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RESUMEN

Se han determinado posiciones y magnitudes para 537 estrellas en el area del
cimulo abierto NGC 129. Combinando estas posiciones con datos de otras tres
fuentes, se hallaron movimientos propios para 86 estrellas.

ABSTRACT

Positions and magnitudes were derived for 537 stars in the area of the open
cluster NGC 129. Combining these positions with data from the three other sources,
proper motions could be derived for 86 stars.

Key words: ASTROMETRY — OPEN CLUSTERS AND ASSOCIA-
TIONS -INDIVIDUAL (NGC 129)

1. INTRODUCTION

Accurate proper motions for galactic clusters may
serve a number of purposes. First of all they permit
the derivation of probabilities of cluster membership.
In this process allowance has to be made for the ac-
curacy of the proper motion data. With data of very
high accuracy internal motions in the tangential di-
rection can be detected. Among other things such in-
formation can lead to a distance estimate (see for ex-
ample Cudworth 1979). For very few clusters proper
motions of the required accuracy are known. For
this reason a cluster position program was started at
CIDA, using the 65-cm Refractor with a focal length
of 10.5 meters and a field of 0.8 x 0.8 degrees on
16 x 16 cm plates. The principal purpose of this pro-
gram is to contribute to the study of the distribution
and kinematics of open clusters within the Galaxy.
In this program only such clusters were included for
which one or several old epoch data were available
in the literature. One of these clusters is NGC 129.
In this particular case another recent epoch is also
avalaible. Thus the accuracy of its proper motions
can be greatly improved. The area is also of inter-

est because it contains the Cepheid variable DL Cas.
In this paper we communicate the data obtained for
this cluster.

2. THE OBSERVATIONS

A series of plates of NGC 129 was taken dur-
ing September and October of 1981. All exposures
are of 15 minutes on Kodak 103aG plates with a
Schott OG 512 filter. Most of the plates contain
two exposures, with the plate reversed within the
plate holder between exposures. Of this series, four
plates with a total of eight exposures, were selected
for measurement. This activity was carried out 1/ith
a Zeiss PSK2 Stereo-comparator in its stereo version,
thus two plates were measured simultaneously. In all
cases, the positions of all images available on both
plates were obtained.

3. REDUCTION

For the reduction of the measured coordinates the
block adjustment method developed by Stock (1981)
was employed. Unpublished positions and proper
motions, kindly made available by deVegt, were used
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POSITIONS AND PROPER MOTIONS IN THE AREA OF NGC 129 91
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Fig. 1. Position residuals of the data given by De Vegt with respect to our final catalog.

as reference system. The epoch of these positions
is 1977.11. Proper motions were derived by deVegt
(1983), using the positions derived from the respec-
tive coordinates of the Astrographic Catalogue with
a mean epoch of 1906.28. The final coordinates de-
rived from our plates are listed in Table 1, together
with their respective mean errors. The description
is as follows: col. (1) running number; cols. (2)
and (3), R.A. and declination equinox 1950.0, epoch
1981.70; col. (4) average visual magnitude; col. (5)
mean error in R.A. in units of 0.0001 seconds of time;
col. (6) mean error in declination, in units of 0.001
seconds of arcs; col. (7) number of measured images.

4. RECOVERY OF OTHER EPOCHS

The epoch of the positions given by deVegt is too
close to our epoch to permit the derivation of proper
motions. However, from the positions and proper
motions given by deVegt the positions of his first
epoch, namely that of the plates of the Astrographic
Catalogue, could readily be recovered. In this form
we obtained two additional epochs for a total of 65
stars and positions only (1977.11) for an additional
15 stars.

Another source of positions is a paper published
by Lenham & Franz in 1961. It gives rectangular
coordinates X and Y as well as proper motions for
the equinox and epoch 1950.0 for 70 stars. These
data were derived from two plate pairs taken with the
Yerkes refractor, one with the mean epoch 1916.78,
the other with the mean epoch 1958.84. With the
above data, rectangular coordinates could then be
derived for the two mentioned epochs. These were
then reduced with the same method that was applied

to our plates, using again the data by deVegt as ref-
erence system. A study of the residuals with arrow
diagrams made it clear that there was no need to in-
clude second order or magnitude dependent terms in
the reductions. An example of such arrow diagrams
is shown in Figure 1.

For 14 of the stars measured by us, positions and
proper motions are found in the AGK3 catalogue.
From it, two additional epochs, namely 1929.81 and
1956.84, could be recovered for these stars.

The entire set of epochs is listed in Table 2.

5. THE PROPER MOTIONS

Proper motions could be calculated for every star
with more than one position. An improved position
for the epoch 1981.70 could be calculated also, for

TABLE 2

COMPLETE SET OF EPOCHS

Source Epoch Weight
Astrographic Catalogue 1906.28 1.0
Lenham & Franz, 1st epoch  1916.78 1.0
AGK2 1929.81 0.3
AGK3 1956.84 0.3
Lenham & Franz, 2nd epoch 1958.84 0.7
deVegt 1977.11 1.0
this paper 1981.70 - 1.0

© Universidad Nacional Auténoma de México ¢ Provided by the NASA Astrophysics Data System
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all stars with more than two positions. In a first
approach average residuals were derived for each of
the seven sources. From these, weights were derived
for each of the sources, and subsequently new posi-
tions and proper motions were derived applying these
weights. The latter are listed in Table 2.

In Table 3, we present the final positions. The de-
scription is as follows: col. (1) number; col. (2) R.A.
equinox 1950.0, epoch 1981.70; col. (3) rms error in
R.A. in seconds of time; col. (4) declination equinox
1950.0, epoch 1981.70; col. (5) rms error in declina-

tion in seconds of arc; cols. (6)—(7) proper motion in
R.A. and respective rms error in units of 0.001 sec-
onds of arc per year; cols. (8)—(9): proper motion in
declination and respective rms error in units of 0.001
seconds of arc per year; col. (10) total weight; col. -
(11) number of epochs that had contributed to the
final positions.

Figure 2 shows the point diagram of the proper
motions with their respective error bars in mas y !
in both coordinates. The diagram is restricted to
the range + 22 mas y~! in right ascension and

TABLE 3

POSITIONS AND PROPER MOTIONS

masy - masy ~masy - masy

Lo TIMSiy s rmsps  Total No. of
-1 1 ! ! weight Epochs

©® @ @ (100 (1)

o rmso 6 rmsé

No. h m s s o ! " "
(1) (2) (3) (4) (5)
9 0 2414.7825 0.0021 60 07 32.566 0.094
24 0 24239170 0.0154 60 23 25.679 0.037
59 0 24 57.2072 0.0048 59 45 08.007 0.128
69 0 2506.2321 0.0076 60 16 54.762 0.148
70 0 2507.0582 0.0009 60 20 55.904 0.063
92 0 25254042 0.0085 59 53 07.262 0.081
94 0 25 28.8554 0.0088 59 59 52.134 0.089
106 0 2541.3262 0.0063 60 11 19.363 0.022
108 0 25 42.1538 0.0039 60 03 28.233 0.046
111 0 25 43.2999 0.0057 59 58 30.654 0.037
115 0 25 50.8660 0.0039 60 03 58.840 0.001
123 0 25 55.8404 0.0096 60 19 48.029 0.041
128 0 26 01.4494 0.0019 60 07 16.303 0.023
131 0 26 03.0789 0.0080 60 11 01.492 0.040
141 0 26 09.8616 0.0031 60 05 03.528 0.008
142 0 26 10.2556 0.0053 59 55 33.660 0.071
151 0 26 14.5400 0.0019 60 08 49.775 0.029
153 0 26 14.9827 0.0029 60 04 03.551 0.029
159 0 26 16.6150 0.0039 60 09 55.373 0.101
169 0 26 24.7266 0.0050 59 55 37.601 0.097
178 0 26 30.6880 0.0049 60 15 46.505 0.045
180 0 26 30.7844 0.0026 60 08 30.717 0.013
190 0 26 33.9803 0.0071 59 52 14.368 0.023
195 0 26 36.5399 0.0067 60 02 29.143 0.030
205 0 26 41.8742 0.0052 60 07 45.952 0.028
210 0 26 44.9590 0.0039 60 04 18.252 0.042
211 0 26 45.1405 0.0029 60 04 00.595 0.010
212 0 26 46.0358 0.0007 59 57 06.813 - 0.004
214 0 26 47.4335 0.0058 60 01 43.638 0.013
215 0 26 47.5464 0.0054 60 08 12.860 0.054
224 0 26 49.8706 0.0064 59 52 05.998 0.042
229 0 26 53.6505 0.0144 59 59 30.321 0.117
243 0 27 00.2265 0.0056 60 13 09.155 0.063
248 0 27 01.7073 0.0040 59 58 10.079 0.127
249 0 27 01.7659 0.0041 59 55 42.024 0.006
252 0 27 02.6197 0.0042 60 01 16.202 0.019

256 0 27 04.3390 59 57 00.430

151.3 0.6 117.4 3.8 1.6 3
117 4.6 0.8 1.5 1.6 3
=72 15 —8.5 5.1 1.6 3
70 23 0.4 5.9 1.6 3
05 0.3 1.6 2.5 1.6 3
—-01 1.4 4.0 1.7 4.7 5
40 1.6 2.3 21 2.7 3
-59 1.0 7.8 0.5 4.7 5
1.0 038 3.2 1.3 3.7 4
-1.0 0.9 4.5 0.8 4.7 5
-93 07 4.8 0.0 2.7 3
-13.3 28 —163 1.6 1.6 3
-25 03 5.3 0.5 4.7 5
1.7 1.7 5.6 11 3.7 4
-0.1 0.5 7.3 0.2 4.7 5
-3.1 038 2.3 1.5 4.7 5
43 03 6.2 0.7 2.7 3
-39 05 5.6 0.6 4.7 5
-93 0.7 —-2.2 2.5 2.7 3
-22 09 -7.3 24 2.7 3
-2.7 0.8 8.8 1.0 4.7 5
—-0.8 0.5 5.7 0.3 2.7 3
59.6 1.3 36.0 0.6 2.7 3
-98 1.1 7.0 0.6 4.7 5
-5.1 0.8 5.4 0.6 4.7 5
54.5 0.7 -3.1 1.0 2.7 3
58 0.5 10.4 0.2 2.7 3
-3.3 0.1 24 0.1 4.7 5
2.7 0.9 3.1 0.3 4.7 5
-1.5 09 8.3 1.2 4.7 5
-05 1.0 26 0.9 4.7 5
-1.0 26 10.3 2.8 2.7 3
-17 09 6.6 1.3 4.7 5
—44 0.7 3.5 2.9 3.0 3
—6.6 0.7 -0.5 0.1 3.0 3
-22 0.7 4.5 0.4 4.7 5
-3.3 6.5 4.7 2
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TABLE 3 (CONTINUED)

Q rmso 6 rmsé o TMSig s rmsps  Total No. of
No. h m s s o " masy~! masy !mas y ! masy! weight Epochs
1) 2) 3) “4) () () (M ® (10) (A1
260 0 27 06.1275 0.0073 59 55 55.278 0.046 —1.7 1.2 2.8 1.0 4.7 5
261 0 27 06.2475 0.0041 59 59 48.511 0.038 —-3.3 0.7 0.8 0.8 4.7 5
264 0 27 06.6310 59 53 56.570 ... 8.2 2.2 4.7 2
267 0 27 08.1271 0.0042 59 54 37.638 0.056 -3.6 0.7 1.7 1.2 4.7 5
268 0 27 08.1712 0.0056 60 04 34.992 0.015 -2.1 0.9 4.3 0.3 4.7 5
271 0 27 10.3759 0.0069 59 56 09.1563 0.045 —5.1 1.1 1.6 1.0 5.3 7
274 0 27 11.0902 0.0052 60 0111.288 (035 —9.4 0.8 2.1 0.7 4.7 5
275 0 27 11.5286 0.0024 59 52 51.439 0.038 1.5 04 -1.1 0.8 4.7 5
279 0 27 15.7046 0.0062 60 13 00.149 0.035 -2.1 1.0 8.1 0.7 4.7 5
282 0 27 17.7750 0.0052 59 52 30.240 0.0566 —2.3 0.8 0.9 1.2 5.3 7
283 0 27 18.3190 59 51 33.090 0.0 8.7 5.3 2
285 0 27 18.6710 59 51 06.620 e =230 L 32.7 5.3 2
288 0 27 19.8092 0.0030 59 5533.738 0.030 —-4.3 0.5 1.5 0.6 4.7 5
290 0 27 20.0179 0.0010 59 53 39.001 0.033 -3.5 0.2 3.2 0.8 3.0 3
293 0 27 21.2238 0.0012 59 54 33.074 0.069 -3.9 0.2 0.7 1.6 3.0 3
205 0 27 21.4692 0.0003 59 49 56.986 0.006 —-2.5 0.0 0.5 0.1 3.0 3
304 0 27 25.7993 0.0037 60 09 56.179 0.040 -—-1.8 0.6 10.1 0.8 4.7 5
307 0 27 26.8107 0.0040 59 5041.980 0.010 -0.4 0.7 4.4 0.2 3.0 3
308 0 27 26.9528 0.0032 59 51 41.905 0.021 -—-1.9 05 2.7 04 4.7 5
316 0 27 33.0595 0.0121 59 54 34.508 0.059 176.0 2.0 92.2 1.3 5.3 7
321 0 27 34.9760 59 57 06.050 =147 L 19.6 5.3 2
322 0 27 35.9680 0.0059 59 55 43.280 0.043 -2.3 1.0 2.4 0:9 4.7 5
323 0 27 36.0523 0.0037 59 53 35.542 0.022 -2.3 0.6 2.3 0.5 4.7 5
325 0 27 37.0988 0.0136 59 54 34.368 0.045 —2.7 2.3 5.0 1.0 3.0 3
327 0 27 38.9210 59 54 57.660 .. =131 —4.4 3.0 2
329 0 27 404786 0.0023 59 57 29.268 0.015 —-2.6 0.4 2.6 0.3 4.7 5
330 0 27 40.5478 0.0045 59 56 48.996 0.045 —-3.3 0.7 3.1 1.0 4.7 5
331 0 27 41.0535 0.0033 60 11 07.622 0.085 —-3.7 0.5 7.9 1.8 4.7 5
336 0 27 42.4290 59 54 17.790 o =213 . 6.5 4.7 2
343 0 27 44.8353 0.0095 60 00 53.865 0.026 26.3 1.5 0.1 0.5 4.7 5
345 0 27 46.5228 0.0067 60 02 32.996 0.022 -1.0 1.1 4.0 0.5 4.7 5
366 0 27 58.6893 0.0050 59 58 02.117 0.040 —-1.1 0.9 3.6 0.9 3.0 3
371 0 28 01.6895 0.0005 59 57 33.947 0.093 0.0 0.1 6.5 2.1 3.0 3
377 0 28 03.4722 0.0015 60 05 55.678 0.055 —27.0 0.3 —2.6 1.3 2.7 3
378 0 28 03.5364 0.0068 59 56 43.422 0.034 -—-0.2 1.1 2.8 0.7 4.7 5
381 0 28 04.7933 0.0056 59 55 37.776 0.017 —-0.2 1.0 2.9 0.4 3.0 3
383 0 28 04.9343 0.0046 60 07 27.258 0.023 —-2.7 0.7 5.6 0.5 4.7 5
393 0 28 08.8992 0.0040 59 54 49.719 0.047 -3.8 0.6 2.8 1.0 4.7 5
398 0 28 10.9580 59 55 15.250 13.1 —6.5 4.7 2
404 0 28 16.2760 0.0037 59 50 43.396 0.035 29 0.6 3.7 0.7 4.7 )
408 0 28 17.3540 59 57 43.560 1.6 .. —8.7 .. 4.7 2
418 0 28 26.4725 0.0060 60 07 21.455 0.048 —-0.2 1.0 6.8 1.0 4.7 5
425 0 28 30.7321 0.0028 59 54 21.549 0.060 —-3.6 0.5 1.7 1.3 4.7 5
433 0 28 36.4766 0.0062 59 58 46.551 0.074 35 1.0 —4.6 1.6 5.3 7
434 0 28 37.3480 59 58 35.100 13.1 .. —56.6 . 5.3 2
435 0 28 38.6215 0.0052 60 04 34.280 0.039 —-34 0.8 6.5 0.8 4.7 5
439 0 28 42.1709 0.0097 59 57 18.785 0.100 —-6.2 1.6 1.1 2.1 4.7 5
440 0 28 424957 0.0064 59 53 46.995 0.078 —5.0 1.0 3.3 1.7 5.3 7
441 0 28 44.1271 ~ 0.0101 59 47 46.416 0.044 59 1.8 1.4 1.0 3.6 5
442 0 28 44.2597 0.0041 60 14 54.439 0.049 07 0.7 4.8 1.0 4.7 5
449 0 28 49.2703  0.0059 59 58 46.331 0.049 0.1 1.0 1.8 1.1 5.3 7
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Fig. 2. Point diagram of proper motions for stars considered as probable members in this paper.

+ 15 mas y~! in declination. It becomes evident
from the diagram that the scatter around a central
value significantly exceeds the mean errors of the
data, a fact which makes it difficult to assign mem-
bership probabilities to every point in the diagram
as long as it is not clear how much of the scatter
is due to internal motions. Schmidt (1980) derived
membership probabilities for a number of stars in
the area on the basis of a photometric study in the
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Fig. 3. Point diagram of proper motions for stars consid-
ered as probable members by Schmidt.

Stromgren narrow-band system. A point diagram of
proper motions restricted to the stars wich are con-
sidered as probable members by Schmidt is shown
in Figure 3. It is obviously desirable to extend the
photometric study to more stars, and hence to more
probable cluster members in order to verify the re-
ality of the asymmetric appearance of the diagram.
Recently Turner, Forbes, & Pedredos (1992) made
a compilation of various photometric studies and de-
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Fig. 4. Point diagram of proper motions for stars consid-
ered as probable members by Turner et al.
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rived membership probabilities for a larger number
of stars. The respective point diagram is shown in
Figure 4. Radial velocities were observed by Kraft
(1958) for eleven stars in the area. Of these he con-
sidered four stars as cluster members. For these we
derived an internal dispersion of the radial velocities
of 5.0 km s~!. Using the average distance modulus
of several authors of 11.0 magnitudes, we find that
the internal motion of the cluster members in the di-
rection of right ascension corresponds to 10.9 km s~!
and in declination to 5.6 km s~!, based on members
determined by Turner et al. (1992).

6. THE MAGNITUDES

Image diameters were estimated during the mea-
suring process. These estimates were then trans-
formed into visual magnitudes, using the photomet-
ric data given by Arp, Sandage, & Stephens (1959)

for the calibration. The averaged magnitudes are in-
cluded in Table 1.
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