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ABSTKACT

The composite, reddening-corrected, B-V color-index, (B-V)0, is 
computed for each of ten galactic clusters. NGG 129 is further investi
gated in order to determine the maximum possible range in (B-V)o. This 
is less than about 0^15 • It is shown that only those stars within 4 mag. 
of the brightest assumed cluster member are needed to obtain (B-V)q to 
within about 0?06. The color-age relation for these clusters is shown 
to be linear, with the equation

(&-V)T = -0.07 + 0.67 (B-V)o.
±.02 ±.02 (m.e.)

The slope of this equation is the same as that of the color-age 
relation obtained from the observed integrated colors of Kron and Mayall 
(i960), with the observed curve shifted 0?13 to the red of the computed 
curve. It is suggested that the color-age relation might be used to 
predict, in most cases to within about 0?1, the (B-V)t of galactic 
clusters which are so remote that their ages cannot be determined relia
bly by present methods.
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1. THE OBSERVED COLOR-ACE RELATION

Kron and Mayall (I960) give photoelectric observations, on their 
PVI system, of the integrated colors of 137 star clusters. Of these,
159 are globular clusters, in external galaxies as well as in our own.
The remaining 28 are galactic clusters that are members of our own 
system.

Kron and Mayall (I960) present a three-color (two-color-index) 
diagram of the observations, uncorrected for reddening, and suggest that 
such three-color photometry of integrated light may provide a classifica
tion, perhaps according to age, of both galactic and globular clusters. 
They state that the corrected integrated magnitudes are probably reliable 
to 0?5 for galactic clusters as well as for sparse globular clusters.

These data are used in obtaining the observed color-age relation 
for galactic clusters, plotted in Figure 1. The abscissa, (B-V)0, is 
the reddening-corrected composite B-V color-index, obtained by the use 
of their transformation equation relating B-V to P-V, along with the 
color excess, Eg_y, determined for each cluster by Johnson, Hoag, Iriarte, 
Mitchell, and Ballam (1961). The ordinate, (B-V)^, is the color-index 
of the point on the zero-age main sequence at which the cluster sequence 
turns up, and is therefore an indicator of the cluster age. These values 
are also from Johnson et al. (1961). The equation of the linear 
regression line is

(B-V)t = -0.16 + 0.67 (B-V^.
-•07 —.22 (sue.)
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2. THE COMPUTED COLOR-AGE RELATION

Another approach to the problem is suggested by Johnson (1959), 
who computes the integrated colors for the Eyades and for M6? from 
observations of individual cluster members. He indicates that UBV 
photometry, alone, could not distinguish between types of globular 
clusters; but he makes no statement with regard to galactic clusters.

An approach similar to his may be used to obtain the color-age 
relation of Figure 2. Computations of the composite B-V color-indices 
were made on the IBM Type-650 computer of the Numerical Analysis Labora
tory of the University of Arizona. The computer program first, for each 
star, corrects the observed V magnitude for the visual absorption, Ay, 
and corrects the B-V color-index for Eg_y> using the method of Hiltner 
and Johnson (1956), next converts these values into V and B intensity 
ratios, then sums these ratios for all assumed cluster members, and 
finally reconverts these sums into a composite color-index, (B-V)q. The 
computer went through this procedure about a quarter of a million times. 
Approximately 3000 individual computer runs were made. The computer 
program operates in IBM 407 print-time, at the rate of 150 lines per 
minute.

Table I presents the data and sources for the ten clusters 
studied. Data for NGC 129 are discussed more thoroughly in the next 
section. (B-V)q is the computed composite B-V color-index for stars 
within 4 mag. of the brightest assumed cluster member. A(b-V)q is the 
difference between this value and the (B-V)q for all stars in the com
puter run, including the faintest ones. A(B-V)0 is ^ 0 % 5  in all cases.
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Table I* Clusters used to determine the computed color-age relation

Cluster
Number of 
stars

V, B-V 
reference eb-v

eb-vreference Remarks A(B-V)0 (B-V)t
Pleiades 224 14— Tables la,lb 0.04 10 (1) —#12 +.05 -.12
Hyades 185 13— Tables 2a,2b,2c 0.00 20 (2) +.37 +.02 +.10
Coma 41 13— Table 5 0.00 20 +.18 +.01 +.05
Praesepe 133 8— Table 3a 0.00 20 (3) +.37 +.01 +.15
M36 39 15— Table 6 0.24 10 (4) -.20 .00 -.24
M39 14 9— Table 1 0.00 9 (5) +.01 -.06
M67 59 16— Table 2 0.06 20 +.70 -.01 +.40
NGC 2362 26 15— Table 7 0.12 10 (4) -.26 -.01 -.28
NGC 6633 73 4— Table 1 0.17 4 (6) +.18 .00 +.15

138 7— Tables 1,2 0.58 7 +.13 -.04 —.16
NGC 129 192 2— Tables 1,1a,2 0.53 2 (7) +.18 -.02 -.13

222 3— Table 5 0.61 3 (7) +.26 —.03 -.07
Remarks:

(1) Included only nCluster Members* or KProbable Members.*
(2) Excluded as Non-members Stars 136, 150, I64,
(3) Included only "Cluster Members.*
(4) Included only stars not designated as “Non-members.”
(5) Included only those stars for which "membership is of high probability on the basis either of 

proper-motion criteria or of radial velocity criteria and for which membership is not of low 
probability on the basis of the other criteria•*

(6) Included only stars designated as "Definite Members
(7) (B-V),j, estimated from the authors * color-magnitude diagrams.
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(B-V)g, is the color-index of the 'turn-up point estimated by Johnson 
et al. (1961). These data for the clusters, excluding NGC 129, are used
to plot the computed Color-age relation in Figure 2. The equation of the 
linear regression line is

(B-V)t = -0.07 + 0.67 (B-V)0«
—.02 - —.02 (m. e.)

3. THE (Ev)o OF NGC 129

The color-age relation cannot be considered to be established 
unless there is some idea of the range to be expected in each coordinate. 
NGC 129 was selected to be investigated for as many variations as were 
feasible (1) since three observers have published UBV data for this 
cluster, (2) since the brightest stars have been investigated for possi
ble membership on the basis of proper motions, spectral class, radial 
velocities and/or H^ intensities, and (3) since there is a Cepheid,
DL Gas, in the cluster. This cluster should be expected to give probably 
as large a range in (B-V)q as any other cluster might give (1) because 
the investigated regions overlap only partially, (2) because there are a 
number of stars shown to be cluster members on the basis of proper motion 
criteria but for which no UBV measures are available, (3) because some 
bright stars observed in UBV do not have membership criteria at all,
(4) because of the presence of DL Gas, (5) because of the presence of 
differential reddening in the cluster, and (6) because it is a sparsely 
populated cluster and would, therefore, be more sensitive to unit change 
in cluster membership than would a richer cluster.



Since each author published" his own finding chart and his own 
designations for each star, it was necessary first to collate the 638 
observations into a list of the 330 individual stars for which observa
tions are available. A portion of this list, including all published in
formation for each star within 4 mag. of DL Gas, and for which there are 
UBV measures, is given in Table II. Probabilities of the membership of 
some of the stars have been computed by combining Figure 2 and Table III 
of Lenham and Franz (1961). These probabilities are marked with an 
asterisk. The other probabilities are taken from their tables II and V. 
Each star was given a new number for the purposes of this paper. A chart 
of these stars is given in Figure 3• In Figure 3, the large rectangle 
includes the field observed by Hoag &t al. (1961); the circle has a 
radius of 10* of arc and is centered on star 13, assumed to be the center 
of the cluster by Lenham and Franz (1961); the small rectangle refers to 
region 1 of Arp et al. (1959), and the irregular polygon is the smaller 
region observed by Hardorp. These regions are appropriately indicated, 
as are the stars measured by each observer. The 38 brightest stars are 
numbered, as nearly as possible, in order of decreasing brightness.

a) The effect on (BrZ)0 of including only those stars within 
4 mag, of the brightest assumed cluster member.

The computer program tested A(b-V)o for all possible cut-off mag
nitudes. Inspection of the results indicates that the optimum cut-off 
magnitude is 4- mag. fainter than the brightest assumed cluster member. 
Results of this cut-off for 725 computer runs on data from each observer.



Table II* Stars within 4 mag* of DL Gas in the field of NGC 129*

Star
number Region V R-V U-B

Spectral
type

Radial
velocity
(km/sec)

Membership
probability Source

Reference information
Star identification 

Table X I Number
1 1 A t % 1 % 6 7 pe -00.85 -23.27 1

Non-member 6 Hr
2 1 8.57 1.99 7 pe 2

8.57 1.92 2.15 Prob. member 2 la pe AA
8.56 1.98 2.18 7 PS 18.40 10.74

K2 lb -23.8 17 2 sp AA
30:22 19 V pm 62

3 12 8.71 1.84 2.08 7 pe 3
8.71 1.76 2.15 2 la pe AB
8.70 1.78 2.25 7 pg 15.18 10.72

MO lb -3.5 Prob. member 17 2 sp AB
MO U p Prob. non-member 21 sp AB

Non-member 19 V pm 57

4 1234 8.77 1.11 .78 7 pe 4
8.69 1.05 .70 Prob. member 2 5 pe DL Gas (max.)
9.27 1.37 .98 2 5 pe DL Gas (min.)
8.97 1.24 .87 2 5 pe DL Gas (mean)
9.16 1.32 .80 7 Pg -06.54 5.10
8.63 1.05 .70 3 5 Pg 159

Gl lb -11.0 Prob. member 17 2 sp DL Gas
Prob. member 19 V pm 34

5 1234 8.87 .96 .67 7 pe 5
8.85 .96 .67 Prob. member 2 1 Pe A
8.75 1.03 .60 7 Pg -04.60 -02.24
8.84 .94 .70 2 1 Pg
8.82 1.03 .61 3 5 Pg 101

F5 lb -11.2 Prob. member 17 2 sp A
30:22 19 V pm 38



ittuxe ±x.-—•uonxxixuea«

Radial Reference information
Star
number Region V B~V U-B

Spectral
type

velocity
(km/sec)

r Membership 
probability Source Table

Star identification 
X Y Number

6 1 8?90 ?21 % 4 7 pe 17.45 -11.53 6
8.87 .19 .19 7 PgAO V -12.3 Non-member 17 2 sp S3

7 1234 9.27 .48 -.09 7 pe "-00&90 1.90 79.26 .44 -.17 Non-member 2 1 pe B
9.04 .63 "*•14 7 Pg9.30 .41 -.19 2 2 Pg B
9.27 .46 -.13 Non-member 3 5 Pg 48

F6 V —16#9 Non-member 17 2 sp B
Non-member 19 II pm 42
Non-member 6 Br

8 1 9.36 .18 -.21 7 pe 16.85 .60 8
9.37 .15 -.21 7 PgAO V +14.3 Non-member 17 2 sp 82

30:7 19 pm 60
Non-member? 6 - Hr

9 12 9.62 .43 -.05 7 pe 9
9.65 .40 -.11 7 Pg 2.02 14.79
9.68 .31 -.02 2 2 Pg 48

Non-member 19 -II pm 48
Non-member 6 Hr

10 1 9.93 .17 -.16 7 pe 10
10.01 .14 -.16 2 la pe AC
9.80 .36 -.24 7 Pg 19.65 11.69

Prob. member 19 pm 63
Non-member? 6 Hr



Table II.-— Continued

Star
number Region V B-V U-B

Spectral
type

Radial
velocity
(km/sec)

I-Sembership
probability Source

Reference information
Star identification 

Table X Y Number
11 1234 10^89 “46 -?08 7 pe 11

10.91 .42 —•08 Rrob. member 2 1 pe C
10.88 .42 —** 7 Pg 00.00 00.00
10.88 .43 —*08 2 1 Pg 0
10.84 .52 -.12 3 5 Pg , 56

B6 iii-iv —20*0 Prob. member 17 2 sp C
Prob. member 19 V pm 44
Prob. member 6 Hr

12 12 10.90 .52 .33 7 pe 12
10.97 .49 .29 7 pg -06.47 15.26
10.88 .53 .32 2 2 pg 111

30:18 19 « pm 35

13 1234 H.13 •41 -.17 7 pe 13
11.14 .35 -.16 Prob. member 2 la pe 105
11.16 .39 —•36 7 pg -04.15 3.92
11.20 .35 -.19 2 2 Pg 105
11.11 .43 —.16 3 5 PS 136

Prob. member 19 V pm 39Prob. member 6 Hr
12 11.14 .26 .18 7 pe 34

11.12 .33 .19 2 1 pe D
11.15 .30 .13 7 pg -11,66 -03.14
11.18 .31 .16 2 1 Pg D



Table II.--Continued.

Star
number Region V B-V U-B

Spectral
type

Radial
velocity Membership
(km/sec) probability Source

Star identification 
Table X I Number

15 3234 11?42 ^73 % 4 7 pe 15
11.43 .6$ .29 7 Pg -06.20 -01.57
11.44 .79 .11 2 2 pg 115
11.39 .74 .23 Non-member 3 5 pg 102

30;24 19 V pm 36

16 12 11.68 .22 -J+7 7 pe 16
11.78 .31 —#68 7 Pg 2.44 18.23

Rrob. member 19 II pm 49

17 1234 11.71 .34 -.17 Prob. member 2 la pe 61
11.71 .38 -.29 7 Pg 1.05 7.87
11.74 .40 —.24 2 2 pg 61
11.68 .43 -.18 3 5 pg 5

Prob. member 19 V pa 45

18 123 11.76 .38 -.16 7 pe 17
11.77 .38 -.13 Prob. member 2 la pe 24
11.77 .38 -.18 7 Pg 6.89 6.40
11.74 .45 -.17 2 2 pg 24
11.74 .42 3 5 pg 181

Prob. member 19 V pm 51

19 1234 11.78 .43 -.14 7 pe 18
11.79 .40 -.13 Prob. member 2 la pe 125
11.75 .47 -.22 7 Pg -07.62 4.62
11.82 .39 —.14 2 2 pg 125
11.72 .47 -.12 3 5 pg 161

30:17 19 V pm 30



Table II .— -Continued.

Star
number Regioni V B-V U-B

Spectral
type

Radial
velocity Membership
(km/sec) probability Source

Reference information
Star identification 

Table X Y Number
20 2234 U % 7

11.84 
11.88
11.84

% 9
.45
.43
.49

—?07 
-.10 
—.12 
-.10

Prob. member 

30:9

2
7
2
3
19

la pe 
Pg2 pg

5 pg 
V pm

1.07 6.52
63
63
1

46

21 123 11.88 .56 .49 2 2 pg U S
Prob. member 19 II pm 31

22 1 11.95 .46 .25 7 pe 10.29 -05.69 1930:20 19 « 54

23 12 11.96 .35 -.13 2 2 pg 323
Prob. member 19 II pm 29

24 12 12.10 am### mrnmmm 7 Pg -12.74 6.99
12.07 .34 —.19 2 2 pg 151

Prob. member 19 II pm 23

25 1234 12.15 .43 .00 Prob. member 2 la pe 121
12.32 .43 .00 7 Pg -07.07 2.03
12.14 .45 “.09 2 2 pg 121
12.34 .45 -.05 3 5 pg 128

30:10 19 V pm 32

26 1234 12.23 .49 -.05 7 pe 20
12.21 .50 -.10 7 Pg -02.25 -03.87
12.35 .44 -.13 2 2 pe 96
12.25 .53 -.11 3 5 pg 73

Prob. member 19 V pm 41



Table II.— -Continued.

Star Spectral velocity
(kiVsec)

Membership Star identification
number Region V B-V U-B type probability Source Table X I Number
27 123 12?26 ?39 ?10 - 7 pe 21

12.27 .34 .09 7 pg 8.31 2.60
12.38 .37 .00 2 2 pg 16
12.22 .40 3 5 pg 219

Prob. member 19 V pm 53

28 1234 12.32 .39 -.07 2 2 pg 71
12.26 .47 -.05 3 5 pg 38

30:14 19 V pm 43

29 1 12.36 1.95 2.32 2 la pe AD
30:24 19 * pm 64

30 1 12.36 .37 -.08 7 pe 22
12.37 .35 —#09 Prob. member 2 la pe AE
12.41 •33 —#06 7 Pg 16.65 7.74

Prob. member 19 II pm 59

31 12 12.48 .37 8
# 2 2 pg 39

32 1234 12.50 .43 —.09 2 2 pg 93
12.42 .52 -.15 3 5 pg 83

33 123 12.50 •49 -.05 7 Pg 5.64 9.04
12.55 .42 —.03 2 2 pg 33
12.53 .47 — 3 5 pg 174

G



Table II.-— Continued

Radial Reference information
Star Spectral velocity Membership Star identification
number Region V B-V TJ-B type (kzn/sec) probability Source Table X Y Number
34 12 12?52 % 5 ?05 2 2 Pg 135

Non-member 19 II pm 27

35 12 12.52 .32 .35 2 2 Pg 156

36 1234 12.54 .48 .05 7 pe 23
12.58 .41 .09 2 1 pe B
12.53 .46 .06 7 Pg -04.05 .05
12.59 .43 .04 2 1 Pg B
12.58 .47 .09. 3 5 Pg 93

37 12 12.57 .77 .41 2 2 Pg 139

38 123 12.60 1.09 1.00 7 Pg 8.14 -.08
12.69 1.09 .83 2 2 Pg 20
12.67 1.11 — * 3 5 Pg 253

£
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in each region and with various assumptions of membership (discussed in 
section f), are given in Table III. A(B-V)q is ^0?09 in all cases and 
is generally

Table III. The effect on (B-V)0 of including only those stars
within 4 mag. of the brightest assumed cluster member.

Number of runs with the indicated A(B-V)
Reference Region 0%)2 o%3 0?04 0%5 0?06 0%7 c m o“fo9

7 2 3 10 33 32 5 6 0 i
7 3 0 3 10 16 19 3 0 0
7 4 2 1 20 23 4 1 0 0
2 2 0 29 50 19 9 3 0 0
.2 3 0 12 24 27 6 0 0 0
2 4 11 28 26 3 0 0 0 0
3 2 12 24 38 44 20 0 0 0
3 3 2 11 21 19 12 4 0 0
3 4 5 13 36 10 4 0 0 1

b) The effect on

There is differential reddening of 0^2 across the cluster, 
reported by Johnson et &1. (1961), and it may be seen from Table I that 
there is a range of 0?08 in the values of Eg_y adopted by the three ob
servers. This is reflected in the determinations of (B-V)^.

c) Ihg. effect oil (g-%)^ of the Cenheid gL Gas.

Arp, Sandage and Stephens (1959) give values for DL Gas of 
(B-V)^ = 1?05 and (B-V)̂ ^  = 1?37. Since this Cepheid is one of the 
brightest stars in the field, its color variations might be expected to 
have some effect on (B-V)0. Accordingly, these data were tested in 70 
computer runs for values of (B~V)q in the three inner regions, with
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various assumptions of membership and with DL Gas at both maximum and 
minimum. Table IV gives the range in (B-Y)0 for each pair of runs. The 
results indicate that# for all assumptions of membership in regions 2 and 
3# this range is ^0%2. For region 4# with the smallest number of stars# 
the range is ^0?05.

Table IV. Effect on (B-V)q of the Cepheid DL Gas.

Number of runs with the indicated range in (B-V)
Region (foo ofltai 0%2 0?03 0?Q4 0?05

2 0 4 19 0 0 0
3 1 3 20 0 0 0
4 2 3 6 6 5 1

d) The effect on (B-X)0 2£ assumed members for 
which there are no PBV observations.

It is not possible to determine this effect accurately. However# 
A. A. Hoag and Louise Applequist (priv. comm.) obtained additional approx
imate UBV measures of stars which were included by Lenham and Franz (1961) 
as possible members. All of these stars are fainter than DL Gas by at 
least 3™5 and all but one have B-V near (B-V)q. It is concluded that 
these stars would change (B-V)q by a negligible amount.

e) The effect on (£-][)q of observational selection.

Since most stars were measured by only one or two of the three
observers, observational selection might have an effect on (B-V) .0
Accordingly, comparisons of (B-V)q are made between observers in each 
region for the same membership assumptions. The ranges in (B~V) 
given in Table V. The range in all cases is ><C0?05.

are
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Comparisons between (B-V)q in different regions for the seme ob

server and for the same membership assumptions are also presented in 
Table V. The range in (B-V)q is ^C^IO* The higher range may be an 
indication that the smaller regions do not contain enough cluster 
members# while the larger regions contain too many non-members.

Table V. The effect of observational selection on (B-V)q.

Range in (B-V)0 for the 
indicated membership assumptions

Reference(s) Region(s)
(hit
none

(hit
non-members

(hit stars 
of low 

probability
(hit stars 
of moderate 
probability

2,7 2 0?00 0?02 0%2 0?02
2,3,7 3 0.03 0.04 0.02 0.02
2,3,7 4 0.05 0.03 0.04 0.05
7 2,3,4 0.08 0.08 0.10 0.06
2 2,3,4 0.05 0.08 0.09 0.09
3 3,4 0.02 0.03 0.03 0.03

f) The effect op (E-l)g, of various assumptions
membership.

£2B£SEBifi£ cluster

It was not feasible to test for every possible combination of 
those stars with moderate probabilities of membership# but an attempt was 
made to test a large, representative sample of such combinations. Approx
imately 2000 computer runs were made for different observers in different 
regions•

Only for the Hoag et §1. (1961) data for region 1 was the range 
in (B-V)q very large, due to the presence of star number 1. This star 
was measured by these authors and included in their color-magnitude dia
gram. In the absence of evidence to the contrary, it had to be



considered a possible member of the clusteri However, Hoag (priv. comm.) 
has since been able to show that this star is definitely a foreground 
object. Therefore, all runs on region 1 are ignored for the purposes of 
this paper. Results for the other regions are given in Table VI. The 
ranges are between 0^07 and 0?13> indicating that (B-V)q is quite sensi
tive to assumptions concerning cluster membership.

Table VI. The effect on (B-V)q of various
assumptions concerning cluster membership.

19

Reference Region Range in (B-V)q

7 2 0^13
7 3 0.07
7 4 0.08
2 2 0.11
2 3 0.08
2 4 0.07
3 3 0.07
3 4 0.09

4. CONCLUSION

The results of the investigation of NGC 129 are summarized in 
Figure 4* This diagram is reduced in scale and plotted in Figure 2. It 
would appear from these computations that the largest variation in (B-V)q 
to be expected for any cluster should be less than about oTlg. This is 
an improvement of about 0>35 over the observations of Kron and Hayall 
(I960).

However, the slopes of both the observed (Figure 1) and computed 
(Figure 2) color-age relations are identical, with the observed curve 
shifted systematically 0?13 to the red of the computed curve.



(A-a)
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Fig# 4. Th# rang# In (57), far *0C 12** Th# top hcrimmtnl lime in #a#h gr#op refer# to Regica 1, the eeoend to Region 2,
the third to Region 3, and the bottom line to Region 4* Remit# of data from Hoag, #t al, (1961) are ehoen in group A, result#
from Arp, et al, (1939) in group B, and reunite ftem Berdeep (1*60) in group C* The aeemued beet value# in eaoh eet of computer 
run# are indicated tj circle# and ereeeee* The ereeee# are plotted in Figure 2.
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This would appear to indicate that the color-age relation might 
be used to predict, in most cases to within about 0?1, the (B-V)^ of 
clusters which are so remote that their ages cannot be determined reliably 
by present methods. Johnson et al. (1961) give (B-V)^ for less than 20 
per cent of the galactic clusters listed in the catalog of Alter,
Ruprecht and Vanysek (1958). This method might be applied to the remain
ing 80 per cent, providing some correction can be made for reddening.
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