0.007 

23 FO 13.31 13.875 0.376 0.208 13.306 0.271 0.078 

24 KO 11.89 12.070 1.014 . 0.552 11.501 0.839 0.422 

25 FO 13.01 13.133 0.399 0.173 12.564 0.224 0.043 

Member-
ship 

10 

m? 
m? 
m? 

m 
m 
m 
m 

m 
m 
m 
m 
m 

m 

m 

m 
m 
m 
m 
m 

m? 
m 
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1 2 3 4 5 6 7 8 9 10 

Photograp,ic photometry 

26 13.80 0.35. 0.20 13.23 0.18 0.07 m 

27 15.12 0.21 -0.46 

28 15.04 0.14 0.02 

29 14.95 0.63 0.07 14.38 0.46 -0.06 m 

30 14.79 0.15 0.07 

31 14.92 0.05 -0.82 

32 15.14 -0.12 -0.12 

33 14.69 0.56 0.10 14.12 0.39 -0.03 m 

34 15.02 0.02 -0.05 
35 15.49 0.00 -0.36 
37 13.73 0.36 0.06 13.16 0.19 -0.07 m 

38 14.95 0.07 -0.32 
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The direct photography of this cluster was also done 

using the 102-cm telescope of the Kavalur Observatory, (cf. 

Section 3.2.1). The following are the plate and filter combina­

tiers along with the exposure times. 

Plate Filter 

103a-0 UG2 

103a-0 

IIa-O 

GG13 

GGll 

Exposure time 

50 min for U 

30 min for B 

30 min for V 

The image diameters for a total of thirty eight individual 

stars were measured with the he lp of an X-V coordinate measuring 

eng1 ne in the same manner as was done for the sky survey ch arts 

(cf. Section 2.3). These measurements also included all the 

photoe lectrica lly observed stars in the fie ld of th; s cluster 

on these plates. The di ameters were then transformed to photo­

graphic magnitudes, using the' photoe lectrically observed stars 

for ca librat ion. These magnitudes and co lours are 1; sted in 

Tab le 4.6. 

4.6.2. Membership 

The photometric criteri a (cf. Section 3.3.1) was used 

to determine the membership of the individual stars. The CCO 

of this c luster, shown in Fig.4.38, indicates a c lear sequence 

for a majority of stars for which the boundaries are marked. 

Then by picking out these same stars on the two CMOI s shown 

1n Fi:gs 4 .. 39 and 4.40, a total of twenty stars have been adopted 

as ,'the IIlOst prob.~ le members of the c luster out of the observed 
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sents the ZAMS fitted onto the cluster eMU. 



- 150 -

thirtyeight stars. There are two stars (4 and 24) which may 

be long to the gi an,t branch of the cluster. But because of 

their slightly far off location from the main physical group, 

they have been marked as doubtfu 1 members. On simi lar grounds, 

stars 2 and 3 also are taken as doubtful members. Finally, 

star 11, being the brightest of the measured stars, (selection 

of the cluster depended on the spectral type of this star as 

mentioned in Section 4.6.1), is found to show much larger 

reddening which is not compatible with the cluster members. 

Thus, the star is considered as a non-member and thereby the 

cluster's earliest spectral type gets shifted to B7 (stars 10 

and 12). 

4.6.3. Reddening 

The CCO in Fig.4.38 shows a sequence formed by the member 

stars and the boundaries of this sequence show that 

with 

and 

Simi lar ly, 

with 

and 

6 E{B-V) = 0.13 mag 

E(B-V) max = 0.24 mag 

E(B-V)min = 0.11 mag. 

6 E ( U -B ) = O. 10m ag 

E(U-B}max = 0.18 mag 

E(U-B)min = 0.08 mag. 

These 'I 6 Values are close to the ones arising from the natural 

d;s~r$ion (ll.~ ,Section 3.4) and consequent 1y . an almost non-
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variable extinction across the field of the cluster is presumed. 

Hence, the following mean colour excesses have been adopted. 

E{B-V} = 1/2 [E(B-V) + E(B-V} . ] max ml n 

= 0.175 mag 

and simi larly 

E(U-B) = 1/2 [ E(U-B) + E(U-S) . ] max ml n 

= 0.13 mag. 

Then 

Av = 0.569 ~ 0.009 mag 

Using these values ;n Equations 3.18 to 3.20, the intrinsic 

magnitudes and colours of the member stars were calculated, 

which have been inc luded in Tab le 4.6 as Vo ' (B-V)o and (U-B)o' 

4.6.4. Distance 

The cluster main sequences, composed of the probable 

members in both the CMD's are p'lotted in Fig.4.41, using the 

intrinsic magnitudes and colours mentioned above. The ZJlMS 

has been shifted to match these main sequences ;n order to 

determine the true distance modulus of the cluster. This' resulted 

in 10.33 mag and 10.13 mag respect i ve ly in the long and short 

wavelength CMO's, the average being 10.23 mag. Then the distance 

to the cluster based on Equation 3.21 is 

o = 1. 11 !. O. 05. 

This value ;s in a fair agreement with those obtained by Col1inder 

(1931), Fenkart et a1. (1972) and Buscombe. (Lyng!, 1980)t which 

are 11 s ted i n Tab le 2. 3. 
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The intrinsic (B-V) , V and (U-B) , V di agrams (CMDs) 
of OC 1 585. The so 1ft! cuPves represen<t theO ZAMS, taken from 
Schmidt-Ka ler (1965), fitted onto the c luster CMOs. 
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HR-diagram of ·Oel 585. The post-MS isochrones are from Barbaro 
~t . a 1. (.196S). The ages are indicated in years alongside 
the i soehrone s . 
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4.6.5. Age of the Cluster 

Fig.4.42 shows the HR-diagram of the cluster plotted 

for the true distance modu lus of 10.23 mag. In this figure, 

it is found that the brighter MS stars extend upto the isochrone 

of 7.1 x 107 years. It has also been estimated on the basis 

of the smallest (B-V)o on the MS which gives 6 x 107 years, 

agreeing fairly well with the isochrone age of the MS. 

However, Fenkart et ala (1972) estimated the age of 

this cluster to be 3.5 x 108 years based on the earliest spectral 

type us i ng Hoerner I s (1957) method. When the same method is 

app lied to the ear liest spectra 1 type obtai ned in the present 

work (cf. Section 4.6.2) an age of 1 x 108 years is obtained. 

If the two doubtfu 1 members in the gi ant branch are 

considered as like ly members of the c luster, then their apparent 

fitting close to the isochrone of 5.9 x 108 years might indicate 

the non-coeval nature of this cluster. But the corresponding 

spre ad by the stars at the turn off area of the gi ant branch 

isochrone is not found in this diagram. Thus the membership 

of these two stars sti 11 remains doubtfu 1. Therefore, consider­

i ng on ly the rna; n sequence, the age of the cluster is prob ab ly 

between 6 and 7.1 x 107 years. 

4.7.OCl 674 (Haffner 14) 

Haffner (1957) identified this c luster and estimated 

its angular diameter to be 3.8 arcminwith fifty stars in it. 

He had also discussed its relationship with the spira' structure, 
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classifying it as III 3 m in the Trump ler system. However, 

Ruprecht (1966) rec lassified it as III 2m. Fig.4.43 gives the 

finding chart for this cluster. 

4.7.1. Selection and Observations 

This is the first cluster, for which the technique of 

visua lly inspecting the sky survey charts was app lied (cf. Section 

2.2). Stars 1, 2, 3, 13, 47, 58 and 59 appeared to be brighter 

on the blue than on the red print. Thus, considering these 

stars to be belonging to the B spectral type and assuming them 

to be cluster members, this cluster has been selected for the 

photometric investigations. 

The photoe lectric observations of this c luster were done 

uSing the 61-cm telescope of the Siding Spring Il>servatory 

(cf. Section 3.1). Standardized magnitudes and co lours for 

tota 1 of ten stars were obtained and the va lues are inc luded 

in Table 4.7. The atmospheric extinction co-efficients, the 

transformation coefficients and the zero-poi nt const ant s 

(cf. Equations 3.6 to 3.11) are given below. 

Kv = 0.060 e: ;: 0.337 

" 
= 5.148 

Kb_v = 0.146 ].1 = 0.762 , = 0.040 
bv 

KU_b = 0.080 ~ = -2.116 1,; ub = 1. 765 

The direct U,B,V photography of this cluster was done 

with' the he lp 'of the 1- m te lescope at Siding Spring Observatory 

the plate and filter combinations along 
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Table 4.7. The observational data for individual stars in 
the open cluster OCl 674. 

Star V ( B-V) (U-B) Vo (B-V)o (U-B)o E(B-V) 
No. 

1 2 3 4 5 6 7 8 

Photoelectric photometry 
1 12.863 0.406 0.049 

5 14.338 0.645 -0.144 

13 13.727 0.428 -0.240 11. 719 -0.190 -0.685 0.618 
25 14.368 0.652 0.214 11. 940 -0.095 -0.325 0.747 
26 14.084 0.515 -0.095 11.890 -0.160 -0.580 0.675 
27 12.470 0.480 0.186 
28 13.778 0.533 0.343 
37 13.173 0.589 0.332 11.129 -0.040 -0.130 0.629 
38 14.033 0.527 0.070 11. 963 -0.110 -0.385 0.637 
56 12.086 0.573 0.275 

Photographic photometry 
2 13.02 0.26 -0.18 
3 12.94 0.40 0.23 
6 14.82 0.48 0.12 12.95 -0.10 -0.33 0.58 
7 13.97 0.44 -0.14 12.03 -0.16 -0.58 0.60 
8 14.17 0.50 0.10 12.27 -0.09 -0.30 0.59 

11 13.35 0.44 -0.12 11.44 -0.15 -0.54 0.59 
14 15.66 0.96 0.59 13.23 +0.21 0.06 0.75 
15 15.48 0.97 0~69 12.74 +0.13 0.07 0.84 
16 14.69 0.63 0.39 12.57 -0.03 -0.08 0.65 
17 15.41 0.56 0.12 13 .. 27 -0.10 -0.35 0.66 
18 14.74 0.56 0.33 12.80 -0.04 -0.10 0.60: 
21 15.70 0.83 0.47 13.78 +0.24 0.05 0.59 
31 15.01 0.74 0.50 13.06 +0.14 0.08 0.60 

Member-
ship 
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m 
m 
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m 
m 

m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
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1 2 3 4 5 6 7 8 9 

34 12.29 1.54 1.06 10.16 0.89 0.59 0.66 m 
35 15.23 0.98 0.55 12.93 0.27 0.04 0.77 m 
36 14.18 0.58 0.32 12.17 -0.04 -0.13 0.62 m 
39 15.51 0.67 0.32 13.13 -0.06 -0.19 0.73 m 
40 15.34 0.54 0.10 13.27 -0.10 -0.35 0.64 m 
43 13.13 1.58 1.15 11.00 ·0.93 0.68 0.66 m 
45 15.48 0.36 0.38 
47 13.23 0.18 0.29 
48 14.88 0.54 0.27 

50 13.26 0.·60 0.05 
51 14.05 0.25 -0.05 
52 13.24 0.37 0.02 
53 13.52 0.49 0.46 
54 14.47 1.07 0.07 
55 14.06 0.52 0.37 
57 13.29 0.39 0.09 
58 12.32 0.26 -0.36 
59 12.23 0.19 -0.28 



Plate 

IIa-O 

IIa-O 

IIa-O 
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Fi lter 

UG2 

GG13 

GG14 

Exposure time 

60 min for U 

30 min for B 

30 min for V 

From these plates, the photographic magnitudes were obtained 

for a total of fortyone stars, inc ludi ng the ten photoe lectri-

ca lly observed ones, on an arbitrary sca le. These were then 

standardized using the above mentioned photoe lectric observations 

as described in Section 3.2.2. These magnitudes and colours 

are also 1; sted in Tab 1e Ir. 7. 

4.7.2. Membership 

The CCO of this cluster, shown in Fig.4.44 indicated 

a c lear sequence for some stars for which the boundaries are 

drawn in the di agram. By pick i ng out the same stars ; n the 

two CMO's (cf. F-gs. 4.45 and 4.46) and using the photometric 

criteria as described in Section 3.3.1 a total of twentytwo 

stars have been adopted as the most prob ab le members of the 

cluster, out of the observed fortyone stars. Two of the members 

(stars 34 and 43) probably belong to the giant sequence. Pmong 

the adopted members, there are a few stars at the f ai nter end 

(stars 14, 15, 21, 31 and 35) which are located a litt le to 

the right of the MS. kcording to the photometric criteri a 

for membership it is qui te like ly th at these stars are pre-MS 

members. Thi s last inference is based on the fair ly young age 

of the cluster, which shall be discussed later on. All these 

members are denoted by Iml in Table 4.7. 
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is the unreddened main sequence (MS) taken from Schmid~­
Ka ler (1965). 
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4.7.3. Reddening 

The CCO in Fig.4.44 shows a sequence formed by a majority 

of the stars and the boundaries of this sequence show that 

D. E(B-V) = 0.17 mag 

and D. E(U-B) = 0.12 mag. 

These va lues are much larger than the natura 1 dispersion and 

therefore, the concerned stars were i ndi vidua lly corrected for 

the appropri ate i nterste llar reddeni ng. These correcti ons were 

found to be between 

E( B-V)max = 0.74 mag and E( B-V)mi n = 0.57 mag 

and between 

E(U-B)max = 0.53 mag and E{U-B)min = 0.41 mag. 

With the help of the ind'ividual E(B-V) values, which 

are included in Table 4.7, the'corresponding values of Av were 

obtained, which were found to be between 2.41 mag and ,1.85 mag. 

These; in turn, were used to correct the observed ,V values. 

All these corrected magnitudes' and colours are also included 

in Table 4.7 as Vo' (a-V)o and (U ... B}o' 

4.7.4. Distance 

The true distance modulus of this cluster has been deter­

mined by fitting ZAMS onto the cluster main sequences as shown 

;n Fig.4.47. The long and short wavelength CMOs have been found 

to yield the distance moduli; of 13.06 mag and 12.76 mag respecti­

ve ly, giving rise to an average val~e, of 12.91 "'aG- Then the 

distance 0 to the cluster, based on Equation 3.21 f$ 

0= 3.83 :i: 0 .. 215 kp.c. 
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4.7.5. Age of the Cluster 

Fig. 4.48 shows the HR-diagrarn of the cluster, plotted 

for the true distance modulus of 12.91 mag. The post-MS isochrones 

indicate an age range of 5.0 to 7.1 x 107 years, whi le the MS 

itself appears to be following the curve of 1.7 x 107 years. 

There are a few fainter stars, which are just to the right of 

the MS. It is quite likely that these stars are in the process 

of re ach; ng the MS and they seem to be c lose to the pre-MS i so­

chrone of 1.0 x 106 years, thereby giving an additional support 

to the young age of the cluster. Further, the smallest (B-V)o 

on the MS is 0.195 mag, which indicates an age of 2 x 107 years. 

Thus, based on the MS and post-MS stars, the total dispersion 

in the age of this cluster appears to be from 1.7 to 7.1 x 107 

years. 

4.8. OC 1 692 (Haffner 20) 

This c luster was a 150 identified by Haffner (1957) who 

est i mated its angu 1 ar rj i ameter to be 1. 8 arcmi n wi th twentyf i ve 

stars in it. He has also mentioned about its relationship with 

the spiral structure. It is classified as II 3 p by Ruprecht 

(1966) in the Trump ler system. 

ch'art for th is cluster. 

4.8.1. Selection and observations 

Fig" 4.49 gives the finding 

This cluster has been selected by visually inspecting 

the POSS charts (cf. Section 2.2), in whicl1 st~r~ 2, 5, 10, 
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19 and 31 appeared to be brighter on the blue print than on 

the red print. Th i sind; c ated th at the i r spectr a 1 types are close 

to B. Then, assumi ng these stars to be c luster members, th i s 

faint c luster was se lected for the photoemetric investigations. 

The photoelectric observations of this cluster were done 

using the 61-cm telescope of the Siding Spring Observatory (cf. 

Section 3.1). Standardized magnitudes ,and co lours for a tota 1 

of twelve stars were obtained and, the values are included in , 

Table 4.8. The atmospheric extinction coefficients, the transfor­

mation coefficients and the zero-point constants (cf. Equations 

3.6 to 3.11) are given below. 

Kv = 0.349 e: = 0.313 /;v = 5.797 

Kb- v = 0.153 ~ = 0.808 /;bv = 0.024 

KU- b = 0.161 \jJ = -2.467 /;ub = 1.828 

The direct photography of thi s c luster for the purposes 

of, U, B, V photometry was done with the he lp of the 1- m te lescope 

at Siding Spring Observatory (cf. Section 3.2.1). The plate 

and filter combinations are given below along with-the exposure 

times. 

Plate Fi lter exposure time 

103a-O UG 2 55 min for U 

IJa-O GG 13 40 min for B 

103a-D GG 14 35 min for V 

From these p lateSt the pflotographic Magnitud~s were 

obtained on an arbitrary scale, for a total of tw,ntyseveJ'I stars, 
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Table 4.8. The observational data for individual stars in 

the open cluster OCl 692. 

Star V (B-V) (U-B) Vo (B-V)o (U-B)o Me mbership No 

Photo.e lectri c photometry 

1 14.812 0.867 0.531 
2 13.867 0.517 0.109 
4 15.136 0.627 0.164 12.617 -0.148 -0.396 m 
5 13.944 0.626 -0.038 11. 425 -0.149 -0.598 m 

10 13.900 0.609 0.054 11.381 -0.166 -0.506 m 
16 12.837 1.494 1. 373 10.318 0.719 0.813 m 
17 14.072 0.466 0.196 
19 13.231 0.405 -0.152 
22 15.151 0.570 -0.077 12.632 -0.205 -0.637 m 
25 14.331 0.599 0.036 11.812 -0.176 -0.524 m 
30 14.881 0.600 0.500 m 
31 12.748 0.597 0.223 m 

Photographic photometry 

6 16.013 0.703 0.177 13.494 -0.072 -0.383 m 
7 15.165 0.584 0.065 12.646 -0.191 -0.495 m 
8 17.097 0.929 1.233 
9 14.855 0.557 -0.104 12.336 -0.218 -0.664 m 

11 15.519 0.583 0.016 13.000 -0.192 -0.544 m 
12 15.861 0.629 0.148 13.342 -0.146 -0.412 m 
13 17.099 0.871 0.755 14.580 0.096 0.195 m 
15 16.779 -0.013 0.191 
20 17.074 0.685 0.593 14.555 -0.090 0.033 m 
23 16.338 0.607 0.550 13.819 -0.168 -0.010 m 
24 16.222 0.136 0.154 
26 16.959 0.746 0.673 14.440 -0.029 0.113 m 
27 15.397 0.587 0.038 12.878 -0.188 -0.522 m 
28 15.390 0.655 -0.047 12.871 -0.120 -0.607 m 
29 16.030 0.851 1.076 
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including the twelve photoelectrically observed ones. These 

were then standardized using the above mentioned photoe lectric 

observations (cf. Section 3.2.2). These magnitudes and colours 

are listed in Tab le 4.8. 

4.8.2. Membership 

The CCD of this c luster, shown in Fig.4.50, indicates 

a clear sequenr.e for most of the stars, for which the boundaries 

are drawn in the diagram. By picking out the same stars in 

the two CMD IS gi ven in Figs. 4.51 ad 4.52, and by us; ng the photo­

metric criteria as described in Section 3.3.1, a total of seventeen 

stars have been adopted as the most probab le members of the 

cluster out of the observed twentyseven stars. One of the members, 

star 16, is a like ly member of the red giant branch, whi le three 

other stars(S, 10 and 25) appear'to have just evolved. All 

these members are denoted by Iml in Table 4.8. 

4.8.3. Reddening 

The CCD in Fig.4.50 shows a sequence formed by a majority 

of the stars and the boundaries of this sequence show that 

A E(B-V) = 0.11 mag 

and A E(U-B) = 0.08 mag. 

5i nce these va lues are same as the ones due to the natura 1 di sper­

sion (cf. Section 3.4), it is presumed that a non-variab le inter­

stellar extinction exists across the field of the cluster .. 

Hence the following mean colour excesses have beeA· adopted. 
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E(B-V) = 1/2 [E(B-V)max - E(B-V)min ] 

= 1/2 [0.83 + 0.72 ] = 0.775 mag 

and simi lar ly 

E(U-B) =]J2 [0.60 + 0.52 ] 

= 0.56 mag. 

Then A = 2.519 ± 0.039 mag. v 

Using these values in equation 3.18 to 3.20, the intrinsic magni­

tudes and colours were calculated, which are included in Table 

4.8 as Va' (B-V)o and (U-B)o' 

4. &4. Distance 

The ZAMS has been fitted onto the cluster mai n sequences 

shown in Fig.4.53 in order to determine the true distance modulus 

of the cluster. They are found to be 13.73 mag and 13.48 mag 

in the long and short wavelength CMD1s respectively, giving 

an average value of 13.61 mag. Then the di stance to the cluster 

based on Equation 3.21 is 

D = 5.27 ± 0.30 kpc. 

4.8.5. Age of the cluster 

Fig.4.54 shows the HR-diagram of the cluster, plotted 

for the true distance modulus of 13.61 mag. The post-MS isochrones 

indicate an age range of 5.0 x 107 to a litt le less than 

7.1 x 107 years, wh; le the MS itse lf appears to be fo l10wing 

the curve of 1.7 x 107 years. Further, the smallest (B-V)o 
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on the MS is -0.218 mag, which also indicates an age of 

1 x 107 years. It is quite like ly that star 13, being at the 

fainter end as we 11 as to the right of the MS, may be a pre­

MS contracting star. Thus, the c luster is young with a dispersion 

of 1.0 to a little less than 7.1 x 107 years in its age. 

4.9. OCl 694 (Haffner 17) 

This is the fourth cluster in the programme to be taken 

from the list given by Haffner (1957). He had estimated its 

angular diameter to be 1.6 arcmin with twentyfive stars in it. 

He had mentioned about its relationship with the spiral structure 

just as in the case of its neighbouri n9 clusters, OC 1 674 and 

OCl 692 (cf. Sections 4.7 and 4.8). This cluster had been classi­

fied as II 3p in the Trump ler system, which was slight ly modified 

by Ruprecht (1966) to III 3p. Fig.4.55 gives the finding chart 

for this cluster. 

4.9.1. Selection and Observations 

This cluster has been selected by visually inspecting 

the POSS charts (cf. Section 2.2), in which, star 38 appeared 

to be brighter on the blue print than on the red print. Assuming 

this star to bea member of the cluster and considering it to 

be of spectral type B, this cluster has been selected for the. 

photometric. investigations. 

The photometric observations were done using the 61-cm 

te lescape of the Siding SPrin.9 Observatory (cf. Section 3.1). 

St:andardized magnitud~~ and col:ours for a tota 1 of ten stars 
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were obained and the va lues are inc luded in Tab le 4.9. The 

atmospheric extinct i on coefficients, the transformation coeffi­

cients and the zero-point constants (cf. Equations 3.6 to 3.11) 

are qi ven be low. 

Kv = 0.377 e: = 0.299 

Kb-v = 0.194 ~ = 0.808 

Ku ... b = 0.333 ~ = -3.008 

The direct U, B, V photography 

with the he lp of the 1-m te lescope at 

(cf. Section 3.2.1)~ 

with the exposure times 

Plate 

103a-O 

IIa-O 

IIa-D 

The 

are 

plate and 

as under. 

Fi lter 

UG 2 

GG 13 

GG 14 

Z;v = 5.752 

Z;bv = 0.081 

Z;ub = 1.610 

of this c luster was done 

Siding Spri n9 Observatory 

fi lter combinations along 

Exposure time 

50 min for U 

40 min for B 

55 min for V 

From these plates, the photographic magnitudes were obtained 

for a total of twentysix stars, including the ten photoelectricalV 

observed ones, on an arbitrary scale. The~e were then standardized 

using the above mentioned photoe lectric observations as described 

in Section 3.2.2. These magnitudes and 'colours are listed in 

Tab le 4.9. 

4.9.2. Membership 

The CeD. of this cluster, shown in Fig.4.56, indicates 

a c lear sequence for most of the stars, for which the boundaries 
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Table 4.9. The observational data for individual stars in 
the open cluster Del 694. 

Star V (B-V) (U-B) Vo (B-V)o (U-B)o E(B-V) No. 

1 2 3 4 5 6 7 8 

Photoelectric photometry 
7 13.497 1. 914 2.611 

13 13.428 2.095 2.444 
21 14.,40 1.45 0 .. 77 10.92 0.38 0.00 1.07 
22 15.37 0.94 0.35 11.96 -0.11 -0.41 1.05 
23 15.24 0.98 0.53 11.83 -0.07 -0.22 1. 05 

... 
24 13.701 1.071 0.992 10.24 0.006 0.222 1.065 
33 14.387 0.782 0.527 
39 14.43 1.19 0.72 11. 38 0.25 0.04 0.94 
43 14.855 1.163 2.121 
45 13.389 1.297 2.224 

Photographic photometry 
14 14.55 0.90 1.09 
17 15.60 0.95 0.48 12.22 -0.09 -0.32 1.04 
25 15.56 0.99 0.21 11. 79 -0.17 -0.62 1.16 
26 13.46 2.36 2.70 -
27 16.02 0.78 -0.04 12.80 ~O.21 -0.75 0.99 
28 14.41 1.35 0.94 10.48 0.14 0.07 1. 21 
29 16.44 0.79 0.07 13.32 -0.17 -0.62 0.96 
30 17.11 0.88 0.21 13.66 -0.18 -0.52 1.06 
31 16.12 1.02 0.34 12.35 -0.14 -0.49 1.16 
32 15.75 1.04 0.49 12.08 -0.09 -0.32 1.13 
34 16.00 0.94 0.29 12.52 -0 • .13 -0.48 1.0( 
35 15.80 0.85 0.15 12.52 -0.16, -0.58 1. 01 
36 15.53 1.05 0.39 11.70 -0~13 -0 .. 45 1.18 
37 13.50 2.34 2.50 '-

38 13.74 0.68 0.07 .. 
40 16.68 0.88 0.20 13.33 O~15 ",0 •. 53 1.03 

': ( 20 
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are drawn in the diagram. By picking out the same stars in 

the two CMD's (cf. Figs.4.57 and 4.58) and by using the photometric 

criteria as described in Section 3.3.1, a total of seventeen 

stars h ave been adopted as the most prob ab le members of the 

cluster, out of the observed twentysix stars. Star 38, on the 

basis of which the cluster has been selected, appears to be 

more like a foreground star and therefore considered as a non­

member. Stars 21, 24, 28 and 39 are probab 1y in the process 

of reaching the red giant region, whi le stars 17, 22, 23, 25, 

31, 32, 34 and 36 appear to have just evolved. All these members 

are denoted by 'm' in Table 4.9. 

4.9.3. Reddening 

The CCO in Fig.4.56 shows a sequence formed by a majority 

of the stars and the boundaries of this sequence show that 

6 E( B-V) = 0.21 mag 

and 

6 E(U-8) == 0.16 mag. 

These values are much larger than the natural dispersion (cf. 

Section 3.4) and therefore, the concerned stars were individually 

corrected for the appropriate interstellar. reddening. These 

corrections have been found to be between 

E(B-V)max = 1.17 mag and E(B-V)min = 0.96 mag 

and between 

E(U-B)max = 0.85 mag ~nd E(U-B)min == 0.69 mag. 

With the he lp . of the individua' EO~-V) v Clflues, which 

are tabu lated in Tab le 4.9, the cor\"eslXlnding va lues of Av werfl 
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obtained, which were found to be between 3.80 mag and 3.12 mag. 

These, in turn, were used to 'Correct the observed V values. 

All these corrected magnitudes and colours are also included 

in Tab le 4.9 as Va' (B-V)o and (U-B)o' 

4.9.4. Distance 

The true distance modulus of .this cluster has been deter-

mined by fitting ZAMS onto the c luster main sequences as shown 

in Fig.4.59. The long and short wavelength CMD's have been found 

to yie ld the distance modu lus of 14.21 mag and 14.06 mag, respec­

tively, giving rise to an average value of 14.14 mag. Then 

the distance D to the cluster, based on Equation 3.21 is 

o = 6.73 ± 0.23 kpc: 

4.9.5. Age of the Cluster 

Fig.4.60 shows the HR-diagram of "the cluster, plotted 

for the true distance modulus of 14.14 mag. In this diagram, 

it appears that a majority of the stars are just eva lving aNay 

from the MS. Out of the four stars (21, 24, 28 and 39), which 

look more eva lved , the stars 21 and 39 are. lac ated we 11 wi th in 

the extension of the i sochrones of the just evo lved stars, while 

stars 24 and 28 are a litt 1e too bright. However, ; n view of 

the non-coeva 1 nature of open clusters, a 11 these four stars 

have been considered as belonging to the cluster. Thus, the 

post-MS isochrones indicate an age range of 2.8 to 7.1 x 107 

years. 

an age 

age of 

The smallest (B-V)o on theMS is ... 0.21 mag whic" indicates 

of about 2 x 107 years. Thus" th~, ,di~e.r~ion in th,e 

this c luster appears 'to be' fr~ ,~' t~l",'f:~ 107 years. 
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4.10.OCl 715 (NGC 2588) 

In 1930, Trump ler estimated its angu lar di ameter to be 

2.5 arcmin and adopted a distance of 4680 parsecs. But soon 

after, Co llinder (1931) modified the angu lar diameter estimation 

to 2 arcm;n and calculated its distance as 9100 parsec. Later 

on, Barhatova (1950) found its distance to be 2750 parsec with 

an angular diameter of 5 arcmin. This cluster is classified 

as II 1 p by Ruprecht (1966) in the Trumpler system. Fig.4.61 

gives the finding chart for this cluster. 

4.10.1. Section and Observations 

This cluster has been selected by visually inspecting 

the POSS charts (cf. Section 2.2) in which, stars 5, 12, 15 

and 49 appeared bri ghter on the blue pri nt as compared to the 

red print. This is an indication of their spectral type being 

B. Assuming these stars to be members, this faint c luster has 

been selected for the photometric investigations. 

The photoe lectric observations of this c luster were done 

using the 61-cm te lescope of the Siding Spring Observatory (cf. 

Section 3.1). Standardized magnitudes and colours for a total 

of ten stars were obtained and the values are inc luded ;n Tab le 

4.10. The atmospheric extinction coefficients, the transformation 

coefficients and the zero-point constants (cf. Equations 3.6 

to 3.11) are given bel~ 

KV = 0.155 € = 0.303 ~ II = 5.435 

Kb- v = 0.154 1.1 = 0.785 r; bv ;: 0.034 

KU- b = 0.094 lj1 = "2.693 tub = ·2.225. 
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Table 4.10. The observational data for individual stars in 
the open cluster OCl 715. 

Star V (B-V) (U-B) Vo (B-V)o (U-B)o Membership No 

Photoelectric photometry 
11 13.867 1. 354 0.861 12.096 0.809 0.471 m 
12 14.243 0.318 -0.226 12.472 -0.227 -0.616 m 
14 14.983 0.521 0.124 13.212 -0.024 -0.266 m 
15 14.103 0.343 -0.349 12.332 -0.202 -0.739 m 
18 14'.840 0.384 0.006 13.069 -0.161 -0.384 m 
27 14.765 0.346 -0.323 12.994 -0.199 -0.713 m 
28 13.385 1.231 0.674 11. 614 0.686 0.284 m 
38 15.046 0.496 0.041 13.275 -0.049 -0.349 m 
40 14.696 0.399 -0.122 12.925 -0.146 -0.512 m 
41 13.178 1.146 0.552 11.407 0.601 0.162 m 

Photographic photometry 
1 14.03 0.87 0.4" 
3 13.76 1.19 0.64 11. 99 0.65 0.25 m 
5 13.97 0.34 0.12 
7 14.21 1.58 1. 30 12.44 1.03 0.91 m 

19 15.28 0.43 -0.14 13.51 -0.12 -0.53 m 
25 14.75 1. 72 2.22 
26 14.69 0.24 0.32 
33 13.34 1.08 0.99 
35 15.28 0.52 0.53 
46 14.52 0.29 -0.26 12.75 -0.26 -0.65 m 
49 13.79 0.35 -0.21 12.02 -0.19 -0.60 m 
50 14.48 1.23 0 .. 93 12.70 0.68 0.54 m 

52 13.77 1.35 0.91 12.00 0.81 0.52 m 

53 14.87 0.28 0.31 
54 ·15.88 0.87 0.48 14.11 0.32 O~O9 m 

59 15.22 0.26 0.36 
61 13.24 0.94 0.54 
62 13.99 0.42 -0.31 
63 13.50 0.29 -0 .. 09 
64 14.09 0.41 -0.03 

I q __ ' .-~ , : pSg 
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The direct U, B, V photography of this c luster was done 

with the he lp of the 1- m te lescope at Siding Spring Observatory 

(cf. Section 3.2.1). The plate and fi lter combi nat ions are 

gi ven be low a long with the exposure times. 

Plate Fi lter Exposure time --
IIa-O UG2 65 min for U 

IIa-O GG13 30 min for B 

IIa-O GG14 30 min for V 

From these plates, the photographic magnitudes were 

obtained on an arbitrary scale, for a total of thirty stars, 

including the ten photoelectrically observed ones. These were 

then standardized using the above mentioned photoelectric observa-

tions (cf. Section 3.2.2). 

listed in Tab le 4.10. 

4.10.2. Membership 

These magnitudes and co lours are 

The CCO of this cluster, shown in Fig.4.62 indicates 

a c lear sequence for most of the stars, for which the boundaries 

are drawn in the di agram. By picki ng out the same stars in 

the two CMDls given in Figs. 4.63 and 4.64 and by using the 

photometric criteria as described in Section 3.3.1, a total 

of eighteen stars have been adopted as the most probab le members 

of the c luster out of the observed thirty stars. Seven stars 

of the members (stars 3, 7, 11, 28, 41, 50 and 52) appear to 

be forming the red giant branch, while one other (star 54) could 
, 

be a pre-MS star, being at the faintest end and to the right 

Qf the MS. All these metnbers are denoter;l by Iml in Tab le 4.10. 
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4.10.3. Reddening 

The ceo of this ~c luster in Fig.4.62 shows a sequence 

formed by a majority of the stars and the boundaries of this 

sequence show that 

b. E ( B -V ) = O. 13 mag 

and 

./J. E(U-B) = 0.10 mag. 

Since these values are close to tHe ones arising from the natural 

dispersion (cf. Section 3.4), an almost non-variable extinction 

across the fie ld of the cluster h as been presumed. Hence, the 

fa llowi ng me an co lour excesses h ave been adopted. 

E(B-V) = 112 [E(B-V) + E(B-V) . ] max ml n 

= 1/2 [ (0. 61 + O. 48) ] = O. 545 mag 

and s im; lar ly 

E(U-B) ;;; 1/2 [0.44 + 0.34] 

= 0.39 mag. 

Then 

Av = 1.771 ± 0.027 mag. 

Using these values in Equations 3.18 to 3.20, the intrinsic 

magnitudes and co lours were ca leu lated, which are ; nc lu'ded 

;n Table 4.10 as Vo' (B-V)o and (U-B)o' 

4.10.4. Distance 

The ZAMS has been fitted onto. ttle c luster' main sequences 

shown in Fig.4.65 in order to determine the true d;$tan~e modu lus 
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of the cluster. The di stance modu 1i i are found to be 13.63 

mag and 13.48 mag ; n the long and short wave length CMD I S respect i­

ve1y, giving an average value of 13.56 mag. Then the distance 

to the cluster based on Equation 3.21 ;s 

D = 5.14 ± 0.18 kpc. 

4.10.5. Age of the Cluster 

Fig.4.66 shows the HR-diagram of the cluster, plotted 

for the true distance modulus of 13.56 mag. the post-MS isochrones 

indicate an age range of 7.1 x 107 to 12.5 x 107 years. However, 

the near MS stars seem to be fo llowing the iso c h ron e 

of 2.8 x 107 years. F"urther, the smallest (B-V)o on the MS 

is -0.23 mag, which indicates an age of 1 x 107 years. There 

;s just one star (star 54) located to the right of the MS at 

its fainter end. This cou ld be a pre-MS star, if it is a member 

of the c luster. Thus, the c luster is young, though with a disper­

sion of 1.0 to 12.5 x 107 years, in its age. 

4.11.OC1 762 (Ruprecht 69) 

This faint cluster was identified by Ruprecht (1960), 

who gave its angu lar dimension as 1.4 x 2.2 arcmin with twenty 

stars ; n it. He later on classified it as I I I 2 p in the Trump ler 

system (Ruprecht, 1966). F ig.4.67 gives the finding chart for 

this cluster. 
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4.11.1. Selection and Observations 

This cluster has been selected by visually inspecting 

the correspondi ng ESO/SERC (European Southern Observatory/Science 

and Engineering Research Counci 1) Southern Sky At las Charts 

(cf. Section 2.2), in which stars 16,25 and 33 appeared to 

be bri ghter on he blue pri nt th an on the red pri nt. T his is 

an indication of their B spectral types. On the basis of this 

finding and assuming these stars to be members, this faint cluster 

has been selected for the photometric investigations. 

The photoe lectric observations of this cluster were done 

using the 61~cm telescope of the Siding Spring Observatory 

(cf. Section 3.1). Standardized magnitudes and co lours for 

a total of thirteen stars were obtained and the values are included 

in Tab le 4.11. The atmospheric extinction coefficients, the 

transformat ion coeffi cients and the zero-poi nt constants 

(cf. Equ at ions 3.6 to 3.11) are given below. 

Kv = 0.155 e; = 0.303 l.v = 5.435 

Kb- v = 0.154 J.I = 0.785 r;; bv = 0.034 

Ku_b = 0.094 1P = -2.693 r;; ub = 2.225 

The direct U, B, V photography of this cluster was done 

with the help of the I-m telescope at Siding Spring Observatory 

(cf. Section 3.2.1). the p late and fi lter combi nations are 

given below along with the exposure times. 

Plate Fi lter Exposure time 

IIa-O UG2 55 min for U 

lO3a-0 GG13 35 min for B 

IIa-D 6614 20 min for V 
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Table 4.11. The observational data for individual stars 
in the open cluster OCl 762 

Star 
No. 

V (B-V) (U-B) Vo (B-V)o (U-B)o E(B-V) 

1 2 3 4 5 6 7 8 

Photoelectric photometry 
1 12.184 1.377 1.323 

5 15.278 2.873 4.556 
6 14.246 0.749 -1.041 
8 15.047 0.781 0.280 

10 13.447 0.584 -0.166 10.802 -0.23 -0.74 0.814 
13 14.909 4.685 2.162 
16 12.465 0.596 -0.482 9.488 -0.32 -i .05 0.916 
17 11.861 1.387 0.884 8.708 0.417 0.V4 0.97 , 

20 11. 974 1. 773 1.498 8.822 0.803 0.788 0.97 
22 14.255 0.875 -0.052 10.631 -0.24 -0.86 1.115 
27 14.803 0.846 -0.108 11.209 -0:26 -0.90 1.106 
33 11. 947 0.669 -0.467 8.700 -0.33 -1.08 0.999 
34 13.729 0.671 -0.416 10.508 -0.32 -1.05 0.991 

Photographic photometry 
2 14.32 0.33 -0.14 
3 16.02 0.71 -0.54 
4 18.68 1.90 -0.15 
7 12.37 1. 53 1.92 
9 14.88 3.59 1.05 

11 16.89 2.04 -0.31 
12 19.49 1.43 -0.33 
14 17.40 1. 77 -0.06 
15 16.92 3.37 3.57 

18 15.43 0.97 0.28 11.77 -0.15 -0.53 1.12 
19 17.76 3.23 2. as 
21 13.84 1.56 -0 .• 05 

Membeship 

9 

m 

m 
m 
m 
m 
m 

m 
m 

m 
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1 2 3 4 5 6 7 8 9 

23 15.49 2.20 0.02 

24 19.44 0.63 -0.14 

25 12.94 0.48 -0.64 10.30 -0.33 -1.08 0.81 m 

26 13.51 0.61 -0.46 10.48 -0.32 -1.05 0.93 m 

28 16.31 3.56 0.76 

29 18.41 1.58 -0.08 

30 18.54 2.05 -0.31 

31 17.02 2.53 -0.43 

32 18.57 1. 52 0.36 

35 15.92 4.04 2.97 

36 16.92 1. 75 -0.31 

37 16.37 0.61 -0.23 13.64 -0.23 -0.84 0.84 m 



- 194 -

From these plate"s, the photographic magnitudes were obtained 

for a tota 1 of thirtyseven stars, inc luding the thirteen photo-

electrically observed ones. These values, which were on an 

arbitrary scale, were then standardized using theabove mentioned 

photoelectric observations (cf. Section 3.2.2). These magnitudes 

and co lours are li sted in Tab le 4.11. 

4.11.2. Membership 

The CCO of this c luster shown in Fig.4.68 indicates a 

c lear sequence for some of the stars, for which the boundaries 

are drawn in the di agram. By picking out the same stars' in 

the two CMOls given in Figs. 4.69 and 4.70 and by using the 

photometric criteria as described in Section 3.3.1, a total 

of twe lYe stars have been adopted as the most probab le members 

of the c luster out of the observed th irtyseven stars. Two of 

the members (stars 17 and 20) appear to be located in the red 

giant branch of the cluster. 

by Iml in Tab le 4.11. 

4.11.3. Reddening 

A 11 these members are denoted 

The sequence shown by the member stars in the C·CD of this 

cluster (cf. Fig.4.68) appears to be much wider, which ;s also 

seen in the larger scatter of the members around the MS in the 

two CMO's (cf. Figs.4.69 and 4.70). Thus, non-unifqrm extinction 

across the fi~ld of the cluster is clearly indicated. Further, 

the boundaries of the sequence in the ceo show th at 
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~E(B-V) = 0.32 mag 

and 

~ E(U-B) = 0.23 mag. 

These values are much larger than the natural dispersion (cf. 

Section 3.4) and therefore the concerned stars were individually 

corrected for the appropriate interstellar reddening. 

corrections have been found to be between 

E(B-V)max = 1.13 mag and E(B-V)min = 0.81 mag 

and between 

E(U-B)max = 0.82 mag and E(U-B)min = 0.59 mag. 

These 

With the help of the individual E(B-V) values, which 

are tabulated in Table 4.11, the corresponding values of Av 

were obtained, which were found to be between 3.67 mag and 2.63 

mag. These, in turn, were used to correct the observed V values. 

A 11 these corrected magni tudes and co lours are also inc luded 

i n Table 4. 11 as V 0 ' ( B - V) 0 and (U - B ) 0 • 

4.11.4. Distance 

The true d; stance modu lus of th; s c luster has been deter­

mined by fitting ZPMS onto the c luster main sequences as shown 

in Fig.4.71. The long and short wavelength CMOts have been 

found to yield the distance modulii of 14.21 mag and 14.31 mag, 

respectively, giving rise to an average value of 14.26 mag. 

Then the distance D to the cluster, based on Equation 3.21 is 

o = 7.11 ± 0.16 kpc. 
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4.11.5. Age of the Cluster 

The HR-diagram of the cluster is shown in Fig.4.72, which 

is p lotted for the true distance modu lus of 14.26 mag. The post­

MS isochrones indicate an age of 1.8 x 107 years based on the location 

of the two probable red giant member stars. However, the near 

MS stars seem to indicate an age range of about 5.5 x 106 years 

to 2.2 x 107 years. The two brighter stars (16 and 33) near the 

upper end of the MS appear to be clearly following the isochrone 

of 5.5 x 106 years, whi ch is compat; b le with the age i ndi cated 

by the sma llest (B-V) 0 o'n the MS. Under these circumstances, the 

two stars (17 and 20), which were presumed to be belonging to 

the red gi ant branch of the cluster, may turn out to be foreground 

stars rather than members of this cluster. However, in the absence 

of any other criteria, the membership of these two stars cannot 

be ronfirmed. Finally, it is quite clear that this is a very young 

c luster with a possib le dispersion of 5.5 x 106 to 2.2 x 107 years, 

in its age. 

4.12. DCl 798 (NGC 3015) 

Trumpler (1930) estimated the distance of this cluster 

to be 4680 parsecs and gave an angular diameter of 2.5 arcmin. 

However, Sh ap ley (1930) found· its distance as 3980 parsecs and 

the angu lar di ameter as 1. 5 arcmin with fifteen stars in it. 

Soon after, Collinder (1931) determined the distance to be 7150 

pars~cs and gave an angu lar di ameter of 2.5 arcmi n with just ten 

stars in it. Much later, Barhatova (1950) estimated its angu lar 

diameter to be 8 arcmi nand determi ned its ~ as 2370 pcrsecs. Hogg 

(1965) gave an argulcr dlametsr r:i 2 cremin an:! a::q;ted ~venteen sta's as members. 
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Ruprecht (1966) classified it as I 3p in the Trumpl!r symtem. M<re recent ly 

Moffat & FitzGera1d (1974) studied this cluster through UBV 

photometry, both photoe lectric and photographic. They determined 

its distance as 8000 parsecs with E(B-V) = 1.09m~. But a little 

later, FitzGerald, Jackson & Moffat (1977) restudied this cluster 

exclusively through UBV photoelectric photometry and modified 

its distance to 5500 parsecs, the ear liest spectra 1 type being 

tl1at of B2, the identification chart of this c lsuter, shown in Fig. 

4.73, is printed from the direct photograph taken at the Casse­

grain focus of the 1- m te lescope at Siding Spring Observatory. 

4.12.1. Selection and Observations 

This faint, young, remote and fairly well studied cluster 

was se lected as a check for the resu lts obtai ned in the present 

study. Eventhough, there seems to be some discrepancy in the 

estimation of the distance of the c luster by various ear lier 

workers, the latest photoelectric 'stupy with the UBV fi lters 

done by FitzGerald, Jackson & Moffat (1977) has been adopted 

as a comparison for the present purposes. 

The photoe lectric observations of this c lusster were 

done using the 61-cm telescope of the Siding Spring Observatory. 

(cf. Section 3.1). Standardized magnitudes and colours for a 

tota 1 of fourteen stars were obtained and the va lues are gi ven 

in Tab 1e 4.12. The atmospheric extinct;'on coefficients, the 

transformation coeffid,eflts atld the zerQ-pOi nt cOflstants (cf. 

~quat'.O'B 3~6 tn 3,,'11) ar:& Q,iiJern Ka:, •• 
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Table 4.12. The observational data for individual stars in 
the open cluster Oel 792. 

Star Star 
No. fIb.* 

v (B-V) (U-B) V* (B-V)* (U-B)* v (B-V) (U-B) 
000 

[(B-V) ~mber­
.ship 

1 2 3 4 5 6 7 8 9 10 11 12 13 

p~otoelectric photometry: 
1 88 13.892 0.478 , .. 0;233 13.93 0.38 0.24 

3 33 12.690 2.627 2.572 12.56 2.56 2.~0 .9.164 1.542 1.787 1.085 m 

. 8 12 14.850 C.880 -0.150 14.99 0.81 -0.04 11.110 -0.270 -0.940 1.150 m 

9 14 13.734 0.865 0.047 13.64V 0.86 0.09 10.273 -0.200 -0.720 1.065 m 

13 1 12.288 0.989 0.435 12.36 0.92 0.47 8.911 -0.050 -0.350 1.039 m 

14 4 13.767 0.930 0.253 14.07 0.85 0.20 10.257 -0.15 -0.520 1.080 m 

16 7 13.177 0.973 -0.224 13.25 0.99 -0.42 

199 13.5092.060 2.108 13.31 2.33 2.509.9830.9751.2331.085 m 

21 37 13.321 0.229 -0.258 13.44 0.26 -0.03 

2259 14.619 0.617 0.302 14.61 0.56 0.27 

26 24 12.948 1.757 0.152 13.03 1.77 0.51: 

31 72 13.875 1.118 -0.051 14.05 1.00 -0.24 

41 55 12.606 1.699 1.400 12.73 1.82 1.~6 9.080 0.614 0.615 1.085 m? 

42 56 12.855 1.104 0.509 13.04 1.07 0.52 9.072 -0.060 -0.370 1.160' m? 

Photographic photometry: 

2 87 15.59 1.30 1.26 15.66 1.35 1.1; 

4 32 15.17 0.82 0.13 15.18 0.86 .0.14 11.99 -0.16 -0.58 0.98 m 

5 31 16.11 1.00 0.32 15.92 0.9: 0.1: 12.40 -0.14 -0.50 1.14 

6)0 15.71 0.99 0.29 15.66 1.10 0.35 12.07 -0.15 -0.53 1.14 

728 15.10 0.63 0.37 15.23 0.63 0.22: .-

10 18 15.92 0.99 0.12 15.94 1.1: 1.0: 12.02 -0;21 -0.75 1.20 m 

11 20 15.87 1.10 0.50 15.76 1.01 0.38: 11.94 -0.11 -0.37 1.21 01 

12 19 15.99 1.35 0.50 16.08 1.28 0.8: 

15 5 14.99 0.84 0.14 15.2nV 0.81 0.02: 11.74 ... 0.16 -0.58 1.00 m 

17 6 1~.15 0.~9 0.20 16.25 0.62, 0.12 12.77 -0.15 -0.55 1.04 m 
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1 2 3 4 5 6 7 8 9 10 11 12 13 

18 8 16.19 0.93 0.17 16.13 1.00 0.10 12.58 -0.18 -0.63 1.11 m 

20 34 15.43 0.85 -0.11 15.41 0.85 -0.06 11.82 -0.~6 -0.91 1.11 m 

23 60 14.72 0.81 0.17 14.79 0.79 0.14 

24 61 14.94 0.71 , .0 .. 43 14.93 0.76 0.40 

25 62 15.18 0.84 0~.'21 -15.24 0.82 0.2: 12.00 -0.14 -0.5 0.98 m 
. 

28 22 14.74 0.91 0.49 14.80 0.90 0.52 

29 25 15.15 0.83 0.08 15.19 0.85 0.01 11.87 -0.18 -0.65 1.01 m 

30 70 15.49 0-.96 0.44 15.57 0.84 0.33 

32 77 14.69 0.97 -0.01 14.78 0.95 0.06 10.69 -0.26 -0.90 1.23 m 

33 79 14.43 1.12 0.62 14.44 1.11 0.8: -= 
34 13 15.68 1.02 0.40 15.59 0.98 0.33 11.96 -0.12 -0.42 1.14 m 

35 11 15.73 . 1.04 0.29 15.79 1.1: 0.1 : 11.83 -0.16 -0.58 1.20 m 
\ 

36' 10 15.36 0.99 -0.33 15.26 1.10 -0.2: 

37 15 16.07 1.13 0.18 15.95 1.17 -0.7: 

38 - 15.02 1.59 1.58 

39 16 14.67 0.89 -0.09 14.70 0.80 -0.06 10.83 -0.26 -0.92 1.15 m 

40 17 15.50 0.92 0.04 15.5: 1.1 : -0.03 11.80 -0.22 -0.79 1.14 m 

* Moffat & FitzGerald (1974); or FitzGerald, Jackson & Moffat (1977). 
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Kv = 0.155 E = 0.303 lV = 5.435 

Kb_v = 0.154 II = 0.785 r,;; bv = 0.034 

KU_b = 0.094 l\J = -2.693 r,;; ub = 2.225 

The direct UBV photogrphy of this cluster was done with 

the he lp of the 1-m te lescope at Siding Spring Obser v ator y 

(cf. Section 3.2.1). The plate and fi lter combi nati ons are 

given below along with the exposure times. 

Plate 

IIa-O 

103a-0 

IIa-D 

Fi lter 

UG2 

GG13 

GG14 

Exposure time 

65 min for U 

40 min for B 

30 min for V 

From these plates, the photographic magnitudes were obtained 

for a total of fortyone stars, inc luding the fourteen photo-

electrically observed ones. These values, which were on an 

arbitrary scale, were then standardized using the above mentioned 

photoelectric observations (cf. Section 3.2.2)'- These magnitudes 

and colours are included in Table 4.12. 

This Table also contains the star numbers given by Moffat 

& FitzGerald (1974) and by FitzGerald, Jackson & Moffat (1977) 

along with the numbers given in the present work. The magnitudes 

and colours in the form of V, (B-V) and (U-B) obtained by them 

are also included in the same Table. For an easy comparison 

of the observations, the va lues avai lab le in the literature 

(Moffat & FitzGerald, 1974; FitzGerald, Jackson & Moffat, 1977) 
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have been plotted against the present values in Figs. 4.74, 

4.75 and 4.76. In the first fi gure (i.e. 4.74), the s lope and 

the intercept obtai ned from the le ast squ ares so lut i on of the 

linear relationship between the two quantities indicate an exce­

llent match, which can be seen in the following equation. 

V(present) = 1.019 V( lit) - 0.031. 

The literature values of (B-V) for stars 5, 10 and 40 have been 

marked as uncertain and the same have been indicated in the 

next figure (i.e. 4.75) by their respective numbers. By neglect­

ing these stars in the least squares so lution, the two quantities 

of this figure also show an exce llent match as seen be low. 

(B-V)present = 0.972 (B-V) lit + 0.035. 

Simi larly, after neglecting the uncertain (U-B) values as mentioned 

so in the literature (stars 2, 5, 7, 10, 11, 12, 15, 26, 33, 

35, 36, 37 and 41), the two quantities of Fig.4.76 show a very 

good agrement. This is indicated by the fa llowing re lationship. 

(U-B)present = 1.099 (U-B) lit -0.020. 

In this last figure, there are two stars (16 and 31) at the 

upper end, which also seem to be deviating from the linear re la­

tionship. In fact, FitzGerald, Jackson & Moffat (1977) have 

found these two stars to be (f Be spectral type. 

4.12.2. Membership 

The CCO of this cluster, shown in Fig.4.77, indicates 

a clear sequence for a lar.ge number of the stars, for which 
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the boundaries are drawn in the diagram. By picking out the 

same stars in the two CMOls given in Figs. 4.78 and 4.79' and 

by using the photometric criteria as described in Section 3.3.1, 

a total of twentyfour stars have been adopted as the most probable 

members of the cluster out of the observed fortyone stars. 

'Three of the members (star 3, 19 and 41) appear to be be longing 

to the red gi ant branch of the cluster, whi le four others ("stars 

9, 13, 14 and 42) seem to have just evolved. Stars 41 and 42 

are somewhat ~ay from the actua 1 physica 1 group and yet they 

seem to be satisfying the rest of the photometric criteria. 

Therefore, these two stars 'have been given a doubtfu 1 membership. 

However, FitzGera ld, Jackson & Moffat (1977) did not attribute 

any membership to star 42, whi lethe other star was given a doubt­

fu 1 membership. stars 13 and 25 have been adopted as members 

in this work, on the basis of photometric criteria only, eventhough 

Moffat & fitzGerald (1974) and FitzGerald, Jackson & Moffat 

(1977) considered them as non-member~. Stars 16 and 31 have 

been found to be emission line stars by FitzGerald, Jackson 

& Moff at (1977) ,who adopted these two stars as a member and 

a doubtfu 1 member respective ly. Therefore, it is obvious that 

the photometric criteria alone is not sufficient for fixing 

the membership of these two stars. Simi lar ly, star 26 has been 

gi ven as a daub le star with one blue and one red component by 

FitzGerald, Jackson & Moffat (1977) and therefore its membership 

cou ld not be determined so 1e lyon the basis of the photometric 

criteri a 1 n the present work. Star 11 is one of the fainter 
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stars in the physical group and it seems to be marginally satis­

fying the photometric criteria in the present work. Therefore, 

it has been given a doubtful membership, while FitzGerald, 

Jackson & Moffat (1977) had considered it as a doubtful non­

member. The photometric criteri a of star 37 indicate it as 

a non-member in the present work, eventhough Moffat & FitzGerald 

(1974) had given a doubtful membership to it. There is just 

one star (no.38) which has been observed only in the present 

study and th is turns out to be a non-member. A 11 the other 

stars in this work agree very we 11 with the membership or non­

membership given to them by Moffat & FitzGerald (1974) and 

FitzGerald, Jackson & Moffat (1977). !hese are listed in Table 

4.12 where the members and doubtfu 1 members are denoted by 

Iml and 'm?' respectively. 

4.12.3. Reddening 

FitzGerald, Jackson & Moffat (1977) pointed out a marginal 

evidence for a slight variab le reddening across the fie ld of 

the cluster and indicated that it might be. due to photometric 

errors. However, the sequence shown by the member stars in the 

CCD of this cluster (cf. Fig. 4.77) appears to be wide enough 

to strong ly indicate a non-uniform reddening. The boundaries 

of this sequence give rise to the following dispersions. 

/). E(B-V) = 0.23 mag 

and 

A E(U-B) = 0.17 mag. 

These values are much larger than the natural dispersion (cf. 

Section 3.4) and therefore. the concerned stars w·ere individually 
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corrected for the appropriate interstellar reddening. These 

include all the stars for which the individual corrections have 

been applied by FitzGerald, Jackson & Moffat (1977). The correc­

tions app lied in the present work h'ave been found to be between 

E(B-V)max = 1.20 mag and E(B-V)min = 0.97 mag 

and between 

E(U-B)max = 0.87 mag and E(U-B)min = 0.70 mag. 

However, the mean colour excess, E(B-V)mean = 1.085 mag is 

in excellent agreement with the value obtained by FitzGerald, 

Jackson & Moffat (1977). 

With the he lp of the i ndi vidua 1 E(B-V) values, which 

are tabu lated in Tab le 4.12, the corresponding values of Av 

were obtai ned. These were found to be between 3.90 mag and 

3.15 mag, which, in turn, were used to correct the observed 

V va lues. All these corrected magnitudes and co lours are also 

included in Table 4.12 as Vo' (B-V)o and (U-B)o' 

4.12.4. Distance 

The true distance modulus of this cluster has been deter­

mi ned by fitt i n9 the Zpt.1S onto the cluster mai n sequences as 

shown in Fig.4.80. The long and short wave le n9th CMD Ish ave 

been found to yie ld the distance modu lii of 13.83 mag and 13.28 

mag, respectively, giving rise to an average value of 13.56 

mag. Then the distance D to the c luster, based on Equation 

3.21 is 

0= S.16:!\: C.65 kpc. 
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This va lue matches very we 11 with the one (0 = 5.5 ± 0.8 kpc) 

obtained by FitzGerald, Jackson & Moffat (1977). 

4.12.5. Age of the Cluster 

The HR-diagram of the cluster is shown in Fig. 4.81, 

which is p lotted for the true distance modu lus" of 13.56 mag. 

The post-MS i sochrones i nd i c ate an age range of 2.2 to 

3.7 x 107 years, while the MS itself seems to be following the 

isochrone of 1.2 x 107 years. Further, ,the smallest (B-V)o 

on the MS, also indicates an age somewhat less than 1 x 107. 

In view of this .young age, the s light scatter towards the right 

s ide of the MS oy the f ai nter stars may inc lude some pre-MS 

contracting stars also. Thus, this cluster is young enough 

to be a suitab le tracer of spiral arms with a dispersion of 

1.2 to 3.7 x 107 years, in its age. The young age is in agreement 

with the finding of FitzGerald, Jackson & Moffat (1977), who 

have shown the earliest spectral type of this cluster to be 

around B2 type. 

Thus, 
I 

the observtions and the results such as fixing 
i\ 

the membership, finding the interstellar reddening, determining 

the distance and estimating the age of the cluster in this study 

are all showing excellent agreement with those obtained by the 

ear lier authors (Moffat & FitzGera ld, 1974; FitzGera ld, Jackson 

& Moffat, 1977). On the basis of this "matching found in this 

last ment i oneQ cluster, the re li abi lity of the observations 

and resu lts obtained for the other eleven' c lusters may be inferred 

to be ~ood. 

******** 



CHAPTER 5 

EVOLUTIONARY ASPECTS OF THE SELECTED CLUSTERS AND THEIR 

RELATIONSHIP TO THE STRUCTURE IF THE GJl.AXY 

The various parameters of the twe lYe se lected clusters 

are discussed here in connection with their non-coeva 1 nature, 

the presence of non-uniform reddening and their relationship 

to the structure of the Galaxy. A 11 these c lusters show' a 

spread in their ages and most of them show variable extinction 

across their fields. The location of some of these young clusters 

in the anticentre direction of the Galaxy strong'ly supports 

the existence of an outer spira 1 feature at a distance of about 

4 to 5 kpc. Also, a fe ature, wh i ch is br anch ; ng off from the 

local arm and extending towards the Carina arm is indicated 

for the first time with the help of the present optical observa-

tions. A summary of the parameters obtained in this work is 

presented in Tables 5.1 and 5.2. 

5.1. Evolutionary Aspects 

It may be seen in Tab 1e 5.2 that an age dispersion of 

107 to 108 years exists among cluster stars. The dispersion 

in age of the cluster stars has been discussed by various earlier 

authors (Strom et a 1., 1971, 1972a, 1972b; Bodenheimer, 1972; 

Breger, 1972; Jones, 1972; McNamara, 1976). kcording to Boden­

heimer (1972), this dispersion can be due to 
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- mass loss at varyi ng rates 

- a contami nation of the CMD ' s by fie ld stars 

- non-uniform reddening across the cluster 

- stars in rapid rotation with different orientation 

of their rotational axes to the line of sight 

- the presence of circumstellar shells 

- the presence of spectroscopic bi naries gi vi ng compos ite 

colo~ and magnitudes 

- a real spread in the ages of the c luster stars. 

Out of the above mentioned possibi lities the effect 

of mass loss, according to Ezer & Cameron (1971), is to shift 

the evolutionary track and the time scale to that which is 

generally appropriate to a star of the resulting final mass. 

They, however, concluded that the spread of the stellar points 

on HR - di agrams of the young c lusters cannot be exp lained as 

a resu lt of vari ation in mass loss rate. Thus the observed 

position of stars which undergo mass loss shou ld not be notice­

ab ly affected. 

The chance of contamination of the CMD's by field star 

is sma 11 due to the fact that particu lar care has been taken 

to pick out the most probable members for each cluster. 

To minimise the effect of non-uniform reddening, each 

i ndi vidua 1 star h as been suitab ly dereddened. 

A flattened fast rotating star viewed po 1e-on appears 

brighter than the satn.e star viewed in the p lane of its equator. 

Thus if this effect causes the 1Umin()sity spread. stars located 
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at the br; ghtest app arent magnitude in CMD shou ld h ave the 

smallest v sin i. Contrary to this, McNamara (1976) has found 

that for some of the brightest stars in Orion c luster, v sin; 

increases with luminosity, thus ruling out the effects of rapid 

rotation with differnt orientations on the luminosity spread. 

Warner et al. (1977) have shown that a luminosity spread 

is clear ly present in the cluster , even among such of the 

contracting stars which do not exhibit cireumstellar shells. 

McNamara (1976) measured the MK luminosity indicator 

Sr II (A4077)/Fe I (A4045) for some bright stars in Orion cluster 

and found that the spread in CMD is caused by an intrinsic 

difference in luminosities and not by spectroscopic bi nary 

nature of the stars. Further, the frequency of occurrence 

of binaries in clusters is noticeably small (Kopal, 197B). 

Thus, it appears that the observed luminosity spread 

in the clusters is mainly caused by stars of differing ages. 

Therefore, it may be cone luded that star formation in clusters 

is not coeval, and takes place in a time interval of approximately 

107 - lOB years. This is in agreement with the earlier suggest­

ions by various authors (Herbig, 1962; Iben & Talbot, 1966; 

Wi lliams & Cremin, 1969; McNamara, 1976; Gotz, 1977; Piskunov, 

1977; Sagar & Joshi, 197Ba, 1978b, 1979). E 1mergreen & Lada 

(1977) have proposed that DB subgroups in a given association 

are formed ina step by step process and, ther-efore, are not 

coeval. This last aspect is quite likely to be seen in the 

field of OCl 556, (cf. Section 4.5) where two clusters of differ-
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rent ages as we 11 as of different age spreads are situ.ated 

side by side, their distances being the same from the observer 

(Babu, 1983). 

5.2. Presence of Gas-Dust in Cluster 

From Table 5.1, it may be seen that the reddening of 

these young clusters is ,a function of the direction of the 

c luster and of its di stance. Fig.5.1 clearly shows that as 

the cluster distance increases,the average value of the reddening, 

E(B-V), increases, as is generally expected. That is, the 
I 

amou nt of i nterste 11 ar matter i ncre ase sin the plane of the 

Ga laxy with the increasing distance from Sun. 

The remarkable feature, especially ;n the case of young 

clusters, is the relation of the variable reddening across 

the cluster with its age. As the age of the cluster increases 

the value of ~E(B-V) decreases which is clearly shown in 

Fig.5.2. One ma~ expect this phenomenon because, at the beginning 

of star formation, only a part of the initial gas cloud ;s 

transformed into stars. With time, the remaining part of the 

gas is either swept (May by radiation from the hot young stars 

or is used up in subsequent star"formation (Tutukov, 1977, 

1978). In earlier studies, stars belonging to several young 

ste llaY" c lusters or groups have been found to be embedded 

in gas (Mezger & Smith, 1977) such as the star cluster in the . , 

dark cloud in Ophiuchus (Grasda1en et al., 197'3; Brown & Zuckerman, 

1'~75; Enr:;renal: et al., '1975; Verba et a 1., 1975), the Trapez ium 
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Fig. 5.1. The average values of E(B-V) of the individual 
clusters studied in this work are plotted against 
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individual clusters studied in this work are plotted 
against the respective median ages. 
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cluster and the IR star clusters in the Orion region (Sullivan 

& Downes, 1973; Harris & Wynn-Wi lliams, 1976; Wynn-Wi lliams 

& Becklin, 1974; Kutner et al., 1976; Mezger & Smith, 1977) 

and many others. The presence of gas and dust in all these 

clusters is a pointer to star forming activity in the cluster 

regions. 

Thus, on the basis of the above discussions and according 

to the discussions in Section 3.4, a horizontal dashed line 

is drawn in Fig.5.2 at ~ E(B-V) = 0.13 mag, to indicate the 

border between the variable and non-variable reddening. In 

thi s work, the above mentioned va lue of 0.13 mag is adopted 

as the natural dispersion as against 0.11 mag which was discussed 

in Section 3.4, because three of the clusters studied here 

showed 0.13 mag and the same were considered as having a margina­

lly non-vari ab le reddeni ng. Therefore it may now be cone luded 

that gas is still present in the clusters OCl 427, OCl 674, 

OCl 694, OCl 762 and OCl 798 and that star formation may sti 11 

be going on in these clusters. On the other hand, the star 

formation activity must have almost been completed or very 

close to completion in clusters OCl 506, OCl 556 , OCl 585, 

OCl 692 and OCl 715. There is one cluster OCl 493, which 

contains the pre-MS contracting stars and yet is situated be low 

the horizontal limiting line. Thus the border line shown ;n 

the di agram need not necessari 1y be considered as hard and 

fast. There is one other cluster OCl 501, which, in spite 

of being the second 'oldest' of the clusters studied here, 
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is showing the highest value for 6. ECB-V). One possibi lity 

could be that its median age is a little over-estimated. But 

Rahim (1970) had a 1so suggested that this c luster was slight 1y 

old. Therefore, it may be more likely that some external effect 

is causing 'this. For example, the interstellar medium between 

the c luster and ~he observer cou ld be non-uniformly distributed 

in a plane, perpendicular to the line of sight. However, this 

random ly di stributed non-uniformity of the i nterste llar matter 

in the Galaxy could be a factor in all directions and it is 

only a matter of chance of where any cluster ;s physically 

located. 

5.3. Re lationship of the Open C luster to the Structure of the 

Ga laxy 

The location of the c lusters studied in the present 

work are marked on the plane of the Galaxy in Fig.5.3, along 

with the already estab lished features of the ga lactic structure. 

These are denoted by fi 1 led circ les for which the error bars 

for the distances are indicated as seen from the Sun. Only 

one cluster namely OCl 506, has not been included in this figure 

because it is not considered as a spira 1 arm tracer due to 

its 1 0 ld I age. 

In Fig.5.3, there are four clusters (OCl 585, 674, 692 

and 715), which are clearly located alongctoe local arm between 

1,....2400 to 2500 with the di stances rangi og from about 1 kpc to 

5'kpc. One clusterc(OCl 798)ls.a definite member of the Sagitt-
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Fig- 5.3. The location 'of the c lusters studied in the present 
work are marked on the p lane of the Ga laxy a long 
with the already estab lished optical features of 
the galactic structure. Error bars for the distances 
are indicated as seen from the Sun. We 11 determined 
spira 1 features are shown as so lid 1i nes whi 1e 
tentative features are shown as dashed lines. 
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arius-Carina arm in the direction 1-280° at a distance of about 

5 kpc. 

Three of the remai ni ng clusters (OC'l 427, 493 and 556) 

studied ;n the present work are found in the outer Perseus 

region at distances of about 4 to 5.5 kpc in the direction 

1 ...., 170° to 220°. The s 1; ght ly older c luster DC 1 501 is also 

present in the same region at D ..... 4 kpc and 1 ..... 200°. The presence 

of even these few c lusters indicate the existence of the outer 

Perseus spiral feature, some evidence for which was found earlier 

by Moffat & Vogt (1973) and Vogt & Moffat (1975). 

Recent ly, Jackson, FitzGera ld & Moffat (1979) studied 

the positions of H II regions a long with the DB-star groups 

in the anticentre direction (1=150° to 250°) and pointed out 

that the outer feature appears better defined than previous 

observations indicated" extending at least from T ..... 150°,G-&.pc 

to 1 ..... 245 0 , D ..... 6.5 kpc. When the diagram given by these 

authors is super-imposed on Fi g • 5.3 of th is work, a long with 

t,!1e figure given by Vogt & Moffat (1975), the result is Fig.5.4. 

It can now be seen from this figure that the combined effort 

of the young open c luster studies (present and ear lier works) 

as well as that of the H II region studies, puts the existence 

of the outer Perseus feature beyond doubts. 

It can also be seen that in all likelihood, this outer 

feature ;s extending into the .Puppis group of clusters in 

1-2400 at 0 ..... 6 to 7 ,kpc. Th is i,s a 1so supported by the lac at ion 

of 'OC 1694, one of the present 1,y: studied c lusters, at. 1 ,"'" 245 0 

arrl D ..... 6.5 \(pc. Further, thl'S P~lIis c luster region seems 
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The locations of the c lusters studied in the present 
work (denoted by fi lled circ 1es) are shown in the 
plane of the Galaxy along with the young clusters, 
associations and H II regions studied earlier (denoted 
by small unfilled circles). The solid lines and 
dashed lines show the we 11 determined and tentative 
optica 1 features respecti ve ly. The dot-dash 1; nes 
indicate the features observed through radio wave­
lengths. The dotted 1; ne represents the branchi ng 
off feature from the loca 1 arm for the first ,time 
from .optica1 observations. 



- 228 -

to be the j u nct i on for the merg i ng of the loc a.l arm with the 

outer Perseus arm. 

The lac at i on of DC 1 762 at }-270° and 0 ...... 7 kpc appe ar s 

to be of particu lar importance, espe~i a lly due to the presence 

of two a lready known clusters - one at 1 - 265 0 , 0 ~ 6 kpc and 

the other at 1 ~28Do, 0,... 8 kpc. These positions along with 

those of DC 1 692 and OC 1 715 at"'" 2500 and 0 ..., 5 kpc give an 

indication of a feature which is originating from the local 

arm at 0 ...... 4.5 kpc and extending towards 1 ...... 280° and 0,... 8 kpc. 

This branchi ng off feature is clear ly seen in the radio map 

of the Ga laxy by Kerr (1970) and the same is marked by a dotted 

line in Fig.5.4. Thus, for the first time there seems to be 

an indicatio.n of this branching off feature from optical observa­

tions. However, it is essenti a 1 to note the strong interste llar 

extinction found in this general direction, which indicates 

the presence of large quantities of interste llar matter (Garrison, 

1985) . Thus any further attempts to improve the evidence 

for this branching off feature must be made with extra care, 

especi ally whi le account i ng for the ; nterste l1ar reddeni ng 

in the direction of 1 ~26Do to 280°. 

******* 



CHAPTER 6 

SU""ARY MD FUTURE PROSPECTS 

The study of f ai nt young open clusters was undertaken 

on the suggestion of late Prof. M.K.V.Bappu in order to obtain 

the luminosities of stars contai ned in the very distant and 

hitherto not-well-studied clusters, with the hope of using 

these clusters as spiral arm tracers, if they were found 

sufficiently ,young. 

A new technique was developed for the selection of the 

clusters where the spectral types of individual stars obtained 

by using modified objective-grating spectroscopy were combined 

with the V magnitudes which were estimated from the image 

di ameters on the sky survey ch arts (for examp le, Palomar 

Observatory Sky Survey Charts). In this, the telescope time 

was needed only for obtaining the ,objective-grating spectra, 

whi le the other parameter was obtained from the already avai 1-

able survey charts. It was also possible to observe fainter 

stars upto V -15 mag with this method. This combination 

of spectral .type (objective-grating) and V mag (sky survey 

chart) was found" to work well in establishing the cluster 

reality by indicating the respective HR-diagram and consequently 

Ule possible members. A total of six young clusters were 

ij"';.'~d with thi s technique. Six more c lusters were se lected 

in the southern sky by visually picking up the bluer looking 
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clusters from the respective survey charts. 

These twelve possibly young clusters extend in the 

galactic longitude 1 _168° to 280° with the galactic latjtude 

b ...., + 2°.4 to -SO. 2. A 11 these clusters h ave been subjected 

to photoelectric and photographic photometry using the telescopes 

at the Kava lur Observatory as we 11 as those at the Mount 

Stromlo and Siding Spring Observatories. 

The members of each c luster have been carefu lly se lected 

on the basis of the photometric criteria. OCl 762 contains 

twe lve members out of the observed thirtyseven stars, whi le 

OCl 427 contains fiftyfive members out of the observed seventy­

seven stars. These two cases are about the minimum and maximum 

respectively 'showing the number of member stars. In almost 

all c lusters, the observed faintest magnitude reached upto 

V -15 to 16 mag, sometimes going even upto 17 mag. 

A 11 the c lusters studied in th is program show various 

amounts of dispersions in their respective ages, supporting 

the ear lier suggestions that star formation in c lusters is 

not coeval, but is prolonged. 

On the basis of the interstellar extinction found for 

the cluster, it may be seen that the average value of this 

extinction generally increases with the increasing distance 

from the S un, as i s n~rma l1y expected. Further, as the age 

of the cluster increases, the differential reddening across 

tb~ tie ld of the respective c luster has been found to be 
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decreasing. This indicates that some ainount of gas is sti 11 

present in the younger c lusters and it is a poi nter to the 

star forming activity in the region of such clusters. 

Four of the clusters studied in this program are located 

along the spiral arm in which the Sun also is located. Four 

others are situated in a more distant spiral feature, which 

is beyond the presently known Perseus arm. This distant 

feature, which is now called as the outer arm, is just about 

getting more clear ly defined and the presence of four more 

c lusters (from this study) in that region, renders a further 

support to the ex i stence of th i s arm. It appears that this 

outer feature extends into Puppi s group of clusters, where 

it probab ly merges with the loca 1 arm. 

The presence of a few more c lusters between the Puppi s 

group of c lusters and the Cari na arm, inc ludi ng one from 

the present work, indicates a feature branching off from 

the local arm and extending towards the possible end of the 

Carina arm. These are perhaps the first optical observations 

of this feature which has been indicated earlier by radio 

studies. 

FUTURE PROSPECTS 

The present study was intended to app 1y a new observa­

tional technique of picking up and using the young clusters 

in tracing the large scale structure of the Mi lky Way Galaxy. 
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In the present work, this method could be used on thirty two 

out of about one hundred 'unknown' clusters in the galactic 

longitude 1_160° to 280°, which appear to be likely physical 

groupings consisting of stars fainter than 12 mag. It may 

now be extended to the remai ni ng ones wh ich may revea 1 a 

few more faint c lusters of young category. Photometric obser­

vat ions of these clusters wou ld he lp us to further estab li sh 

the distribution of interstellar extinction with distance. 

The ratio between the ear ly type stars, and the late type 

stars in each cluster as related to its age and physical 

location would tell us about the nature of the star formation 

and eventually of the galactic disc. It would be interesting 

to see the effect of age on the li near diameter of the cluster 

at a given distance. This would again give us some infor.:.. 

mation regarding the cluster formation. 

The general luminosity function and the initial luminosity 

function of these young clusters would eventually lead to 

the initial physical conditions, such as, gas density, tempe­

rature, turbulent velocity, chemical composition and the 

magnetic fie ld configuration prevai li ng in the protoste llar 

clouds. This work needs the observations of almost all the 

stars in the fie ld of any given cluster. 

A search for the presence of Bok g lebu les ; n the young 

clusters wou ld throw more light on the star formation activity 

in these clusters, and consequently in the galactic disc. 
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Since interst llar extinction decreases as the wave length 

of the observed radiation incr~es, studies in the infrared 

regions make it possib le to observe the predomi nant radi ation 

in the red giants and the pre-MS stars. Further, at longer 

wavelengths, thermal emission from dust becomes more important. 

From the IR studies, it is possib le to obtain the line-of­

sight column density of the interstellar dust, which is an 

important component in the structure of the Galaxy and the 

average temperature of the dust, which is a measure of the 

energy density of the stellar radiation heating it. Young 

c lusters with i nterste llar matter ; n them are very good candi­

dates for this work. 

******** 
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