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ABSTRACT 

Photometric data on the Johnson-Morgan B, V system are given for 1401 stars in the cluster area. 
Differential reddening exists across the cluster region and ranges from a minimum value of E^b-v) = 
0.29 magnitudes to a maximum of E^-v) = 0.60 magnitudes. A distance modulus of 9.0 + 0.2 magni- 
tudes was derived through the utilization of the Johnson evolutionary deviation curve method. There 
appear to be two G-type red-giant members of the cluster in addition to the 6.7-day classical cepheid U 
Sagittarii. The cluster luminosity function was studied to Mv = +5.0 and tends to agree with the 
Salpeter initial luminosity function. 

I. INTRODUCTION 

The galactic cluster M25 is located in the direction of the galactic center near heavy, 
irregular obscuring features in Sagittarius. Its 1950.0 position is a = 18h281l17, b = 
—19° 17 1, and P1 = 13?6, 611 = —4? 5. This open cluster is of particular interest because 
the classical cepheid U Sagittarii is optically coincident (Irwin 1955). The conjunction 
of the cepheid and cluster had previously been indicated by Doig (1925). The Palomar 
Sky Atlas shows that the cluster possesses several bright stars and many of intermediate 
brightness superposed upon multitudes of faint background stars. A dark lane of ab- 
sorption passes near the apparent center of M25. Even a cursory glance at the 48-inch 
Schmidt plates shows that differential reddening exists across the face of the cluster. 
References to early investigations of this open cluster may be found in the Catalogue of 
Star Clusters and Associations (Alter, Ruprecht, and Vanysek 1958). Four modern photo- 
electric studies of the cluster have been made (Irwin 1958; Johnson 1960a; Sandage 
1960; and Wampler, Pesch, Hiltner, and Kraft 1961). Spectroscopic studies, important 
since they helped to confirm the opinion that U Sagittarii is a cluster member, have been 
made by Feast (1957) and Wallerstein (1957). 

H. PHOTOELECTRIC OBSERVATIONS 

Photoelectric magnitude sequences have been established in M25 by Sandage (1960), 
Johnson (1960a), Wampler et al. (1961), and Irwin (1958). These authors observed 81, 
131, 78, and 75 stars, respectively. Together, they observed a total of 136 different stars; 
32 stars are in common to all four sequences. The yellow magnitudes of Wampler et al. 
are approximately a mean of the magnitudes for a given star in the other three sequences. 
This is not the case for the {B — V) color where everyone except Wampler et al. agrees 
systematically to about 0.001 magnitude in the mean. The {B — V) color of Wampler 
et al. is systematically 0.016 magnitudes redder than the other sequences. 

The data given by Wampler et al. (1961) were obtained at the McDonald Observatory, 
whereas Sandage (1960) observed in the south from Mount Wilson in a region of high sky 
brightness due to the Los Angeles fights. Roughly two-thirds of Johnson’s (1960a) ob- 
servations were made at McDonald; the remainder were made at the Lowell Observa- 
tory. Irwin’s (1958) data were obtained at the Radcliffe Observatory in South Africa. 
Sandage observed each of his stars once; Johnson averaged 2.5 observations per star 
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while Wampler et al. observed each star about 1.8 times. Essentially all of Irwin’s stars 
were observed twice. 

The above statements indicate the difficulty in choosing any of the four photometric 
systems as a basic system. Intercomparison of the four sequences are displayed in Figures 
1,2,3, and 4. Comparison of the Wampler et at. (1961) yellow magnitudes to the other 
three sequences shows the scatter to be over a range of about 0.07 magnitudes. A few 
stars will fall outside this limit in each sequence. The bright sky over Los Angeles and 
the single observation per star have not adversely affected Sandage’s (1960) magnitudes 
and colors with respect to the other photoelectric sequences. Bandage’s observational 
scatter in the V magnitude (Fig. 2, c) is only slightly greater. The same holds true for his 
(B — V) color (Fig. 3, a). 

The photoelectric sequence of Wampler et at. (1961) was chosen as the sequence to 
which all others would be referred. Previously published data for magnitudes and colors 
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Fig. 1.—Intercomparison of the F-magnitude systems in the sense of a, Sandage minus Johnson; 
6, Wampler minus Johnson; c, Wampler minus Sandage; and d, Wampler minus Irwin. 
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Fig. 2.—Comparison of the F-magnitude systems to Wampler’s (B — V) color in the sense of a, 
Wampler minus Irwin; Wampler minus Johnson; and c, Wampler minus Sandage. 
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Fig. 3.—Comparison of the (B — V) color systems to Wampler’s F-magnitude in the sense of a, 
Wampler minus Sandage; b, Wampler minus Johnson, and c, Wampler minus Irwin. 
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had not agreed as well as might have been suspected. Since the difficulties may have 
arisen from extinction problems, photometric data obtained at McDonald Observatory 
tied accurately to spectrograms of cluster stars classified on the MK system seem to be 
preferred (Wampler et al., 1961). Table 1 shows the difference in the V and (B — V) 
of each observer^ photoelectric sequence as compared to the sequence of Wampler 
et al. The values tabulated are the necessary systematic corrections required to place 
each sequence onto the Wampler et al. system. The final standard photoelectric values 
utilized are listed in Table 2. The first column identifies the standard star in the cluster 
identification chart (Fig. 5). The standard star numbering system is that of Wampler 
et al., and the standard stars are further identified in this system in the second column. 
The third, fourth, and fifth columns identify the standard stars in Sandage’s, Johnson’s, 
and Irwin’s systems, respectively. 

m. PHOTOGRAPHIC OBSERVATIONS 

The present photographic data tabulated in Table 3 were obtained and treated in 
reduction processes in a manner similar to that of the preceding paper on the galactic 

.2 .4 .6 .8 1.0 1.2 1.4 10 1.8 20 

Fig. 4.—Intercomparison of the (B — V) color systems in the sense of a, Sandage minus Johnson; 
(b), Wampler minus Johnson; c, Wampler minus Sandage; and d, Wampler minus Irwin. 

TABLE 1 

Comparison of Photoelectric Sequences 

Wampler minus Sandage 
Wampler minus Johnson, 
Wampler minus Irwin... 
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TABLE 3 

OBSERVATIONAL DATA 

Plate NOo Filter-Emulsion Date Exposure Remarks 

41762 V 

41768 V 

41774 V 

41779 V 

M128 V 

41762 P 

41768 P 

41774 P 

41779 £ 

M127 P 

HPS + Omag 301 1957 Apr. 30 

HPS + Omag 301 1957 May 27 

HPS + Omag 301 1957 June 20 

103aD + Omag 301 1957 July 2 

103aD + Omag 301 1956 Apr. 16/17 

1AZ + GG13 

1AZ + GG13 

1957 Apr. 30 

1957 May 27 

IAZ + GG13 

IAZ + GG13 

103a0 + GG13 

1957 June 20 

1957 July 2 

16 47To-17 47III0 Instrument 
tends to 
trai1 ; 
seeing 
good. 

17 07.0-18 07.0 

16 46.0-17 46.0 

16 00.0-17 00.0 Instrument 
trailed few 
seconds ; 
shows on 
brignt 
stars. 

3 10.0- 4 10.0 Seeing 1-2. 

l6h47To-17h47,îlO 

17 07.0-18 07.0 Part of 
plate 

16 46.0-17 46.0 

16 00.0-17 00.0 

broken 
away dur- 
ing de- 
velopment 

1956 Apr. 16/17 3 10.0- 4 10.0 
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M25 365 

cluster NGC 6087 (Landolt 1963). The stars investigated are identified in Figure 5. 
Corrections derived to eliminate the color equation and Purkinje effects are given in 
Table 4. A total of 1401 stars was investigated; the final B, V magnitudes, color, and 
color excess for each star may be found in Table 5. The magnitude and color of each 
of the photoelectric standards was read back through the photoelectric calibration curves. 
The magnitude and color thus obtained are recorded in the ninth and tenth columns 
of Table 2 for easy comparison with the photoelectric standard values. A comparison 
of the final B, V magnitude and color with the photoelectric values of Table 2 shows 
that the Purkinje effect has been successfully eliminated and the color equation effect 
removed. The probable error of a mean photographic magnitude in a given magnitude 
interval is shown in Table 6. 

TABLE 4 

Calibration Curve Corrections Designed To Eliminate 
Color Equation and Purkinje Effect 

Magnitude 
Interval 

6.5   
6.6   
6.7  
6.8-7.4... 
7.5-8.3... 
8.4-8.6... 
8.7- 9.7... 
9.8- 10.9.. 
11.0-11.5. 
11.6-11.7. 
11.8- 12.0. 
12.1  

Correction 

B 

0.00 
00 
01 
00 
00 
00 
00 

0.01 

0.00 
.01 
.00 

- .01 
- .01 

.00 

.00 

.00 
- .01 
- .02 
- .01 
-0.01 

Magnitude 
Interval 

12.2  
12.3  
12.4- 13.0. 
13.1- 13.6. 
13.7  
13.8- 14.0. 
14.1  
14.2- 14.3. 
14.4- 14.8. 
14.9- 15.8. 
15.9- 16.6. 
16.7-17.0. 

Correction 

B 

0.01 
.00 
.01 

- .02 
- .03 
- .03 
- .03 
- .03 
- .03 
- .03 
- .03 
-0.04 

0.00 
.00 

- .01 
- .01 
- .01 
- .02 
- .03 
- .04 
- .05 
-0.06 

Since only plates in B and V were available in the present photographic study, it is 
necessary to determine the color excess for the stars in the present photographic inves- 
tigation by studying the variable absorption across the cluster through the use ofthe 
photoelectrically determined color excesses of the stars in the adopted sequences. The 
color excesses determined from each individual photoelectric sequence were reduced onto 
the system of Wampler et al. (1961), in a manner similar to the one used for the V- 
magnitude and (B — V) color. Table 7 shows the difference in E{b-v) between each 
observer’s photoelectric sequence as compared to the sequence of Wampler al. The 
values tabulated are the necessary systematic corrections required to place each sequence 
onto the Wampler et al. system. There are 48 stars common to Wampler and Sandage s 
system 74 stars common to Wampler and Johnson, and 45 stars common to Irwin and 
Wampler. Sandage (1960) and Wampler et al. (1961) have computed and listed die color 
excesses for the stars which they observed in their respective papers. I computed E^b-v) 
for the Johnson (1960a) stars through the use of the Johnson nomogram method (1958) 
for stars of spectral class B9 and earlier. An average color excess was derived for the 
remaining later spectral-type stars by fitting the observed color-color plot to the standard 
color-color plot as defined by Johnson and Morgan (1953). Similarly, the color excess 
was determined for the Irwin (1958) data, although here the color-color plot for the 
Royal Cape Observatory refractor as tabulated by Irwin (1961) was used. The data from 
the three-color work of Irwin gave a mean value of E{b-v) — 0m48; the mean reddening 
determined from Johnson’s photoelectric data was (^47. The Sandage and the Wampler 
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TABLE $ 

PHOTOGRAPHIC MEASUREMENTS IN M 25 
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TABLE 5—Continued 
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TABLE ^—Continued 
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TABLE 5—Continued 

Star B-V 
(B-V) 

Star B-V 
(B-V) 

1-7-45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

8-1 
2 
3 
4 

5 
6 

7 
8 

9 
10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

27 
28 

29 
30 
31 
32 

14.43 
14.10 
14.93 
15.55 
14.48 
15.33 
13.89 
14.10 
14.30 
14.87 
14.90 

14.10 
10.45 
15.20 
14.67 
14.09 
14.58 
13.47 
14.98 
15.14 
14.60 

14.95 
14.20 
14.22 
14.30 

13.99 
15.63 
14.66 
14.85 
13.26 

14.99 
15.09 
14.20 
11.50 
14.97 
10.93 
14.62 
15.10 
10.11 

14.95 
14.64 
12.71 
14.54 

0.96 
.84 

1.47 
.90 

1.87 
1.07 
1.64 

1.19 
1.59 

.96 
1.45 

1.90 
1.88 
1.12 
1.09 
1.64 
1.20 

1.15 
.66 

1.34 
1.40 

.96 
2.05 
1.19 
1.52 
1.69 

.90 

.76 

.60 

.34 
1.07 
1.04 

.89 
1.79 
1.10 
1.96 
1.69 
1.00 

.39 

.85 

.74 
1.39 
0.88 

0.49 
.49 
.49 
.49 
.49 
.49 
.45 
.45 
.45 
.45 

0.45 

0.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 

.53 

.54 

.54 

.54 
0.54 

I- 8-33 
34 
35 
36 
37 
38 

39 
40 
41 
42 

43 
44 

45 
46 

47 
48 

49 
50 
51 
52 
53 
54 

55 
56 
57 
58 
59 
60 
61 
62 
63 
64 

II- 2-1 
2 
3 
4 

5 
6 

7 
8 
9 

10 
11 

15.20 
15.02 
14.47 
13.30 
15.17 
15.24 

15.29 
14.98 
14.81 
14.61 
14.85 
13.90 
15.43 
14.71 
15.33 
14.65 
13.94 
14.24 

15.17 
14.27 
14.33 
14.08 
15.27 
12.23 
14.58 
14.75 
14.37 
14.17 
15.10 
14.68 
15.31 
15.22 

14.12 
10.98 
11.57 
12.71 
14.73 
15.10 
12.27 
12.47 
13.99 
11.46 
13.28 

0.94 
• 98 

1.30 
.58 

1.14 
.92 

1.05 
1.14 

.83 

.87 
1.11 

.42 

.89 

.92 
1.06 

.77 
2.14 

.81 
1.03 
2.03 

.85 

.86 

.94 

.70 
1.64 
1.59 
1.48 

.84 
1.00 

.82 

.88 
0.95 

1.94 
.44 
.53 
.71 

1.05 
1.03 

.55 
1.62 
1.10 

.48 
0.45 

0.54 
.49 
.49 
.49 
.49 
•49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 

0.45 

0.54 
.54 
.57 
.49 
.54 
.54 
.51 
.48 
.48 
.49 

0.56 
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TABLE 5—Continued 
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TABLE 5—Continued 

Star B-V 
(B-V) 

Star B-V 
(B-V) 

11-8-3 
k 

5 
6 
7 
8 
9 

10 
11 
12 
13 

Ik 
15 
16 
17 
18 
19 
20 
21 
22 

23 
2k 

25 
26 
27 
28 

29 
30 
31 
32 
33 
3^ 
35 
36 
37 
38 

39 
40 
41 
42 
43 
44 

45 
46 

14.84 
14.54 
15.30 
14.07 
14.26 
14.46 
14.41 

13.51 
13.48 
12.70 

15.19 
14.05 
10.12 
14.87 
14.01 
14.02 
13.92 
15.33 
14.63 
15.29 
14.20 
8.13 

13.15 
14.44 
15.31 
15.50 
14.07 
14.18 
14.40 
14.80 
14.17 
14.91 
13.87 
14.53 
14.88 
14.72 

13.91 
14.59 
14.15 
15.16 
13.71 
14.50 

13.71 
10.80 

0.94 
1.30 
1.02 

1.53 
2.01 
1.03 
1.4g 

1.59 
1.70 

.79 

.96 
1.69 

.52 

.85 

.89 
1.69 
1.00 
1.04 

1.59 
1.13 
2.06 
1.51 

.73 
1.65 
1.22 

.98 
1.46 
1.11 
1.05 

.98 
1.60 
1.34 

.71 
1.71 

.98 

.97 
1.99 
1.50 
1.91 
1.12 

.82 
1.66 

.97 
1.26 

0.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
• 54 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.42 
.42 
.42 
.42 
.42 

0.42 

-8-47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

59 
60 
61 
62 
63 
64 
65 
66 

67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 

83 
84 

85 
86 
87 
88 

89 
90 
91 

9.84 
11.98 
15.08 
13.94 
14.11 

14.33 
14.60 
14.27 
10.78 

15.17 
15.54 
14.60 
14.69 
13.20 
13.46 
13.74 
14.64 
14.65 
14.16 
15.14 
15.49 
15.30 
13.83 
14.41 
14.92 

12.75 
13.66 
13.92 
15.22 
15.09 
15.25 
13.65 
12.96 
15.60 
15.44 
14.63 
15.48 
14.92 
14.46 
14.86 
14.71 
14.74 
14.89 
14.24 
15.48 

0.24 
1.68 

.94 
1.83 
1.83 
1.69 
1.37 
1.35 
.39 

1.18 
1.04 
1.05 
1.31 
1.36 

.82 

.74 
1.37 
1.02 

.58 
1.15 
1.07 
1.08 
1.57 
1.39 
I.34 
1.53 
1.41 

.72 
1.00 
1.00 
1.06 
1.40 
I.67 
1.05 
1.12 

.98 
• 99 

1.07 
1.71 
1.15 
1.08 
1.64 

• 98 
.83 

0.97 

0.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 

0.42 
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TABLE 5--Continued 

Star V B-V 
(B-V) 

Star B-V 
(B-V) 

5-12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

6-1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 

14.70 
13.68 
13.06 
12.94 
14.94 
14.72 
9.71 
7.04 

14.96 
14.37 
14.40 
14.06 
13.82 
13.68 
14.16 
14.37 
10.35 
15.27 
9.99 

14.70 
11.41 
13.21 
12.78 

13.39 
14.69 
13.55 
10.90 
14.35 
14.91 
11.71 
15.23 
14.55 

12.65 
14.16 
14.93 
13.98 
15.34 
15.29 
11.53 
15.24 
12.26 
13.96 
14.89 

1.69 
2.05 

.63 
1.54 
1.11 
1.12 

.41 
1.50 
1.08 
1.18 
1.15 

.76 
2.08 
1.51 

.98 
1.07 

.55 
1.09 

.42 

.88 

.48 

.95 

.62 
1.92 
1.28 

.66 

.34 

.93 

.82 
2.01 

.93 
0.89 

0.53 
• 94 

1.08 
.64 

1.09 
1.08 
.59 

1.11 
1.36 

.73 
0.84 

0.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.50 
.42 
.42 
.42 
.42 
.42 
.56 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.40 
.42 
.42 
.42 
.42 

0.42 

0.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 

0.42 

111-6-12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 
26 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

39 
40 
41 
42 
43 
44 

45 
46 

47 
48 

49 
50 
51 
52 
53 
54 
55 

14.55 
14.28 
14.24 
14.23 
15.02 
14.64 
14.29 
14.17 
13.93 
15.03 
15.05 
14.65 
14.96 
12.28 
12.29 
11.08 
13.73 
14.24 
14.21 
14.50 
14.77 
14.30 
12.48 
13.91 
15.09 
15.13 
13.72 
14.35 
14.99 
14.83 
14.93 
13.23 
13.57 
13.87 
13.44 
14.11 
14.29 
11.87 
14.28 
13.92 
15.20 
13.04 
14.22 
11.76 

O.92 
.88 

1.61 

.71 
1.14 
I.07 
1.49 
1.05 
1.99 

.94 
1.06 
1.50 
1.04 

.75 

.87 

.50 

.99 
1.94 

.93 
1.04 
1.10 
1.38 

.69 

.65 
1.16 

1.19 
1.03 
1.66 
1.15 
1.14 

.89 

.98 
1.16 

.45 

.62 
1.68 
1.51 

.69 
1.61 

.98 
1.06 

.74 
1.69 
0.44 

0.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.40 
.40 
.42 
.40 

0.40 

375 
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TABLE 5—Continued 

Star V B-V 
(B-V) 

Star B-V 
(B-V) 

111-6-56 
57 

7-1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 

19 
20 
21 
22 
23 
24 
25 
26 

27 
28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

39 
40 
41 

14.07 
12.03 

13.62 
13.76 
15.04 
14.05 
12.77 
13.81 
14.29 
14.57 
13.31 
14.20 
14.40 
14.61 
13.93 
13.97 
12.02 
14.66 
14.30 
13.87 
13.39 
14.27 
11.60 
12.66 
14.04 
14.14 
15.11 
14.37 
14.85 
11.74 
12.24 
15.13 
14.19 
14.11 
15.14 
14.07 
14.24 
14.85 
12.14 
14.62 
14.16 
14.89 
14.55 

0.90 
0.81 

2.01 
1.63 
1.07 
1.48 
2.27 
1.91 
1.93 
1.61 

• 93 
2.18 

• 96 
1.03 

.90 
2.26 

.87 

.85 
1.98 
1.98 

.97 
1.79 
1.09 

.61 
2.17 
2.26 
1.10 

.81 

1.31 
.47 
.91 

1.05 
.66 
.85 
.95 
.83 

2.14 
1.16 

.53 

.90 
2.10 
1.00 
1.97 

0.40 
0.40 

0.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 

0.42 

111-7-42 
43 
44 

45 
46 
47 
48 

49 
50 
51 
52 
53 
54 
55 
56 
57 

8-1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 

13 
14 

15 
16 

17 
18 

19 
20 
21 
22 
23 
24 

25 
26 
27 

12.64 
14.38 
11.69 
14.76 
14.15 
13.68 
14.89 
14.07 
14.75 
14.89 
15.IO 
15.14 
II.92 
15.15 
14.86 
14.40 

14.72 
14.03 
12.91 
12.67 
14.47 
11.88 
13.83 
13.74 
14.82 
13.06 
14.88 
14.66 
14.92 
14.34 
14.87 
14.28 
14.40 

13.73 
14.33 
14.49 
14.85 
14.72 
14.84 
14.47 
13.68 
15.08 
13.36 

O.52 
1.46 
I.30 
1.53 
1.00 

.76 
1.02 
1.61 

• 93 
1.04 
1.02 

.93 

.40 

.98 
1.00 
1.65 

1.26 

.79 
1.82 
1.03 
1.10 
1.40 
1.65 
1.64 

.82 
1.77 
1.10 
1.21 

1.39 
1.54 
1.06 
1.23 
1.81 

.89 
1.63 
1.26 
1.09 
1.27 
1.00 
1.72 
1.04 
1.19 
1.18 

0.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.40 
.42 

0.42 

0.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 

0.42 

376 
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M25 383 

et at. photoelectric three-color discussions both gave a mean reddening value of E(b-v) = 
0^50. 

After the stars in each individual photoelectric system had been placed on the system 
of Wampler et al., an average value of the color excess was determined from each indi- 
vidual star. Stars whose color excesses were in doubt as indicated by a colon or paren- 
thesis in any of the published papers were not included in the following study,, although 
they were tabulated in Table 2. Theoretically, the color excesses would then be used 
to construct iso-reddening contours on the M25 region of the sky. Unfortunately, too 
few stars were available for true contours to be drawn; rather, with the aid of the 48-inch 
Schmidt Sky Atlas print and the seventy-three stars whose color excesses were not in 
doubt, areas suffering similar amounts of absorption were outlined. The same numerical 
value of the color excess was applied to all stars within the boundary of a given area 
as shown in Figure 6. 

The minimum value found for E(b-v) was 0^29 for standard star 71 = IV-4-37; the 
maximum value was E(b-v) = 0m60 for standard star 63 = IV-2-1. Hence, there is a 

TABLE 6 

Probable Errors of a Mean Photographic Magnitude 

Magnitude 
Interval 

7- 8.. 
8- 9.. 
9- 10. 

10-11. 
11-12. 

Probable Error 

0.06: 
.05: 
.04 

0.03 

0.04 
.05 
.05 
.04 

0.04 

Magnitude 
Interval 

12- 13. 
13- 14. 
14- 15. 
15- 16. 
16- 17. 

Probable Error 

B 

0.03 
.03 
.03 
.04 

0.06 

0.04 
.04 
.05 

0.08 

TABLE 7 

Comparison of Color Excesses 

E(b—v) 
Wampler minus Sandage  +0“016 
Wampler wmws Johnson  + .018 
Wampler minus Irwin  +0.017 

range of in color excess, giving an absorption variation of the order of 1.5 magni- 
tudes. The majority of the color excesses were found to be in the interval 0^42-0^56. 
The probable error in the color excess is estimated to be +0.014 magnitudes. Support 
for an error of this magnitude comes from the range in the average reddening for an 
individual star as determined by various authors (Irwin 1958; Johnson 1960a; Sandage 
1960; and Wampler et al., 1961). 

The presence of some differential reddening across the cluster region gives rise to the 
possibility of checking the usually accepted value of 3.0 for the ratio of selective to total 
absorption using the photoelectric magnitudes and color excesses available from the 
standard star three-color photometry. An initial pair of plots was made of Fo versus 
(B — F)o and of Fo versus (Z7 — Æ)0 for the assumed ratio of 3.0; the plots are illus- 
trated in Figures la and 1b. The data plotted came from Table 2 for the stars whose 
color excesses were considered best known. The assumption implicit in this method is 
that the stars are all in the cluster and hence at the same distance. Scatter is apparent 
in Figures la and 1b and may be accounted for in part by the possible inclusion of field 
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384 ARLO U. LANDOLT 

stars, possible binary cluster members, observational errors, and cosmical scatter. The 
total spread in magnitude for an assumed cluster diameter of 7.8 pc is only 0.02 magni- 
tudes. 

Free-hand curves denoting the position of the main sequence were carefully drawn 
through the points in each of the several plots, as illustrated in Figures 7a and 7Z>. Stars 
outside the magnitude range 8.31 > Vo >10.33 and the color range —0.13 > (B — V)o 
> —0.03 or —0.50 > (U — B)o> —0.09 were not used to help define the position of 
the main sequence. The bright blue stars have evolved off the original cluster main se- 
quence, and fainter stars are mixed with the field stars. The magnitude and color ranges 
used essentially define only the straight-line portion of the main sequence. 

The individual vertical residuals, denoted as Aw and measured in magnitudes, are 
plotted in Figure 8 against the color excesses for the stars. The delta magnitudes were 
taken from Figures la and lb and are considered to be positive for stars positioned above 
the main sequence and negative for stars which fall below the main sequence. If the 
assumed ratio of 3.0 utilized in Figures la and 7£ is correct, then the slope of the lines 

Fig. 6.—The chart outlines the variation in reddening across the cluster. The brighter stars are 
indicated to facilitate orientation. The number in a given area indicates the value of the color excess 
in that section of the cluster. The fiducial marks on the north-south line indicate the individual ring 
positions as defined in Fig. 5. 
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Fig. la.—'Hie color-magnitude diagram defined by the photoelectric standard stars of Table 2; the 
ratio of selective to total absorption was assumed to be 3.0. Open circles represent stars not included 
in the ratio study. 

Fig. lb.—The color-magnitude diagram defined by the photoelectric standard stars of Table 2; the 
ratio of selective to total absorption was assumed to be 3.0. Open circles represent stars not included in 
the ratio study. 
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386 ARLO U. LANDOLT 

in Figure 8, a and b, should be zero. However, a least-squares solution of the Aw versus 
E(b-v) plot (Fig. 8, a) for the {B — V)o data gave a slope of — 0.10 ± 0.29. Hence, the 
ratio here is 3.1 + 0.29. Figure 8, b, developed from the (U — B)0 data, gave a slope 
of +0.22 ± 0.27. Therefore, the ratio would be 2.8 ± 0.27 for the (U — B)o color 
region. Inasmuch as the Am’s are not completely independent, we adopt 2.9 ± 0.3. 

The above value for the ratio of total to selective absorption is in general agreement 
with the work of others (Blanco 1955; Hiltner and Johnson 1956; and Whitford 1958). 
It supplies additional confirmation of the apparent variability of the law of interstellar 
reddening with galactic longitude (Hallam 1959; Wampler 1961, 1962; and Walker 
1962). 

IV. COLOR-MAGNITUDE DIAGRAM 

The color-magnitude diagram for M25, corrected for the effects of interstellar ab- 
sorption, is given in Figure 9. The adopted standards of Table 2 together with the evo- 
lutionary deviation curve method of Johnson (1960Z>) were used to determine the dis- 

.40 .50 .60 .40 .50 .60 

Fig. 8.—Vertical distance above or below the main sequence for a star in Figs, la and lb plotted 
against that star’s color excess. The plot on the left is from the (B — 7) o data of Fig. la; that on the right 
from the (U — J5)0 data of Fig. lb. 

tance modulus of the cluster. The scatter in the data is sufficient for a range of distance 
moduli from 8.8 to 9.2 magnitudes to be found. A distance modulus of 9.0 ± 0.2 mag- 
nitudes or a true distance of 630 pc was adopted, a value in satisfactory agreement with 
the determination of 8.9 ± 0.2 magnitudes by Johnson. Distance moduli obtained by 
Sandage (1960) and by Wampler et al. (1961) were 8.90 ± 0.2 and 9.08 ± 0.2 magni- 
tudes, respectively. 

Feast (1957) has published radial velocities and discussed the possible membership 
of some of the stars in the cluster M25. His work confirms membership for the majority 
of the stars brighter than magnitude 9.0 in the cluster vicinity. These stars may be 
checked photometrically for cluster membership through the use of the intrinsic-color- 
MK spectral-type relations established by Kraft and Hiltner (1961). The photometric 
and spectroscopic data for nine bright stars in the cluster vicinity are presented in Table 
8. The first three columns give the star’s identification, magnitude, and color from the 
present investigation. The spectral types in the fourth column are from Feast (1957) 
and Wallerstein (1960), while the predicted colors come from the Kraft and Hiltner 
(1961) paper. The absolute magnitudes in the sixth column are derived for each star 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
64

A
pJ

S
...

.8
..3

52
L

 

M25 387 

assuming a distance modulus of 9.0 for the cluster. The conclusion as to cluster mem- 
bership for each star is recorded under the heading “Remarks.” 

Stars IV-6-51, 1-4-19, and IV-4-41 are too blue to be members. The calculated ab- 
solute magnitudes for stars III-5-30 and III-4-21 are too low for their observed luminosi- 
ty classes. Radial-velocity studies (Feast 1957) indicate cluster membership for the 
G-type giants numbered III-3-28 and III-5-19 in Table 5. Although their derived ab- 
solute magnitudes make the stars too luminous for their observed spectroscopic luminosi- 
ties (Keenan and Morgan 1951), and their colors are slightly too red for the quoted 

-0.4 0 04 0.8 12 1.6 2.0 (B-V)0 

-0.4 0 0.4 0.8 1.2 1.6 2.0 (B-V)0 

Fig. 9.—The color-magnitude diagram for all stars measured in the region of M25, corrected for the 
effects of interstellar absorption. 

spectral types and luminosity classes (Kraft and Hiltner 1961), neither of the differences 
is large. Hence, the two stars are probably members. Two additional stars, II-6-27 and 
II-8-24, appear in the giant region of the M25 color-magnitude diagram in Figure 9. 
Even though their spectral types are not known, Table 8 shows the latter to have a color 
and absolute magnitude similar to the giants discussed above. Ad though its color is some- 
what too red, its derived absolute magnitude allows the statement that star II-8-24 may 
be a member of the cluster. Even though the spectral characteristics are unknown, note 
that star II-6-27 falls near star 1-4-19 in the color-magnitude diagram; the latter has 
been classified Ml III (Feast 1957). Since II-6-27 falls farther to the right in the color- 
magnitude diagram than does star 1-4-19, assign a spectral type of, say, M3. The 
derived absolute magnitude of —1.44 causes the star to fall between luminosity classes 
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TABLE 8 

PHOTOMETRIC AND SPECTROSCOPIC DATA USED IN DISCUSSION 

OF CLUSTER MEMBERSHIP 

Star (B-V) 
Spectral 

Type 
Predicted 

M Remarks 

IV-6-51 

1-4-19 

IV-4-41 

Il 1-5-30 

11-6-27 

11-8-24 

5.36 

7.72 

7.32 

8.73 

+0.50 

+ 1.38 

-0.04 

0.00 

11 1-4-21 7.96 -0.10 

111-3-28 6.06 +1.12 

Il 1-5-19 5.78 +1.08 

7.56 +1.45 

6.81 +1.07 

K2: * 

Ml III * 
M2 I I-I 11 I 

A9V * 

AO I * 

All * 

G5111 + 
06| I i 

G2|11 * 
G3II I 

+1.30 

+ 1.56 
+ 1.62 

+0.95: 

+0.95: 

+ 1.60 

■3.64 

■1.28 

•1.68 

■0.27 

■1.04 

■2.94 

■3.26 

•1.44 

■2.19 

nonmember 

probable 
nonmember 

nonmember 

probable 
nonmember 

nonmember 

probable 
member 

probable 
member 

possible 
member 

possi ble 
member 

*The predicted (B-V)q values are from Kraft and Hiltner (1961). 

+The absolute magnitudes are derived assuming (m-M) = 9.0. 

^Spectral type by Feast (1957)• 

I Spectral type by Wallerstein (i960). 
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M25 389 

II and III at spectral type M3. The work of Kraft and Hiltner (1961) predicts an 
intrinsic color of +1.60, which does not agree too well with the derived color of (B — F)o 
= +1.45. Considering all of the uncertainties involved, the star has a fair chance of 
being a cluster member. Spectroscopic confirmation is needed. 

Since only plates in two colors were available, it is impossible to determine definitely 
whether an individual star is a cluster member. However, the three stars which fall to 
the blue of the main sequence at Fo = 8.14, 11.64, and 14.35 are not cluster members. 
They are foreground objects appearing very blue because they were corrected for ab- 
sorption and reddening as were all of the stars investigated, since in the first approxima- 
tion they were all considered to be cluster members; hence, these three have been over- 
corrected. Also consider the two stars to the red of the main sequence, IV-4-53 and 
II-4-27, respectively, at F0 = 8.84, (B - F)0 = +0.29; and Fo = 9.54, {B - F)0 = 
+0.39. It is possible to show roughly through the work of Keenan and Morgan (1951) 
and Kraft and Hiltner (1961) that these two objects are probably foreground early giants 
which in Figure 9 have been overcorrected for reddening. 

A final check on the cluster membership for some of the stars investigated in the 
region of M25 may be made from a study of proper motion by Vyssotsky and Williams 
(1948). Table 9 tabulates proper motions on the FK3 system for thirty-five stars in the 
cluster vicinity. The first column identifies an individual star in Figure 5 of the present 
work; the second and third columns indicate the star designation in the Bonner Durch- 
musterung, the Boss General Catalogue, or in the Cape Photographic Durchmusterung. The 
final two columns list the proper motions in seconds of arc per year, with a probable 
error of about ±0.006 seconds of arc, as measured on photographic plates oriented to 
the equator of 1900.0. The stars marked with an asterisk in the third column are known 
to be cluster members (Feast 1957); from these members, the mean proper motion for 
the cluster was determined to be {jlx = —0.008 and ¡¿y = +0.003 seconds of arc per year. 
Assume the criterion that stars whose proper motions deviate from the mean motion 
by three times the probable error are non-members. On this basis, the data in Table 
8 confirm that star IV-6-51 is not a member of the cluster. The radial-velocity study by 
Feast (1957) and the present photometric work indicate that star 1-4-19 is most probably 
not a cluster member. The proper motion data at hand leave membership questionable. 
Star 1-5-5 in Table 8 may not be a member, although it falls on the main sequence in 
Figure 9. Its value of ¡jlx falls just outside the bounds set up by the criterion defined 
earlier, a good chance for membership. It is comforting to note that the proper motion 
for the classical cepheid U Sagittarii is essentially the same as the cluster’s mean motion. 

V. ALLOWANCE FOR FIELD STARS 

Again data on proper motion and (U — B)0 colors are lacking for the majority of the 
stars studied in the region of M25. All stars populating the main sequence in Figure 9 
which are bluer than (B — F)o = +0.80 will be called main-sequence stars. The fourth 
column in Table 10 gives the total number of main-sequence stars counted in each 
apparent magnitude interval, including possible foreground and background objects. Let 
the above be known as Case I. Not all of the stars visible on the original identification 
chart were measured, however. Therefore, an incompleteness factor, the ratio of the total 
number of stars visible per apparent magnitude interval in a given ring to the actual 
number of stars measured in that ring, was determined. Such a factor was found for each 
ring; they are tabulated in Table 11. The star counts in the fourth column of Table 10 
have been adjusted for this incompleteness factor. 

Differentiation between field stars and cluster members was accomplished by assuming 
that all stars measured in the outer annulus are field stars. This assumption is reasonable, 
since the mean distance of the outer annulus from the adopted cluster center is 20 minutes 
of arc, whereas the cluster radius is of the order of 17 minutes of arc (Hogg 1959). The 
ratio of the area of the total cluster region investigated to the area of the outer annulus, 
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TABLE 9 

PROPER MOTIONS IN M 25 

Star BD or GC C.P.D. 

U Sgr 
-6-33 
V-8-44 
-5-38 
V-4-11 

V-4-4 

V-7-65 
V-6-51 
-3-4 

V-6-55 

-4-19 
-3-3 
V-5-41 

-5-9 
-4-28 

V-7-69 
-4-30 
V-2-15 
-2-12 
-2-27 

-3-30 
-5-5 
V-8-69 
-2-2 
-4-1 

-3-1 
-6-10 
-4-11 
1-3-28 
-4-15 

1-5-19 
-6-27 
-8-47 
-8-46 
-8-55 

-19° 5047 

-18° 4985 

-19° 5034 

25276 
19° 5036 

19° 5038 
19° 5037 
19° 5040 

19° 5039 

18° 4989 

19° 5042 

-19° 5043 

-19° 5051 
-19° 5052 

25300 

-19° 5055 

25306 
19° 5060 
19° 5061 

19° 6907 

-19° 6877* 

■18° 414 
■19° 6881* 

•19° 6883 
•19° 6882* 
19° 6885* 

•19° 6884* 
•19° 6886* 

-19° 6889“ 
-19° 6892* 

-19° 6890* 

-19° 6893 

19 6891'''' 
19° 6906* 

19° 6911" 

19° 6915., 
19° 6917'' 

19° 6921 

-O'.'OOô 
-0.013 
-0.008 
-O.OI9 
-O.OO9 

-0.011 
-0.015 
-0.140 
0.000 

-O.OI6 

+0.011 
-0.003 
-0.011 

-0.003 
-0.014 

-0.002 
-O.OO9 
-0.011 
-0.010 
-0.010 

-0.012 
-0.028 
-O.OO5 
-0.005 
-0.014 

-0.011 
-0.019 
+0.002 
-0.010 
+O.OO5 

-0.006 
-O.OO5 
-0.013 
-0.012 
-0.010 

+0'.'002 
+0.002 
+0.002 
-O.OO3 
+0.012 

+0.004 
+0.014 
-0.218 
+0.005 
+0.007 

+O.OO7 
+0.002 
+0.002 
+0.013 
+0.001 

-0.006 
0.000 

-O.OO7 
-0.001 
+0.004 

+0.010 
+0.001 
-0.004 
-0.013 
+0.010 

-0.002 
+0.008 
+O.OO9 
-O.OO3 
+O.OO5 

-O.OO6 
+0.004 
+0.011 
+0.013 
-0.009 
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multiplied by the number of stars counted per apparent magnitude interval, predicts 
the total number of field stars per apparent magnitude interval in the cluster region 
under investigation. The actual cluster members for Case II are, therefore, represented 
by the difference between the number of main-sequence stars measured per apparent 
magnitude interval adjusted by the incompleteness factor and the number of stars 
counted in the outer annulus per apparent magnitude interval, the latter count also 
having been adjusted by the incompleteness factor. The stars comprising Case II are 
listed in the fifth column in Table 10. 

A method has been discussed (Landolt 1963) whereby it is possible to predict from 
evolutionary theory the point on a cluster’s main sequence at which stars are still 
contracting onto the main sequence. For the open cluster M25, this point turns out to 
be at My = +3.75. The effective plate limit in Figure 9 is seen to be Fo = 14.2 or 
Mv = +5.2. Hence, the stars are still contracting onto the main sequence at a point 
1.5 magnitudes above the plate limit in the present study. Although this means that per- 
haps some of the stars redder than (B — F)o = +0.80 should be included in the lumi- 
nosity function, inspection of Figure 9 shows the apparent Hertzsprung gap of the field 
stars to be rather well defined, so that the number of contracting stars to be added to 
the cluster luminosity function would in any event be small. 

TABLE 10 

Luminosity Function for M25 

Mv 

-4. 
-3. 
-2. 
-1. 

0. 
+ 1. 
+2. 
+3. 
+4. 
+5. 
SIL 

log *m.B.+ io 

3.18 
3.82 
4.42 
5.04 
5.60 
6.17 
6.60 
7.00 
7.30 
7.45 

No. of Stars 
Predicted 
by $ m.s. 

0.00 
0.20 
0.60 
2.22 
8.26 

31.22 
82.79 

126.91 
404.49 
604.32 

1261 

Case I 

1 
0 
6 

18 
39 
50 
92 

158 
417 
480 

1261 

Case II 

5.30 
0.00 

31.79 
74.17 

100.66 
243.71 
291.39 
169.54 
26.49 

317.88 
1261 

log ^m.B.+ 10 

6.08 
6.41 
6.68 
6.92 
7.10 
7.26 
7.25 
7.23 
7.30 
7.45 

No. of Stars 
Predicted 
by m.s. 

11.24 
25.29 
45.90 
79.63 

121.78 
171.43 
171.43 
164.88 
188.30 
281.04 

1261 

TABLE 11 

Incompleteness Factors for Stars 
Measured in M25 

Ring 
No. of 
Stars 

Counted 

135 
150 
198 
255 
321 
337 
383 

No. of 
Stars 

Measured 

132 
124 
151 
194 
239 
266 
295 

Ratio 

1.023 
1.210 
1.311 
1.314 
1.343 
1.267 
1.298 
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392 ARLO U. LANDOLT 

VI. THE CLUSTER LUMINOSITY FUNCTION 

Troubles may be expected in trying to derive the luminosity function for M25 from 
the present data since plates in only two colors are available. The determinations are 
weaker still, as differential reddening exists across the face of the cluster. This means 
that the reddening and absorption cannot be accurately determined for each individual 
star. 

The second, third, sixth, and seventh columns of Table 10 present the general and initial 
luminosity functions respectively as tabulated by Sandage (1957) ; they are plotted in 
Figure 10. Case I of the preceding section represented all apparent main-sequence stars 
in the direction of the cluster. Case II, the general luminosity function, and the initial 
luminosity function have all been normalized to the total number of apparent main- 
sequence stars counted in Case I. Since Case I included non-cluster members, it would 
be expected that the slope of its luminosity function would parallel that of the general 
luminosity function for field stars; this it tends to do, as may be seen in Figure 10. Case 

Fig. 10.—The luminosity function for M25. Solid lines are the initial and general luminosity functions 
as indicated. The two cases represented are discussed in Section VI. 
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M25 393 

II contained only stars considered to be cluster members; therefore, the slope of the 
luminosity function derived for this case might be expected to follow that of the initial 
luminosity function. Again, Figure 10 shows that the luminosity function for Case II 
does approach the yp(Mv) function. Inclusion of the two apparent giant cluster members 
would improve the fit of the bright end of the luminosity function for Case II to Salpeter’s 
initial luminosity function. Work by Sandage (1957), Roberts (1958), and van den Bergh 
and Sher (1960) also shows that the Salpeter initial luminosity function agrees with the 
observational data for galactic clusters. 

This investigation has shown that the general field luminosity function most nearly 
fits the mixture of field stars and cluster members comprising Case I, and that the 
luminosity function represented by Case II approaches the Salpeter function \p(Mv)- 

The author wishes to acknowledge the helpful advice and encouragement from his 
adviser, Professor John B. Irwin; the new photoelectric results presented in this paper 
are based upon Irwin’s work, which was supported by the National Science Foundation. 
The photographic material described herein was obtained through the courtesy of H.M. 
Astronomer at the Royal Cape Observatory, Dr. R. H. Stoy. The author is grateful to 
Dr. Robert P. Kraft for several stimulating discussions. 
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