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ABSTRACT

For two new clusters discovered on objective-prism plates, magnitudes and colors were obtained
photographically. One, in Vulpecula, is not a main-sequence cluster The other cluster, in Perseus, con-
sists of main-sequence stars, beginning with B9. Its distance is 300 pc, and the total absorption at
4700 A is 1,5 mag.

INTRODUCTION

From the examination of spectral plates taken at the Warner and Swasey Observatory
along the galactic equator, 21 objects were found (Stock 1954) which are suspected of
being galactic clusters. Most of these objects do not show a conspicuous concentration of
stars, the presence of a cluster being indicated only by stars of similar spectral types and
apparent magnitudes. In order to make certain of their reality, photometric studies have
been undertaken. The present report deals with two such groups, one in Vulpecula and
the other in Perseus. Magnitude and color data have been obtained in order to determine
their color-magnitude diagrams. -

THE CLUSTER IN VULPECULA

The position of this cluster is R.A. = 19"33%7; Dec. = 25?1 (1950). Plates were taken
in the three spectral regions proposed by Becker (1946):

1. Eastman Kodak ITa-O + Schott GGS filter; A = 4700 A
2. Eastman Kodak 103a¢-E -+ Schott RG1 filter; A = 6400 A
3. Eastman Kodak IIg-O - Schott UG2 filter; A = 3700 A

The blue and red material was used only because no ultraviolet magnitude sequence was
available. Eight plates were obtained in each spectral region.

In an area of 60’ in diameter, 158 stars, all brighter than 13.7 mag. (4700 A), were
selected and measured with the Eichner iris-type photometer. A magnitude sequence
was established photoelectrically for the blue and the red, reaching 12.6 mag. in the blue.
The magnitudes and colors of stars fainter than 12.6 mag. are based on an extrapolation
of the calibration-curves. The photoelectric observations were carried out at the Case
Observatory. For all stars, observations on two nights and for some on three were ob-
tained. The observing procedure and the relations between the Case magnitudes and
colors and the Johnson-Morgan B—7V system are the same as described by Blanco
(1954). The equations

maro0 = V + 0.53(B—V), meso0 = V — 0.35(B—V),

which were determined empirically, transfer the magnitudes and colors to the photo-
graphic system employed in this investigation. The sequence stars are listed at the end
of the catalogue. The mean errors of the photographic magnitudes obtained for this
cluster are given in Table 1. The spectral types were estimated on two objective-prism
plates. The complete data for this cluster are given in Table 2. The identification of the
stars is shown in Figure 1.
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THE MEAN ERRORS OF MAGNITUDES AND COLORS

Vul Per Vul Per
Mazo0, 0024 0m023 C4100/6400 0037 0m033
Me4a00 0 028 024 €3700/4700 0 038
M3700 0 030
N
@43
a6 o141
131 130
134 @ 2 2e
126
. [ ] .
53 A 2r 28
"3
®140 1ne
180 [T
8?7 [ “36 ne: "o
g2 149
158
*184 o148 o138 123 gp
142 @120 o hs
144 ne
*156 148 2s o120
a? o137 ot
.
188 - oo oi33 @4
@93 78 + 66
[ Xl veo ore 60 €37 ® 30 .48
. *97 e 82
o107 e o9 vos s 6 ‘84 a8
. 9 .12 @es _ 59
. 85 s < 63
108 102 "100 .92 er s
190 (11 )
109 104 o .0 voe @ -8
* @n e %
g 88 47
. s2
o L& @0 o82 53
e98 “.. 86 s 048
96
@ 08 g s0e 7 .
. ' 36 2 @n
o @27 ne? @ .
.37 of8 ‘5.t o
Y
o )
va2 0,00
16 ®
40 e
.39
7 ‘
.38 o9 .22 e
Y o8 10"
[ S . A—
@30 o
@2 .19
34 4 20 )
c20 017

F16 1.—Identification chart for the cluster in Vulpecula
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TABLE 2*

MAGNITUDES, COLORS, AND SPECTRAL TYPES OF STARS WITHIN THE

REGION OF VULPECULA CLUSTER
No. 4700 c4700/6400 Sp. No. M4700 c4700/6400 Sp.

1. 13 37 077 .. 51 ... 13 62 097

2 12 97 0 90 .o 52 13 67 072

3 . 12 22 2 38 M2t 53 13 61 0 66

4 12 97 079 54 13 11 0 49

5 13 52 109 . 55 11 97 0 45 .
6 11 56 021 A0 56 8 63 0 00 B7
7 13 00 0 63 57 12 24 095

8 13 13 0 84 58 12 96 0 39

9 12 90 0 65 59 11 84 047

10 . 10 66 114 K5 60 11 38 0 45 A:
11 8 70 0 07 B8 61 . 13 32 0 52 .
12 11 22 052 .o 62 11 25 0 32 FO
13 11 10 055 63 12 80 0 65

14 13 15 162 64 13 28 0 63

15 11 33 075 65 13 42 143

16 12 89 0 52 66 13 36 152

17 11 84 0 44 67 12 05 0 47 .
18 11 70 0 40 68 9 87 021 Al:
19 . 12 76 0 62 69 9 13 012 A0
20 13 10 183 70 9 62 0 20 A3
21 12 07 2 07 71 9 62 018 A2
22 12 23 043 72 12 45 0 48 .
23 13 72 144 .. 73 12 07 0 37

24 8 68 070 F9 74 11 01 0 30

25 12 48 0 48 75 10 26 021 A4
26 13 26 0 44 . 76 13 07 0 66 .
27 . . t 77 8 19 013 A0
28 12 92 QO 67 78 13 41 0 53 .
29 10 80 047 Fo 79 11 43 0 50 G
30 9 85 0 60 F9 80 12 47 0 52 .
31 13 31 0 45 81 9 05 018 Al
32 12 46 079 . 82 11 82 0 37
33 9 66 025 A3 83 12 55 0 63
34 11 37 0 37 Fo6 84 12 48 0 66
35 11 21 047 F9 85 13 17 0 57 .
36 13 02 074 86 8 81 011 Al
37 13 07 0 55 87 11 08 0 61 .
38 12 87 076 88 13 10 0 67 ..
39 13 08 0 65 89 9 43 014 A0
40 13 07 0 62 90 10 20 0 23 Al
41 13 00 187 91 12 92 0 55 .
42 12 31 0 36 . 92 12 36 048 .
43 12 57 0 42 93 9 65 021 Al
44 13 16 0 48 94 11 39 072 .
45 11 80 0 53 95 8 68 091 G8 11I
46 13 32 0 54 96 13 24 2 86 MS 5%
47 13 35 0 67 97 11 35 0 31

48 12 61 0 91 98 12 56 0 53
49 13 55 1 47 99 12 32 0 57
50 11 62 144 100 12 10 0 48

# Values of the columns are as follows: first: current number, referring to the chart in Fig 1; second: apparent magnitude at
N = 4700 A; third: color index csr00/6400 = 4700 — Msa00; fourth: spectral type
t 3—Spectrum from an infrared objective-prism plate
27—Close double star . .
96—Slpectrum from an infrared objective-prism plate

The following stars have been observed photoelectrically: 42, 43, 46, 48, 52, 59, 60, 79, 82, 83, 85, 86, 88, 89, 90, 117, 121,
127, 184, 185
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TABLE 2—Continued

No. Ma700 €4700/6400 Sp. No M4700 €4700/6400 Sp.
101 13 18 071 130 12 46 0 56
102 12 52 053 131 12 92 173
103 12 98 0 51 132 13 46 143
104 13 28 195 133 11 83 0 58 .
105 . 12 31 1 56 134 10 70 0 32 Al
106 12 20 0 43 135 8 49 0 10 ACQ
107 11 53 0 43 . 136 13 11 0 69
108 8 60 0 23 A2 137 11 88 041
109 13 25 0 58 138 12 10 0 68
110 . 11 87 072 139 11 05 0 26 A4
111 13 19 074 140 11 82 0 77
112 13 45 0 88 141 12 77 0 57
113 13 24 074 . 142 12 92 0 46 .
114 8 07 161 KSV 143 11 29 0 41 G3:
115 13 22 091 144 13 29 0 82
116 . 13 22 0 69 145 11 30 0 23
117 12 63 0 86 146 12 40 0 43
118 13 47 0 59 147 13:53 0 68
119 13 71 1351 148 13 52 0 64
120 11 45 0 43 F3 149 879 0 32 A3
121 13 32 0 46 150 12 18 197
122 13 02 0 64 151 13 34 204
123 13 10 0 39 152 12 06 0 69
124 13 56 0 61 153 12 76 176
125 12 66 0 63 154 13 15 1 62
126 12 57 0 43 155 12 10 0 54
127 13 40 0 66 156 12 27 0 64
128 12 29 0 50 157 12 94 0 64
129 10 32 0 22 A4 158 12 72 0 59

000 050 100 150 C47°°/saoo
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F16. 2—Color-magnitude diagram of the cluster in Vulpecula. The limit of the photoelectric sequence
is indicated by the dashed line. The line (m e.) in the lower left of the diagram represents the mean
errors of magnitudes and colors.
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The color-magnitude diagram for all stars measured is shown in Figure 2. The limit of
the photoelectric sequence and the mean errors of the colors and magnitudes are indi-
cated. Most of the brighter stars follow a well-defined sequence. Part of the scattering
can be attributed to the accidental errors of the data. The sequence formed by the
brighter stars continues to the limit of the survey with increasing scatter, probably due
to the increasing number of field stars. The slope of the sequence in the color-magnitude
diagram is steeper than would be expected for main-sequence stars, thus indicating higher
luminosity for the brighter stars. The cluster shows only little reddening. Its distance
cannot be determined, since the cluster stars cannot be assumed to have the luminosity
of main-sequence stars.

JURGEN STOCK

THE CLUSTER IN PERSEUS

The center of this cluster is at R.A., 221123; Dec., 5920 (1950). On blue spectral plates
this cluster shows a rather conspicuous group of early A-type stars. It is located about
2° north of the Perseus double cluster. Six plates were taken in each of the three spectral
regions mentioned in the previous section. On all plates 209 stars in an area of 60’ in
diameter were measured. The limit in magnitude is 13.0 (4700 A). A sequence in the
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F16. 3.—Identification chart for the cluster in Perseus
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TABLE 3*

MAGNITUDES, COLORS, AND SPECTRAL TYPES OF STARS WITHIN THE
REGION OF PERSEUS CLUSTER

Mem- Mem-
No. M4a700 | €4700/6400| C3700/4700 Sp. ber- No. mat00 | Ca700/6400| €3700/4700 Sp. ber-
ship ship
1...012.4112 49 n 51 12 40 | 1 05| 40 48
2....012.4 | ... . . . t 52 11 60 | 1 04 | 40 45 .
3..01009 (191} 4277 | M0 n 53 12 61 | 076 | 40 36 n
4. .]1181]080 | 40 33 54 12 47 { 093 | 40 54 .
5..|1183]087] —020 n 55 11 68 | 0 77 | 40 35
6.. .[11.99 | 0 80 | 40 34 56 12 58 | 1 06 | +0 83
7....01283 1085 40.48 n 57 1299 | 0 97 | 40 66
8. ..012.62 092 | 40 01 n 58 12 17 | 0.99 | 40 51
9....01 1217 1 0 87 | 40 37 59 1291 {096 | 4+0 34
10....] 1300 | 0 87 | 40 84 n 60 12 66 | 0 82 | +0 74 n
11....1 12 87 | 0 87 | 40 54 n 61 10 89 1 1 63 | +1 42 .. n
12....] 8.80 124 | +1.19 | G41» n 62 9511063 4022 A0
13....] 11.31 | 0 68 | 40 39 . 63 9031085| —046| OB n
14...110.13 1091 | —0 14 | OB nt 64 1287108 | 4082 .. .
15 ..[ 1235092 | 40 44 65 12 44 1 1 56 | +1 23 .. n
16....] 11.58 | 0 54 | 40 24 n 66 . | 10351054 | 4+0 40| A3
17....0 12,39 | 0 84 | 40 42 . . 67 . 1276 {073 | 4071 | ... n
18.. .1 10.62 | 0 61 | 40 53 | Al . 68 1069|074 | +0 56 | B8 .
19....] 10 96:| 0 89:| +0 54: . t 69 1098 | 0 61 | 40 47 | AO
20....] 11.39:] 0 81:| 40 66: . t 70 1169086 | +0 52| ..
21... 11087062 | +0 54 | Al 71 1246 | 0 86 | 40 70
22 .. 12931073 | 4107 . n 72 12271095 | +0.46
23....110 54 | 0 46 | +0 45 | A2 73 1266 | 119 | 40 72
24....011.13 1073 | 4061 | BY 74 11 89 1089 | 40 44
25... 11175 11.01 | 4044 | . 75 . 11261 (08| ..
26...11294 1078 40 92 . n 76 12 34 {1 15| 40 66 .
27 ... 998|118 | 4119 | G3 n 77 9271060 +0 38| B8
28 ...| 980|056 | +049 | A0 78 1220 {083 | 40 50
29....1 1244 (094 | 40 60 79 12 48 | 2 27 . . n
30 ... 12 64 | 0.98 | 40 68 80 10 62 | 0 69 | +0 57 | B9
31....112.92 1 0 69 | 40 23 . n 81 1273 1097 | +1 06 n
32....110.35|1065| 40 70 | A0 82 11 20 1 0 82 | +0 60 .
33... 11247 (082 | 4037 | . . n 83 1223 | 101 | +0 42 .
34...11007 | 061 | +0 71 | B9 84 938|064 | 4043 AO
35....11293 1116 | 40 98 . n 85 1243 1094 ) 40 11 . n
36....012.13 | 086 | 40 74 86 965|064 | +042 | B8
37 .. 12.80]1 14 . 87 10 46 {0 74 | +0 63 | A1l
38....112.89 | 0 90 | 40 30 n 88 996|147 | +1 50 | K3 n
39 ...111.22 1077|4071 89 1200 | 1 04 | 40 01 n
40 ..[ 1285|088 | 40 32 n 90 1248 1116 | +0 15 n
41, 1193 ({075 4060 | . 91 1272 {101 ] 4076
42. . 110731078 | 4067 | FS n 92 1267 | 1 19 | 4+1 09 n
43 . | 1133|064 | 40 51 93 902|044 +029 | A6
4. .1120 1076 | —0 07 n 94 940|057 | 4043 | B9
45 . 11294 1085] 40 78 . n 95 10 14 { 0 60 | +0 55 | A2
46 ...| 995|053 4028 | B9 96 9321068 | 40 39 | A0
47..../12 54| 118 | 40 93 . n 97 11 31 1 0 75 | 40 62 .
48.. | 1248|095 40 54 98 1129 1099 +0 78 | B8 n
49 .. |11 65|087| —0 18 n 99 10 85| 142 | +1 46 n
50. .| 12741072 40 37 n 100 12 37 | 1 10 | 40 98 n

* Values for the columns are as follows: first: current number, referring to the chart in Fig 3; second: apparent magnitude at
= 4700 A; third: color index cs700/6100 = Maz00 — Msano; fourth: color index caro0,4700 = M3700 — Mmazeo; Hfth: spectral type;

sixth: stars not belonging to the cluster are indicated by the letter “n ”’

t 2—Close double star.

14—Also classifigd as OB by G. Gonzalez and G Gonzalez (1954).

19—Forms a double star with No 20 The images probably interfere somewhat.

20—See note for No 19,
110—Close double star.
116—Spectrum by G. Gonzalez and G Gonzalez (1954).
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TABLE 3—Continued

Mem- Mem-
No. mat00  |car00/6400| C3700/4700 Sp. ber- No. mar00 | cat00/6400] €3700/4700 Sp. ber-
ship ship
101 12 26 [ 0 88 | 40 59 . 156 12 64| 098 | 4+0 61 ..
102 . 9501052 +4+0350| A0 157 1061081 | 4+0 52| B9
103 12 36 | 0 99 | 40 83 158 9151060 | —0 02 F4 n
104 12 38 [ 1 23 { +0 34 159 1213 {104 | 40 64 .
105 1195|107 41.10 n 160 10 14 | 0 87 | 4+0 67 | B9 n
106 12 88 [ 1 12 | 40 54 . 161 1226|100 —0 05 n
107 998 (097 | 41 33| G3II1: n 162 1193|117 | 4+0 90 .. n
108 1067|076 | 4+0 74| A3 . 163 1094 | 0.75 | 4+0 52 | A1l
109 1011} 0.65| +0 70 | A1l . 164 1083 |121] +0 81 B6 n
110 .. .. .. t 165 11 49 | 0 88 | +0 57 .
111 1062060 | 4+0 56| AS 166 12 63 1 099 | 4+0 27 . n
112 11 19| 0 62 | +0 64 . 167 1095|091 | +0 60 | A2: .
113 1096 | 0 66 | +0 53 | A3 . 168 12 83 ] 2 29 . .. n
114 12 55| 0 87 | +0 62 169 1060078 | 40 56 | A2:
115 11 17 1 0 67 | 4+0 54 170 1218 {096 | +0 70 ..
116 1118|1094 | —0 07 | OB ntf || 171 10581 0 75| 40 48 | AO:
117 9.37 1048 | 40 42 | B9 172 1202 1.02 | 40 63 ...
118 12 50 | 0 57 | 40 69 n 173 12001095} 40 18 . n
119 10 7210 73 | 40 60 . 174 10 38 1 0.71 { 40 50 | B9: .
120 11 31 {085 | 4+0 77 175 1006 {076 +0 53 | Al
121 11 161 094 | 40 09 n 176 1185|096 | 40 57 .
122 1292|085 4+0 75 n 177 1172|108 | —0 06 o n
123 1102|065 | +0 52 . 178 12 37| 103 | 4+0 64 .
124 9291047 | 40 35| A0 179 1236|104 | 40 77
125 . | 12 48 | 0 80 | 40 60 n 180 12671099 | 40 46
126 119810 83| +0 48 181 12 99 1 1.29 e
127 12 62 | 2 31 .. n 182 11 36 | 0 89 | +0 50 ..
128 12 67 | 0 83 | +0 58 . n 183 9.7310.73 | 40 44 | AO .
129 984|047} +049 | A0 184 11 86 1 0.94 | +0 62 . .
130 10 48 1 0 55| 40 56 | AO: . 185 . 1015069 | +0.50 | AOQ .
131 12.53 10 73 | 40 03 n 186 12 28 12.19¢( ... .. .. n
132 12421076 | +0 78 n 187 12 17 1 1.08 | +1 10 n
133 . 9721035 +042| B9 188 1061 0.78 | +0 50 | A2
134 908|040 | +0 40| AO 189 1096 | 0 84 | 40 63 o,
135 11 38|10 81| 40 51 190 98 |077]| +0 58| A3
136 1220102 +0 36 191 11 26 | 0 85 | 40 67 -
137 12721091 | 40 39 192 1291 {105 40 91 n
138 1254081 | —0 06 . n 193 1160081 +0 69
139 1068 | 0 62| +0 39| AO 194 1296 {101 | 40 54
140 124711 10| 40.76 . . 195 1290|1099 | 4+0 32
141 11771140 ] 40 01 n 196 ../ 1240100} 40 74 ..
142 12 48 | 1 58 | +1.45 . n 197 .]1096|081 | +4+068| AO .
143 10 86 | 0 69 | +0 43 | A0 198 1006|095 | —-0 14 | OB n
144 1209|097 | 40 44 199 1084|073 +059 | A0
145. 11 14| 0 81 | 40 49 200 1250|110 | 40 61 . .
146 1203|111 | 40 49 201 12951 2 17 .. n
147 11911090 | 40 48 202 1255096 | +0 32 .
148 12 20| 2 10 . n 203 .. 11281 {104 | 40 77
149 (1102|167 +1 65 n 204 1146 | 1 15| —0 11 n
150 12 88 (1 02| 40 19 n 205 . 1065077 | +0 67 AS:
151 1259|122 40 72 206 1218 (1 01 | 40 60 .
152. 11391095 40 51 207 . 1166|091 | —0 06 n
153 11 17 | 0 78 | 40 46 208 .. | 11 34| 0 81 | 40.15 n
154. 1201 1.05} 40 44 209 ..[ 1198 | 0 87| 40 69
155.. 11 88| 0 93 | 40 47
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Perseus double cluster, which was present on the plates, was included in the measuring
program. The magnitudes for the sequence were taken from Becker’s paper (1950). The
red and ultraviolet magnitudes were corrected to obtain colors with the international
zero point. The mean errors of the final data are given in Table 1. Systematic errors in the
colors and magnitudes may be present because of field errors affecting the transfer from
the h and x Per clusters to the new cluster area. No provisions were made to determine
field errors, as all the stars measured were within a region of 30’ in radius. Spectral types
for the brighter stars in the area were estimated on one objective-prism plate. The com-
plete data for this cluster are given in Table 3. The numbers refer to Figure 3.

The two color-magnitude diagrams for the new cluster in Perseus, which are shown in
Figure 4, exhibit a normal main sequence, but with considerable scatter. The scatter
exceeds the mean errors by so much that it must be considered to be real. It is possibly
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F16. 4—Color-magnitude diagrams of the cluster in Perseus. Open circles are stars not belonging to

the cluster. The lines (m. e.) in the lower left of both diagrams represent the mean errors of magnitudes
and colors. For the dashed curves see text.
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266 JURGEN STOCK

produced by irregular absorption covering the cluster. This was already concluded from
the spectral plate, where stars of the same spectral type were found over a range of several
magnitudes. Because of the scattering, it is not possible to establish cluster membership
for individual stars. Those definitely not belonging to the main sequence of the cluster
may, however, be segregated. Stars which fall outside the dashed curves in one or both
diagrams are considered not to be cluster members. They were plotted as open circles
and indicated by the letter “n”’ in the last column of Table 3.

The distance of this main-sequence cluster may be estimated from the color-magni-
tude diagrams, even if some systematic errors in the photometric data are present. With
the color excesses Er00/6400 = 0.52 mag. and Esrgo/4700 = 0.38 mag., and a ratio of ab-
sorption to combined color excesses of 1.63, as given by Becker and Stock (1954), a total
absorption at 4700 A of 1.5 mag. is found. Comparison of the lower diagram in Figure 4
with Figure 25 of Becker and Stock (1954) yields a distance modulus of m — M = 7.5
mag., where the correction for absorption has been taken into account. It is of interest
to note that the absorption found for this cluster is identical with that determined for the
Perseus double cluster (Becker 1950). The diameter of the cluster comes out to be 7 pc,
if its apparent diameter is assumed to be 80’. The area investigated covers a diameter of
only 60’; however, some more A-type stars may be found outside this area.

Attention may be called to the OB stars found in the area. Spectra are available for
four such stars. The following stars of Table 3 are also suspected to be of class OB on the
basis of their colors: 5, 8, 44, 49, 85, 89, 121, 138, 141, 161, 177, 204, 207.
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