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STUDY OF THE GALACTIC CLUSTER NGC. 581

Abstract

]

'?f_-i 'i? _?» Ram Sagarand‘UC ]osiu S P A S
T Uttar P~rade.rb State Ob:ervatvrj, Matiora Peak Nami Tal 263129 . A S
S (Recervcd August 18, 1977, rev1scd December 31 1977) BT

=37 E L e ; BN P R

. Photoelectnc magmtudcs and colou:cs in the UBV systcm have bcen detc:mmed for 73 stars m'
: _:NGC 581 The value of the mterstellar reddening is 07'38. The distance modulus:to the cluster
is estimated at 12m16 + 071 and-an age of 4 X 10%years is asczibed The cluster lununosuyfuncucn“'-

is compared W1th the general and 1n1t1a1 lummos1ty funcucns

A INTRODUCTIO'N S
’ The gaIacnccluster NGC 581 (=M 103) in Cassmp-

Its’ coordmates are. i— .

_eia lies at the outer edge of the Perseus splxal arm(—l—l).

T Co . R

Tl .1950 ’______ 01'_1129111"9'.5 R V;I-II.._'=-’17287‘?02;

31950 = +60°27’O B = = -197.

-*'I‘he clustcr has: bcen ass1gned 2 class 1112p~by Ruprccht

. 5(1:966)
.. stazs for the clustex on the basis of a proper motion study

- Oja (1966) determined: the membership of .the

-and reported 73 stars:to be its: possible members.  Out

-
~

..1976) while for most of the :cmgmmg sxa,rs, only photo-

_graphic magmtudcs ard colouss are known (Hoag et.
“al. 1961 ; McCuskey and Houck 1964 ;. Moffat 1972).
“The phot‘o graphicV magnitudes, (B-V). a!nd (U-BY colours
obtamcd by different authoss, are compared i Fig, 1(A),
“Fig. 1(B) and Fig. 1(C) rcspcctlvely The mean deviation
“of the differences in the V magnitudes, (B-V) and (U-B)

“colours are given in Table 1, where H, K and' M refer
-to Hoag:erval. (1961), McCuskey and Houck (1964) and

Moffat (1972), respectively. . There magnitudes and

 colouss of the member stazs show significant differences.

The distance -to - the cluster, determined by various

-authors, lies in .the tange 0.9 kpc to.:3.55: kpc with
"4 modal value of 2.4 kpc (cf. Alter ¢t al. 1970)

Rl

(B) Compatison of (B-V) colours determined by various authoss. -

~of these; UBV photoclectnc magmtudes and colours are The present study is almcd at determmmg the UBV
presently - known for only twenty stars (of. Mcnmlhod photoelectric magmmdes and colours for the 73 member
e . o
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Flg 1 (A) Companson of V magmtudcs determmcd by various authors

(C) Compartison of (U-B) colours detcmuncd by vanous authors o

~'H, K and M are explained in the text.
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stars, _the -reddening across the- cluster, .the distance  -.: .- :<- :: - :Table 2 (Gontinued) - .- <

_modulus to the cluster and the age of the cluster.. . ——— —

8l " Star Number -
No. - . .by Oja-(1966)-

No. of common stars @ V7 (B-V) (U-B) B (VAR

— : 2 - - mn
LTl N e STl Tl 43 721
HK - -3 = 0721 0720 0721 44 22
THEMC .46 0.120 . 0.15 . 0.19 45T L T4
G 1 e 46 - 729
MR oo w e ol 47 730
. 48 732

e “Tab‘]:c‘“Z"'"“ T T e T 50% 737
51 740
52 C 42
53 . 744
e 54 - T45
T — 55 750
Y \ w56

- 57

Photoeleétrii: magnitudes and colours of stars in NGC 581. "The
stars with asterisked serial number belong to the photoelectric se-
quence by Hoag e ol (1961)., . =+ -

Sl - Star number . v
No. | by Oja(1966)

T

49 735710 .43,

59
60

m m Smt S 61
1 610 1318 030 —033 - 62

’i" ”“‘2 . "“"3‘"" "‘“"_—7"'“ “ T 5 - 58

618 14.62 0.34 0.2 .63
626 14.37 0.67 —0.06 64
629 :  14.04 075 0457 .65
632 1451 041 0.25° 2 66
6.7 : 633 : 1437 1 057 ©0.49 67
638 - 13.42 028 . _—0.09 68
T 1543 035 -7 029 69

660 7 13.80 0.28 20222 C 0 799

10% 661° . 13.49 . 037 . =007 n 810

vt O

O 0~
o
-
-]

i

1%

A

1= - 662 10457 = - 024 - - =034 A 813
. 1319 © © 047 . .- =025 73 T 85

13+ 666 1177 422 —033:

i

14 667 1452 . 0.46 —0.28

15 669 12.38° 0.20 —0.28 ", OBSERVATIONS AND REDUCTIONS -

A6 T 1435 0:7F - ———-0:30
17 .. 672 . 1507 2034 S0 029

The observations were carried out between September

18 $13 14.08 0.37.z:  —0.06 * 1976 and December 1976 on the 104-cm Sampurnanand

19 674 14.45 0.29 0.10
S20 676 - --. 1396 - 0.58 . 0.27"
2t - 671 -7 1364 T 034 0 1 =007 -
~22% - . 6719 . 722 0.26 -—0.39

- teflector. of the Uttar Pradesh, State Obscrvatory. = The
7 inethod of the obseivations and the instrumcntation are
“the same as déscribed carlicr ‘(Joshi.ez al. 1975 5 Sagar

and Joshi 1978b). “For standardizing the instrumental

230 6L o 1445 044 o 0D magaitudes, Wwe have used the .photoelectric_sequences

24 682 14.64 042 © 038
25 683 13.85 0.39 0.11

given’ by Hoag e? al. (1961).

The commputed standard

26 684 1009 - —001 —0.40 * deviations of our observations ate 207032, 07021
g0 STOT v o .

27 688 1189 T 016 —0.44 “and 4 0%016°in"U, B and V. filfers, respéetively. ™

28 . 691 - 1145 . 021. - - —046: A
29: .. 692 - > 1367 - 0357 - 003~ - T

;30 . 693, - . 1230 -~ 020 . =024 - ‘

31 - - 694 .1123 - 023 - 048 7

05U MEMBERSHIP

MY

RS B

: ";-“');“.

3. .-..700 1325 022 —0.08 . ‘McCuskey - ind. Houck (1964). and Mofat (1972)

‘35 706 = 1366 066 028 _  basis o

36 . . 708 .- 1505 . 039 1030 . - eatlier discussions (Joshi and Sagar 1977),

‘33 <703 1185 015 . —0.47 reported cluster membershipon the basis of UBV- photo-
46 S Cq0s 0 1242 o042 0 =015 C graphic photometry while Steppe (1974) did it on the

706 13.66 6 fP RGU photographic - photomietry. . - Following
we have based

370 T0 - . 1443 . 056 616 - cluster membership on Qiai"sf<(‘.19_66), pqua_cr:>m0t_ion,~st}1dy
3 . LTI L1446 020 012 alone. In doing so, we do realize that the proper motions
39% - - T2 .10.59 ©0.17 - 0,49 ~. - only pick out stars which may be cluster members; with

40 714 11.09 0.22 —0.46 a possibility that some foregs
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stars that have the same proper motion as the cluster
members are also accidentally included. Alternatively,
radial velocity too can be used to sort out the field stars,
but the absence of pertinent data in the present case
does not permit application of this criterion. Again,
while considerations of spatial distribution towards the
cluster centre enable one to estimate the number of field
stars, this still does not enable picking out of individual
field stars.

The apparent standard V magnitudes and the (B-V),
(U-B) colours of the 73 member stars in NGC 581 are
isted in Table 2.

4. REDDENING

The intezstellar reddening was determincd frem the
colour-colour diagram (CCD) of the member stars, taking

the slope of the reddening line to be 0772 (Fig. 2). The
values of the colour excesses, E(B-V) and E(U-B), thus

obtained are 0738 and 0727, respectively.

s - —a
.ol . 05 09 - 13 7
(8=v)
Pig. 2: T coolous-colour diagram of the oprn cluster
- NGC 581. - - .

An improved Q-mcthed for the detcamingticn of
intrinsic colour indices of early-type maip t(quence
stars has been given by Gutierrez-Mor(no (1975). Using
equations (3), (5) and (20) in the last menticned work,
the colour excess E(B-V) can be written as :—

E(B-V)=29.94—10 (8.964-+0.2Cy)% for X > 0.70,

where C; = (U-B)-3.714(B-V)-0.004, X is the slope of
the reddening line, and (B-V) and (U-B) are the observed
colours of thestar. Applying this method for the determi-
nation of reddening, to stars of spectral types earlier than
AO and lying on the ‘zero-age main sequence (ZAMS),
the mean values of E(B-V) and E(U-B), thus obtained
are 0737 and 0729, respectively, which are in fair
agreement with the values obtained from the CCD.

In Table 3, the average values of the reddening
(determined from early type members) in different areas
of the cluster have beenlisted. To determine these we
have : divided the cluster field into areas of 22 square
minutes of arc. From Table 3, it appears that the redden-

- ing does hot appreciably vary across the cluster.

The values E(B-V) =0738 and E(U-B) = 0728,
have, therefore, been adopted by us ds the reddening
values for the cluster. These values are in fair agreement
with the values determined by other authors (cf. Alter
e# al. 1970 ; Moffat 1972).

Table 3

Variation of redening across the clustert NGC 581. The average
value of the reddening, E(B-V) in areas 2’x2’ is indicated in the
appropriate boxes along with the number of early type stars used
for the determination of reddening given in brackets.

* +60°20”.5 +60°22’.5 +60°24’.5
3 to to to
-+60°22°,5 +60°24’.5 +60°26’.5
011"29”152s 0.41 (5) -0.40 (4) 0.39 (6)
to
01): 30 : 00
01:30:00 0.35 (3) 0.35 (9) 0.35 (8)
to
01:30:08
01 : 30 : 08 0.40 (4) 0.35 (7) 0.39 (3)
to
01:30:16
(B)
m
8.0

>|2.0

16.0

-0.4 0.4
(u-B)

Fig. 3: (A) The (V, B-V) colour-magnitude diagram
of NGC 581. (B) The (V, U-B) colour-maghni-
tude diagram of NGC 581. The solid line re-
presents the ZAMS fitted to the observations
of members.

(B-V)

5. DISTANCE

The distance modulus to the cluster has been obtained
by fitting the ZAMS given by Schmidt-Kaler (1965)
to the (V, B-V) and (V, U-B) colour magnitude diagrams
(Fig. 3(A) and (B)). The average value of the uncorrected

distance modulus obtained in this way is 13™34.0™1,
The corrected distance modulus, obtained after adopting
the ratio of total to selective absorpticn to be 3.0, is

121640, implying that the distance to the cluster
is (2.7 4-0 .13) kpc. For the same cluster, a distance of
2.44 kpc has been estimated by Moffat (1972), of 3.11
ng% ;b)y Steppe((1974) and of 2.645 kpc by Purgathofer
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My
m
—30

=5.0 L

-1.0
{
3.0
m I}
-0.2 0.2 . 0.6 1.0 .4

(B-V)o
H-R diagram NGC 581. The solid line repre-
sents the ZAMS and the dotted lines represent

the theoretical gravitational isochrones: for
0.3, 1, 1.75'and 3 million yecars.

Fig. 4:

6. H-R DIAGRAM AND AGE

The H-R diagram of NGC581 isplotted in Fig. 4

assuming a uniform reddening of 0 ™38. From the H-R
diagram, the following infercnces can be drawn:—

1. Stars having (B-V), colour greater than 0 08 have
notyetreached the ZAMS and are stillunder gravita-
tional contractian.

2. Ap cvolutionary cffect is apparcnt from the H-R
diagram of the cluster. Stars having colours in the
range -0 M22Z£(B-V),£—0 ™12 and brighter than
M, = —2™) have moved off the ZAMS. The brigh-~

test member star with My = — 6™1 and (B-V), =

—0™12 is a supergiant of spectral type B5Ib (Moffat
1972)

3. One star has reached the red giant phase.

4, A few stars situated in the region Mv>0’,nlO and

(B-V), < —0™18 are well below the ZAMS.
Since one cannot expect quite so many subdwarfs
in the cluster, these could be more distant back-
ground stars. A similar situatian prevails also in
the open cluster Tr 1 (Sagar and Joshi 1978a).

The valuc of the turn-off colour is estimated to be
-0™194-0"703, which corresponds to an age of 4.7x107
years, on the Sandage 1957) scale. Using the theoretical
evolutionary curves by Barbaro ez gl (1969), the ag-
estimate works out to be 3.1x107 years. On these esti,
mates, an age of 4 X 107 years can be ascribed to the clustere
‘This value is somewhat higher than a photometric age of
9108 years assigned by Steppe (1974).

15
:
45} {
1
{
|
}
35| !
!
N
- |
> !
Z 25} !
z
15+
5t
m
-7.0 -3.0 L0 My

Fig. 5: The histogram is the luminosity function of
NGC 581. The broken line represcats the
general luminosity function, ¢ (My) and the

continuous line the initial luminosity function

¥ My)-

From the fit of the theoretical gravitational isochrones
(¢f. Sagar and Joshi 1978b) to the H-R diagram of the
cluster, it is found that about one fifth of the cluster
members are still in the pre-main sequence gravitational
contraction stage.

We see that the ages of the premain scql:encc stars
(oneto three million years) aze less than those of the evolv-
ing stars (4 x 107 years). Such a dispersion in ages is pos-
sible (cf. Hartmann 1970), particularly if the cluster
continues to accrete matter from a more extended. con-
centration of interstellar matter around it (cf. Larson
1972). However, the possibility that thesc stais are non-
member foreground stars cannot be ruled out.

7. LUMINOSITY FUNCTION

The luminosity functions for the cluster have been
calculated in the same manner as described eatlier (Sagar
and Joshi 1978a). They ate listed in Table 4 and are plotted
in Fig. 5, which indicates that the initial luminosity func-
tion is a considerably better approximation to the cluster
luminosity function than the general luminosity function.
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i Table 4 i
i Luminosity function for NGC 581 _" P
E :
My | Observed ¢ (My) \#(M{,)
number of i
‘x star |
1 2 3 4 |
6,99 to —6:00 1 — —_
£5:99 to -5.00 0 0.0 04 |
=4.99 to -4100 1 0.0 1.5
+3.99 to -3.00 1 0.1 33
£2.99 to =2.00 5 0.3 5.7
“1.99 to -1.00 7 12 89 "
=099 to 0. 00 13 4.6 12,6 ° r
1001 to 1.00 21 15.7 169 . i
1101 2.00 23 491 217+ =
i TOT‘K;’.}' 7 71.0 71.0 =
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(Continued from page 17)

The forthcommg eclipse of 1980 is expected to be
almost ideal for the purpose of obtaining optical obsetva-
tions of the solar chromosphere and corona. The Sua
will be at & conveunient altitude, and clear weather is usu-
ally prevalent in southern India in mid-February. Many
scientific teams are planning to set up their camps for ob-
serving this eclipse. New sophisticated techniques of
observation are going to be used on -this occasion;, which
may yield new information -about the solar chromosphere
and corona.

The path of totahty is- shown in Fig, 1. Amoug
the important places along the path of totality will
be the towns of Karwar, Dharwar, Hubli, Raichur,
Mahboobnagar, Nalagonda, Gopalpur; Puri and Bhubane-

~-swar. Some large cities like Hyderabad and Vijayawada

will fall just outside this path and thus narrowly miss the
total phase. The Japal-Ranga tgur Observatory of the
Osmania University will be in the belt of totality and in
a position to observe the total phase.

o - ]'.C.\'Bhattaieharyya
-Indian Institute of Astrophysics .

- Banglore 560034

Added in press (Editor) : Prof. J. C. Bhattacharyya has
been appointed the official national coordinator for
this total solar eclipse. Astronomers seeking mforma-

" tion should contact him.
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