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Abstract. A compilation of proper motion studies of stars in and around 
open clusters is presented. It can serve as a reference to cluster 
member selections, studies of cluster dynamics or as a guide to further 
improvement of the data presently available. The present paper is only 
a preliminary version; it is hoped for that reactions from the 
astronomical community will lead to a more complete and correct study in 
the near future. 

Introduction. Compilations of data on open clusters have been made by 
Alter and Ruprecht, who still collect all references relevant to the 
research on open clusters, associations and globular clusters. For a 
general reference this is the most complete set of publications. Also 
in the present paper extensive use has been made of these compilations. 
Lynga (IAU Symp.85, 123) keeps an up to date record of the 
characteristic properties of open clusters, such as their size, content, 
age, distanc etc. Mermilliod prepared compilations of photometric and 
radial velocity data on open clusters (ref 171, 172 and IAU Symp.85, 
129). Some of these studies are available at the CDS in Strasbourg. At 
least four other studies also provide many references to different open 
clusters: a paper by Van Schewick on absolute proper motions of 61 open 
clusters (ref 169), a paper by Janes and Adler on open clusters and the 
galactic distance scale (ref 125), a paper by Nicolet on distances of 
open clusters (ref 013) and a paper by Harris on colour magnitude 
diagrams of star clusters (ref 124). Each of these papers refers to 
earlier important reviews. Vasilevskis presented in 1962 an excelent 
review paper on proper motion studies of open clusters (ref 082). It 
describes extensively the why and how of this type of work. In his 
paper Vasilevskis counted some 90 individual studies. At present, 22 
years later, this number has doubled. At least 81 clusters have now 
been investigated, and some of these several times. Improvements can 
still be obtained for most of the presented work, either by employing 
more of the photographic material available over the world, or by 
improving the measuring and reduction techniques. The present study 
also includes references to some of the old proper motion studies, not 
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only to do them justice, but also to show todays astronomers where they 
might find old plate material. This is, however, no historically 
complete compilation: the earliest references to studies of the 
Pleiades, the Hyades and probably some other clusters, have been 
omitted. Van Leeuwen (ref 377) and Van Bueren (ref 152) give reviews of 
the historical work on the Pleiades and the Hyades respectively. 

The present paper is a compilation concentrating mainly on proper 
motion studies of stars in and around open clusters. Proper motions are 
the strongest selection criterion for cluster stars available. They do 
not depend on any other astrophysical assumption then the coincidence of 
the velocities of cluster members. (Apart from a time basis shorter 
than 5 years, when a possible disturbance due to orbital motions may 
influence the results.) This compilation will provide references to the 
selection of cluster members, which is the first step into the study of 
cluster dynamics: membership selection is needed to derive density 
profiles, which are reflections of the energy and angular momentum 
distribution in the cluster. In very few cases the proper motions are 
accurate enough to study the internal velocity dispersion in the 
cluster, providing additional data on the dynamics of the clusters 
involved. 

The paper has been organized as follows. The first section gives a 
short review of how proper motions are derived and what this means to 
their interpretation. Some attention will be paid to intercomparing 
different studies and to deriving internal proper motion and velocity 
dispersions. In order to faciliate the use of the major review-table 
(II), we present in section two brief reviews of the most important 
centres of open cluster proper motion studies. The reference Table II , 
presented in section three, shows the characteristics of each individual 
study on proper motions in an open cluster. Table IV presents a listing 
of the literature which has been consulted. 

The time given to prepare the present study has been short. It is 
therefore likely that it will not be complete and will contain a number 
of errors. A study like this should in addition contain references to 
work in progress. However, in this respect only a very limited picture 
could be obtained. My intention is, to publish this compilation once 
more in the supplements of one of the main journals. Hopefully then it 
will be more complete. That presentation could possibly also include 
some references to the vast amount of useful plate material scattered 
all over the world. The communication of any corrections and/or 
additions to the current version would be most appreciated. 

Proper motions. The present paper will deal primarily with proper 
motions derived from comparing positions on photographic plates. Some 
studies do, however, also include meridian data and/or triangularization 
in the focal plane by means of micrometers or heliometers. However, 
most of these, older, studies ceased to be of value. Photographic 
proper motions in open clusters have been obtained with a multitude of 
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instruments: initially with refractors only, but more recently also 
with different types of reflectors. A still very important contribution 
was made during the end of the 19th century and the first decades of the 
20th century, using the Astrographs, of which many were build for the 
first sky surveys, the Astrographic Catalogue and the Carte du Ciel. 
Often these astrographs are refered to as Double Astrographs for having 
two tubes, one with a visually and the other with a photographically 
corrected objective. Their field size of 2.5 by 2.5 degrees and scale 
of 60!l/mm make them still useful for the research of the nearby 
clusters. The second generation, with scales of 40" and 30" per mm 
(such as the Leiden, Bonn, Greenwich, Moscow and Zo-Se refractors) 
provide useful plate material on intermediate distance clusters. The 
range of large US telescopes with scales from 15" to 8" per mm has been 
used extensively, in particularly for the more distant clusters, that 
require a higher resolving power. Most of the instruments for which 
good plate files exist are still in working order, allowing one to take 
second epoch exposures with the same equipment as up to almost 100 years 
ago. Table I presents data on the telescopes that were found to be used 
in proper motion studies of stars in and around open clusters. The 
first part identifies the Astrographic Catalogue telescopes and the 
second part all others. 

Proper motions are derived by means of comparing positions recorded 
on photographic plates at different epochs. In the past this has been 
done by means of plate pairs. A second epoch exposure was taken through 
the glass at the same hour angle and (almost) the same time of the year. 
The two exposures were superimposed and measured for differences in 
positions of the stars. The accuracies of the manual measurements vary 
from 1.5 to possibly 4 micron. More recent methods simply measure 
positions on the plates in a relative coordinate system of either a 
manual or automatic measuring machine. This method allows one to use 
plates taken at different hour angles and to combine plates at varies 
epochs. In particularly the automatic measuring machines brought a 
significant improvement in the measuring accuracy, to a repeatability of 
better than 0.8 micron. This means that the intrinsic positional noise 
on a photographic plate (roughly 0.8 to 1.8 micron) is no longer much 
increased by a measuring noise. The improved accuracy and availability 
of computers provide 2 to 4 times more accurate results. The 
contribution from the computer is mainly in the complexity of the 
mathematical model and the number of reference stars that can be used. 

The reduction of positions to proper motions and the combination of 
different sets of proper motions involve transformations that inevitably 
remove some of the information contained in them. These transformations 
are needed in order to remove external influences on the positions of 
stars on a photographic plate. A linear transformation, which will 
always be needed, removes all the linear proper motion information from 
the stars used as reference points and defines by means of these stars a 
reference system for all the proper motions in the field. It is 
therefore virtually impossible to derive from such relative proper 
motions a linear rotation around the line of sight or a linear 
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contraction/expansion in the plane of projection. This also means that 
by using different sets of reference stars the results of different 
studies of the same object will be different. They can only be compared 
in detail after applying a transformation that brings one system in 
accordance with the other. 

The least squares solution used in the transformation of positions 
do not use the measuring errors as residuals, but instead the actual 
proper motions. Only in an iterative process or simultaneous plate-star 
solution this can be avoided (see e.g. papers by H.Eichhorn such as his 
study on the Pleiades, Mem.Roy.Aston.Soc., 73^ part 2, 125). 
Nevertheless, the selection of stars used to perform the transformation 
or to constrain the all-in solution define a non-ideal reference system, 
which contains relative to an absolute system remnants of linear 
rotation and expansion, and has an arbitrary zero point. The linear 
deviations will be smaller when the intrinsic proper motion dispersion 
of the reference stars is smaller. In the study of open clusters the 
cluster stars themselves can provide such a very low intrinsic 
dispersion reference frame. It is therefore advisable always to use a 
selection of cluster stars as final reference points in the definition 
of the proper motion system. 

The same type of complications disturb the picture of the internal 
proper motion dispersions. Here the level of the dispersions is less 
than O'JOOI/annum, with only a few stars to define the reference system. 
Values derived for internal proper motion dispersions are therefore 
sensitive to the actual definition of the proper motion system. In 
order to derive the information about the internal velocity dispersion, 
one needs in addition to correct for the influences of the parallactic 
motions using the space density distribution. In comparing results 
obtained by different authors it is therefore best to use the initial 
proper motions rather than the interpretated results, which are unlikely 
to be unique. 

Still one other type of proper motion determination has been in 
use. In order to study the proper motions of members of the very nearby 
Hyades and Coma Berenice clusters, the use of many plates covering a 
large area of the sky is needed. These plates are often reduced to star 
positions from catalogues such as the AGK2. This introduces, however, 
the systematic errors of the catalogues in the proper motion field, 
which has made it always difficult to compare different Hyades studies 
and which caused a lot of confusion about the existence of the Coma 
Berenice cluster. 

Centres of Activity. A major contribution to the proper motion studies 
of stars in and around open clusters has come from a few groups of 
astronomers. Although their definition is somewhat arbitrary, their 
brief descriptions given below may still provide some useful background 
information that would otherwise be difficult to trace back. 
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1. Bonn and Vienna. Uses mainly the Bonn refractor (40"/mm, 16x16cm 
plates) but also occasionally the AG refractors (100"/mm) of Bonn 
and Bergedorf. Studies of more than 20 open clusters were 
performed from 1953 to 1967, mainly by Van Schewick and Meurers. 
Plates have always been measured manually. First epoch plates from 
the period 1900-1920, second epoch plates taken between 1950 and 
1965. Publications in Bonn Veroffentlichungen and Wien 
Mitteilungen. 

2. Greenwich-MtWilson. Uses mainly the Greenwich 26 inch refractor 
(30Vmm 16x16 cm plates) and MtWilson 60 inch reflector (&12H/mmt 
20x20 cm plates). Studies of a number of open clusters by Van 
Maanen, Murray, Cannon and others. Plates were all manually 
measured. Publications in the Royal Observatory Bulletin, Ap.J. 
and MNRAS. 

3. Lick-Allegheny-Univ.New Mex.. Uses the astrographs of Lick (55"/mm) 
and Allegheny (14f.f7/mm). Extensive use of the Allegheny plate file 
on open clusters, initiated by Vasilevskis, and continued by 
Sanders, Jones, Cudworth, McNamara and others. Close collaboration 
with Yerkes. Most of the measurements done by automatic machine. 
Publications in A.J. and Aston.Astroph.Suppl. 

4. Moscow Sternberg. Uses mainly the wide angle astrograph (90Vmm, 
24x24 cm plates) and the double astrograph (30Vmm, 16x16cm 
plates). The first has been used for cluster halo surveys, in 
comparison with published positions in Astrographic Catalogues. 
The second is used for differential proper motions of higher 
accuracies in more distant clusters. Plates are measured manually. 
Most of the work has been performed by Arthiukhina from 1954 to 
1976. Publications in Sternberg Trudy. 

5. Pulkovo. Uses the 33 cm astrograph (60Vmm, 16x16cm plates). 
Studies of a large number of open clusters, which are still going 
on. Old epoch plates date back to around 1910 and are exposed at 
least till 14th magnitude. All measurements have been performed 
manually. The studies have been performed mainly by Bronnikova, 
Lavdovskij and Frolov. New plates are still being taken. 
Publications in Pulkovo Bulletin and -Trudy. 

6. Sydney. Uses the 33 cm Astrograph (60"/mm, 16x16 cm plates). 
Unique studies of southern open clusters. Old epoch plates from 
last decenium of 19th century, exposed till 12th to 13th magnitude. 
Most of the work has been performed by D.S.King. All measurements 
were done manually. Publications from 1977 on in Sydney 
Observatory Papers. 

7. Tashkent. Uses the 33 cm astrograph (60"/mm, 16x16 cm plates) with 
probably one of the finest plate files on open clusters in 
existence. Several deep studies (16th magn) have been performed by 
Ishmukhamedov, Latypov and Muminov. Many of the first epoch 
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exposures (taken around 1920) are on 8x8 cm plates. A study of 
NGC7654 covered five different field centres, and was performed 
from 1927 to 1954 by Subbotin and Savitskij. All measurements are 
performed manually. Publications mainly in Tashkent Circulars and 
Trudy. 

8. Yerkes. Uses the Yerkes refractor (10t!/mm) which provides on a 
short time interval good proper motions. First studies by 
Ebbighausen, later work by Van Altena and others, also in 
collaboration with Lick Observatory. Publications in A.J. 

9. Z6-S6. Uses the 40 cm Z6-Sfe refractor (30"/mm). This former Jesuit 
missionary observatory has taken up the task of measuring proper 
motions again, and presented so far some of the most extensive 
studies available. All measurements are performed manually in as 
far as I could find out. Early publications in the Annals of the 
Zo-Se observatory (in French), later publications in the annals of 
Shanghai Observatory (in Chinese with English abstracts). 

In addition significant work has been performed at a number of 
other observatories, but non of this has resulted yet in a long lasting 
and systematic research for proper motions in and around open clusters. 

The tables. The present compilation is presented in the form of 4 
tables. The first, which was presented already above, contains a review 
of telescopes that have been used. Table II presents a compilation of 
200 studies, that were at least to a great extend aiming at and 
successful in measuring proper motions of stars in and around open 
clusters. It presents for each of these studies a reference number, the 
year(-1900) in which it was presented, the cluster identification, the 
investigated field, the limiting magnitude, total number of stars, 
spread in epochs of exposures, number of plates or exposures, telescopes 
that have been used (see table I), highest accuracy of proper motions 
obtained (in arcsec/1000 years), the highest likelihood for cluster 
members and an indication on whether the study has been selective on 
members only (indicated by s). When a value is followed by ":", it 
applies only to part of the study. An asterisk is used if part of the 
data has come from existing catalogues, e.g. the indication lfihg*ft means 
that the zones i, h and g (see Table I) of the Astrographic Catalogue 
have been used for reference positions. 

References to papers presenting also some proper motion information 
are presented in Table III (underlined numbers), as well as references 
to some papers presenting discussions of the studies shown in Table II. 

In addition to the papers presented above, there are some studies 
under way. In this respect only a very limited picture can be 
presented. The following studies I know about from private 
communications: 1. J.Stauffer et al, a proper motion study of 4000 
stars in a Per, using plates from (PS, L1) to a limiting magnitude of 
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V=17. 2. Zhao Jun-liang, a study on NGC1718 has been completed and a 
study on NGC2286 is well on its way at Shanghai Observatory (Z6-Se). 3. 
B.Green (Mt.Stromlo), a proper motion study of Melotte 66, based amongst 
others on plates obtained in the Newtonian focus of the SAAO Radcliffe 
reflector. 4. F.van Leeuwen et al, proper motion studies of NGC2204, 
NGC2243 and Melotte 66. 5. B.McNamara, study of the internal motions 
of NGC6705. 6. F.van Leeuwen, study of internal motions in a 3x3degr 
field centred on the Pleiades and a survey for faint members in the 
outer halo of the Pleiades (see present volume). This list is hopefully 
far from complete, as many more proper motion studies need to be 
performed. 

References to photometry, radial velocities, distance moduli and 
other relevant data can be found in the papers mentioned in the 
introduction. Roughly half of the clusters for which proper motions 
have been obtained have also been investigated photometrically. This 
applies also to radial velocities, although here often only very few 
stars were investigated. Table TV presents the list of references, 
sorted on Journal in order to faciliate the reference to less commonly 
known journals and to keep studies with the same origin together. This 
type of presentation also allowed me to indicate the content of the 
study, the clusters investigated or whether it concerns a review or 
catalogue of interest, and the type of study. All those indicated with 
"pff are shown in Table II, the others in Table III. 

Some clusters are mentioned in Table IV, but not in Table II. Most 
of these are insignificant and fall within the field of a more obvious 
cluster. This applies to the following clusters: Tr.1: see NGC 581, 
NGC1907: see NGC1912, NGC2158: see NGC2168, Cr.401: see NGC6611, 
NGC6882: see NGC6885, NGC7790: see NGC7788. There may also be some 
confusion between the cluster NGC6530, often by mistake refered to as 
M8, and the nearby situated NGC6523, which is the true M8 and not an 
open cluster. The exact borders of this compilation were also not 
always clear. The cluster M71, NGC6838 has been refered to as an old 
open cluster as well as a globular cluster, while a Per and IC 3^8 are 
also regarded as parts of associations rather than individual open 
clusters. 
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Table I 

data on telescopes used in open cluster proper motion studies 

Cd site and telescope altitude latitude scale 
(m) (M/mm) 

a 
b 
c 
d 
e 
f 
g 
h 
i 
j 
k 
P 
q 
r 

A1 
A2 
B 
BA 
C 
Co 
CV 
G 
GA 
Go 
H 
L1 
L2 
LA 
Le 
Lo 
Lp 
M1 
M2 
MC 
P 
PS 
R 
Ru 
S 
St 

Greenwich Astrograph 
Vatican Astrograph 
Catania Astrograph 
Helsinki Astrograph 
Hyderabat Astrograph 
Potsdam Astrograph 
Oxford Astrograph 
Paris Astrograph 
Bordeaux Astrograph 
Toulouse Astrograph 
Alger Astrograph 
Perth Astrograph 
Cape Astrograph 
Sydney Astrograph 

Allegheny Thaw 
Allegheny Doublet 
Bonn Astrograph 
Bergedorf AG astrograph 
Camebridge Sheepshanks equ. 
Copenhagen Astrograph 
Cape, Victoria triplet 
Greenwich 26 inch 
Gottingen Astrograph 
Goloseevo Astrograph 
Harvard Boyden 
Lick Carnegie 
Lick 36 inch 
Lippert Astrograph 
Leiden Astrograph 
Lowell 
Leipzig 
Moscow wide angle 
Moscow Astrograph 
McCormic 26 inch 
Pulkovo Astrograph 
Palomar Schmidt 
Oxford, Radcliffe 
Rutherfurd Astrograph 
Swarthmore, Sproul 
Stockholm Astrograph 

47 
100 
47 
33 
554 
97 
64 
57 
73 
195 
345 
60 
8 
44 

370 
370 
62 
41 
28 
14 
10 
47 
161 
184 

1387 
1283 
1283 
41 
6 

2210 
119 
130 
130 
259 
75 

1706 
65 
25 
63 
44 

+51-5 
+41.9 
+37.5 
+60.2 
+ 17.4 
+52.4 
+51.8 
+48.8 
+44.8 
+43.6 
+36.8 
-32.0 
-33.9 
-33.9 

+40.5 
+40.5 
+50.7 
+53.5 
+52.2 
+55.7 
-33.9 
+51.5 
+51.5 
+50.5 
-29.0 
+37.3 
+37.3 
+52.5 
+52.1 
+52.1 
+52.3 
+55.6 
+55.6 
+38.0 
+59.8 
+33.4 
+51.8 
+40.6 
+39.9 
+59.3 

60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 

15. 
127. 
40. 
100. 
36. 
43. 
30. 
30. 
50. 
40. 
43. 
55. 
12. 
60. 
40. 

122. 
60. 
90. 
30. 
21. 
60. 
67. 
30. 
53. 
19. 
25. 
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Table I, continued 

Cd site and telescope altitude latitude scale 
(m) (»/mm) 

T 
To 
U 
W1 
W2 
Wi 
Y 
Zo 
Zu 

Tashkent Astrograph 
Cerro Tololo 1m 
Uppsala Astrograph 
MtWilson 60 inch 
MtWilson 100 inch 
Wien Astrograph 
Yerkes refractor 
Zo-Se Astrograph 
Zurich Astrograph 

479 
2399 
21 

1742 
1742 
240 
334 
100 
469 

+41.3 
-30.2 
+59.9 
+34.2 
+34.2 
+48.2 
+42.6 
+31.1 
+47.4 

60. 
20. 
47. 
8. 
16. 
60. 
11. 
30. 
60. 

Table III 

cross-references to papers not incorporated in Table II 

Hyades: 044, 048, 140, J50, J_5J_, V77, 209, 366, 373, 378; 
Orion: 033; a Per: 211, jJPI; h & X Per: 205, 223, 230, 335, 
375, 376; Pleiades: J_36, 137, 220, 358, 377.5 Praesepe: 049, 
063; NGC 129: 130, 228; NGC 457: 228; NGC 581: 228, 145; 
NGC 654: 139; NGC1513: 227; NGC1907: 230; NGC1912: 230; 
NGC1960: 227, 229; NGC2099: 227, 229, 128, 174; NGC2168: 
230, 309, 174, 378; NGC2287: H 9 ; NGC2506: J_22; NGC2682: 
308, 378; NGC6494: 014; NGC6530: 145; NGC6705: 010, 055, 
060, 229, 378; NGC6750: 227; NGC6882: 230; NGC6885: 056, 
230; NGC6910: 040, 059; NGC6913: 038, 039; NGC6940: 005; 
NGC7092: 230, 300; NGC7209: 228; NGC7654: 057, 058, 310; 
NGC7788: 06^, 233; NGC7789: 302; NGC7790: 233; IC1805: 
005; IC2391: 221; Tr.1: 145, 228; Berk.58: 062, 233; 

Notes to Table II 

1) ref 182, tel: P, a, St(87"/mm), d, r,Lick(39"/mm), f, y, A1 
and Dearborn(30"/mm) 
2) ref 135, tel: k, B, i, Co, a, Harvard, d, Le, Oxford, R, h, 
f, P, T, b 
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Table II, review of open cluster proper motion studies 

ref yr 

052 56 

178 04 
181 24 
152 52 
050 54 
191 62 
086 66 
367 66 
372 71 
009 75 
094 75 
257 75 
258 76 

317 30 
250 54 
120 58 
095 76 
141 77 

054 55 

096 80 

043 09 
354 11 
117 44 
053 55 
164 60 
241 61 
283 83 

045 19 
185 21 

204 21 
148 24 
072 38 
115 40 
118 45 
135 47 
089 70 
255 70 
023 73 
088 73 
030 79 
097 81 

cluster 

Coma B 

Hyades 
Hyades 
Hyades 
Hyades 
Hyades 
Hyades 
Hyades 
Hyades 
Hyades 
Hyades 
Hyades 
Hyades i 

Orion 
Orion 
Orion 
Orion 
Orion 

a Per 

a Per 

h & X Per 
h & X Per 
h & X Per 
h & X Per 
h & X Per 
h & X Per 
h U Per 

Pleiades 
Pleiades 

Pleiades 
Pleiades 
Pleiades 
Pleiades 
Pleiades 
Pleiades 
Pleiades 
Pleiades 
Pleiades 
Pleiades 
Pleiades 
Pleiades 

field 

5.x5.d 

7.x5.d 
7.x5.d 
30x30d 
5.x5.d 
11x14d 

6.5x6.5d 
17.7sq d 
6.5x6.5d 
30x30d 
6.5x6.5d 
3x(5x5d) 
6x(5x5d) 

100fx100f 
0.8x3.0d 
0.5x0.5d 
1.x1.d 
1.5x1.5d 

5.5x5.d 

5.x5.d 

2.x1.5d 
2.x2.d 

20fx20f 

6.x 6.d 
1.5x1.5d 
80?x80f 

1.0x1.0d 

1.5x1.5d 
6.x6.d: 

1.5x1.5d 
2.5x2.5 
1.5x1.5d 
40'x32f 
.9x.9 d 

2.5x2.5d 
1.6x1.6d 
9.x9.d 
5.x5.d 
6.5x6.5d 
1.5x1.5d 
6.5x6.5d 

range 

<14 

<9.5 
<12 
<9.0 
<13.5 
<16.5 
<18 
<15.5 
<21 
<12.5 
<18 
<13 
<13 

<15 
<14.5 
<14 
<12.5 

<12.2 

<12 

<13 
<13.5 
<16.0 

<14 
<14.6 
<17 

< 9.0 
<15:: 

8-10 
<14.5 
<9.5 
<17.8 
<15.9 
<16 
<15: 
<14 
12-18 
10-17 
<12.5 
14-18 

stars 

99 

395 
328 
152 

1359 
1000 
778 
70 

4800 
112 

>600 
3481 
6728 

705 
1058 
224 
222 
136 

1379 

1200 

17 
1418 
800 
203 
800 

2914 
1323 

70 
246 

130 
112 
51 
137 
409 

2920 
98 

4228 
* 

125 
146 
232 

ep. 

50 

5 
16 

21 
30 
14 
46: 
18 
55 
24: 
60: 
60: 

21 
54: 
52 
84 
50 

50 

25? 

12 
13 
29 
81 
43 
60 
80 

75: 
* 

22 
29 
67 
19 
25 
56: 
47: 
60: 
21 
16 
77: 
16 

tel. 

R 

exp. 

4 

d 12x2 
d 12x4 
BA,Y 

BA,BfLA 
Lo 
L1 

* 
6 
2 
2 

W1 39x2 
PS 

ghi*,Le 
L1 

ij*,M2 
hi*,M2 

Zo 
M1,T 
Y 
H,L1 
* 

cd*,BA, 
GA,LA 
PS 

P 
d.P 
W1 
BA 
B 
P 
T 

*,Lp 

2 
« 
5 
••3 
*,6 

6 
30 
19 
8 
04 

10 
4,6 
8* 

2 
16 
4 
*,8 
8 
6 
4 
ft 

hg*,*,A1, 
A2,Zu 
C 
a,d,f 
Ru 
W2 
W1 
(2 
Y,L2 

gh*,M2 
L1,PS 
L2 
Le 
L1 

••25 
10 
10 
52 
4 
10 
161 
66 
*,5 
13 
P 
88 
7 

ace 

9. 

8. 
3. 
10. 
7. 

26. 
19.0 
7.0 
20. 
6.0 
5.0 
7. 
7. 

5: 
3.8 
0.6 
0.7 

4.0 
6.0 
4.0 ' 

8.1 
0.7 
0.8 
2.0 
1.2 
2.0 

\ 
80 
4.0 
0.6 
2.0 

0.8 
0.3 
6.0 

2.-8. 
14.0 
0.2 
1.0 

ctr sel 

s 

s 
.91 s 

s 
s 

- s 
.95 s 

l.OO 

s 

s 

s 

s 
s 

s 

- s 
s 

.97 s 
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Table IT, continued 

ref yr 

179 16 
149 24 
046 25 
182 27 
110 34 
071 38 
210 39 
156 53 
254 66 
215 67 
245 71 
090 71 
099 83 

241 61 
080 61 
232 75 

092 72 

208 26 

241 61 
275 72 

cluster 

Praesepe 
Praesepe 
Praesepe 
Praesepe 
Praesepe 
Praesepe 
Praesepe 
Praesepe 
Praesepe 
Praesepe 
Praesepe 
Praesepe 
Praesepe 

NGC 129 
NGC 129 
NGC 129 

NGC 188 

NGC 225 

NGC 457 
NGC 457 

field 

2.x2.d 
2.2x2.2d 
1.5x1.5d 
2.0x2.0d 
50?x30? 

1.5x1.5d 

1.5x1.5d 
5.x5.d 

30fx50f 

1.5x1.5d 

2.5x2.d 

80!x80T 

40Tx40T 

2.5x2.5d 

50^40* 

44fx36f 

80Tx80f 

1.4x1.4d 

range 

<13.6 
<13.5 
<10 
<14. 
<10.5 
6.3-8.7 
<13.2 
<13 
<13.0 
<10.5 
<16.6 
<13 
<16.5 

<14.6 
<12.4 
<14.7 

<15.6 

<12.3 

<15. 
<14.5 

stars 

531 
173 
45 
577 
52 
37 
179 
290 
1978 
35 
784 
91 

3000 

1025 
70 
326 

228 

62 

905 
659 

ep. 

25 
29 
64: 
29: 
20 
65 
30 
29 
60: 
51 
30 
67: 
23 

50 
42 
72 

40 

22 

51 
43 

tel. 

f 
P,a,R 
*,B 
(1 
MC 
Ru 
R 
B 
h,M2 
MC 
M1 
Y,L2 
PS 

P 
Y 
P 

A1 

Y 

P 
T 

exp. 

4 
10 
*,2 
42 
20 
32 
4 
4 
1* 

25 
3 
68 
8 

6 
4 
6 

6 

2 

4 
8 

ace 

4.0 
3.5 

1.5 
0.8 
0.8 
4.0 
2.0 
5.0 
0.9 
4.0 
0.2 
2.0 

2.0 
1.1 
2.1 

1.8 

2.0 
1.7 

ctr sel 

s 

s 
.99 

s 

.97 

s 

356 79 NGC 559 2.x2.d <15.5 811 35 

241 61 
346 65 

011 77 

070 19 
362 60 
276 73 

111 39 
241 61 

051 54 
277 73 
138 75 

361 58 
274 66 

NGC 581 
NGC 581 

NGC 654 

NGC 663 
NGC 663 
NGC 663 

NGC 752 
NGC 752 

NGC1039 
NGC1039 
NGC1039 

NGC1502 
NGC1502 

80Tx80' 
80 ' x 8 0 ' 

40Tx40' 

30fx30f 

1.0x1.0d 

50,x50t 

SO'xSO1 

50Tx43f 

1.0x1.0d 

1.x1.d 
2.0x2.0d 

<14. 
<15.5 

<14.5 

<14 

<12.5 
<15. 

<10.5? 
<13.8 

<13.3 
<13.4 

1155 
1618 

186 

209 
168 

1086 

125 
883 
136 
696 
700 

146 
296 

56 
49 

55 

13 
54 
44 

21 
46 
50: 
46 
50: 

49 
40 

P 
II 

Y 

Y 
Wi 
T 

A1 
P 

d,BA 
T 
S,A1 

b,Wi 
T 

4 
8 

4 

4 
5 
6 

10 
2 

6 
4 
90: 

6 
2 

1.8 
0.5 

0.7 

2.8 
1.8 

1.1 

3.0 
2.0 
1.0 

5.0 
1.9 

.93 

240 58 NGC1513 80'x80' <14.6 664 55 
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Table II, contin 

ref yr 

093 73 
318 53 

318 53 

241 61 
330 67 

206 23 
155 24 
161 58 
240 58 
319 66 

069 16 
327 53 
240 58 
163 60 
081 62 
087 66 

207 25 
073 42 
163 60 
241 61 
091 71 

162 58 
098 82 

162 58 

083 65 

079 59 

318 53 

213 70 
001 70 

167 66 
273 66 

167 66 

cluster 

NGC1664 

NGC1750 

NGC1817 

NGC1912 
NGC1912 

NGC1960 
NGC1960 
NGC1960 
NGC1960 
NGC1960 

NGC2099 
NGC2099 
NGC2099 
NGC2099 
NGC2099 
NGC2099 

NGC2168 
NGC2168 
NGC2168 
NGC2168 
NGC2168 

NGC2244 
NGC2244 

NGC2252 

NGC2264 

NGC2281 

NGC2286 

NGC2420 
NGC2420 

NGC2422 
NGC2422 

NGC2423 

ued 

field 

50?x40f 

100!x100T 

100fx100f 

SO'xSO1 
1.5x1.5d 

1.5x1.5d 
0.5x0.5d 
80'x80f 
100fx100f 

0.5x0.5d 
1.x1.d 

80,x80l 
1.5x1.5d 
40fx40f 
20,x20t 

1.3x1.3d 
26Tx26' 
1.5x1.5d 
80fx80? 
40!x40f 

25Tx25* 
40fx40f 

6fx6f 

40'x40T 

50fx40f 

IOO'XIOO1 

2VX191 

40,x40t 

1.1x0.9 
1.4x1.4d 

1.1x0.7 

range 

<13.4 

<14 

<14 

<14.6 
<15 

<11 
<11.4 
<15 
<14.8 
<12.7 

<13.5 
<15 
<14.9 
<15.8 
? 
<14 

<14. 
<12.0 
<16 
<15.5 
<14.5 

<14.2 
<14.4 

<14.2 

<15 

<13.0 

<14 

<15 
<13.6 

<11.5 
<14.0 
<12.5 

stars 

222 

2461 

2103 

1252 
964 

170 
34 
550 
1634 
360 

292 
691 
2532 
693 
243 
489 

200 
150 
853 
2784 
763 

161 
287 

33 

245 

127 

2242 

208 
85 

138 
727 
74 

ep. 

40 

12 

27 

58 
72 

20 
20: 
36 
50: 
51 

12 
15 
59 
53 
50 
60 

21 
30: 
40 
60 
54: 

39 
60: 

39 

53:A1 

40 

18 

42 
52 

62 
42 

57 

tel. 

A1 

Zo 

Zo 

P 
h 

C 
f,B 
B 
P 
Zo 

Y 
St 
P 
B 
*,MC 
Y 

C 
Y 
B 
P 
A1,L2 

B 
Y,A1 

B 

,W1,Lo 

A1 

Zo 

W1 
Y 

B 
T 

B 

exp. 

4 

4 

4 

8 
2 

4 
*,3 
6 
4 
2 

3 
4 
2 
3 
6 
11 

6 
10 
4 
8 
5 

6 
17 

6 

18 

4 

2 

3 
4 

6 
2 

4 

F. VA 

acc 

1.3 
10: 

5: 

1.3 
1.0 

6.0 
3.0 
5.4 
2.2 

4.: 

2.3 
3.0 
1.0 

8.0 
0.9 
2.3 
1.1 
1.1 

2.0 
0.6 

2.0 

1.0 

0.9 

7: 

0.6 
0.7 

1.9 

2.: 

N LEEUWEN 

ctr sel 

.91 

.79 

.97 

.99 
s 

.91 
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Table II, continued 

591 

ref yr 

165 62 

121 81 

263 78 

201 60 

112 39 
318 53 

265 79 

180 22 
116 42 
113 42 
365 65 
368 68 
277 73 
026 77 
324 82 

cluster 

NGC2437 

NGC2506 

NGC2516 

NGC2547 

NGC2548 
NGC2548 

NGC2669 

NGC2682 
NGC2682 
NGC2682 
NGC2682 
NGC2682 
NGC2682 
NGC2682 
NGC2682 

field 

1.x1.d 

10fx10' 

2.5x2.5 

30Tx30f 

100'x100T 

2.5x2.5d 

2.0x2.0d 
20fx20f 

30fx30f 

27fx27f 

1.x1.d 
1.0x1.0d 
1.5x1.5d 

IOO'XIOO1 

range 

<12.5 

<18 

<12.0 

<11 

<12.5 
<14 

<12.5 

<14. 
12-15 
<13.0 
<16.5 
<16.5 
<14.0 
<17.0 
<15.5 

stars 

226 

724 

119 

67 

115 
2451 

226 

555 
343 
158 
487 
671 
550 
1866 
1067 

ep. 

58 

57 
84 

62 

28: 
14 

86 

27 
21 
35: 
62 
65 
44 
67: 
69 

tel. 

B 

W1,To 

r 

q 
Y 
Zo 

r 

f 
W1 
Y 
G,W1 
G 
T 
B,Y 
Zo 

exp. 

3 

3 
10 

8 
2 

28 

2 
4 
8 
4 
2 
6 
12 
8 

ace 

1,0 

0.6 

0.7 

3.0 

1.3 
10: 

0.9 

0.8 
1.2 
2.0 
2.3 
1.9 
1.0 
2.7 

ctr sel 

.95 

.99 
s 

.90 

.96 

.93 
336 30 NGC3064 24fx30T <15.1 

153 59 NGC3532 1.x1.d <11.4 
262 78 NGC3532 2.5x2.5 <12.5 

133 11 W1 2.7 

264 79 NGC4103 

267 81 NGC4755 

266 80 NGC5662 

261 77 NGC6025 

268 82 NGC6087 

350 69 NGC6475 

012 80 NGC6494 

2.5x2.5d <13.0 

2.5x2.5d <11.9 

2.5x2.5d <12.6 

2.5x2.5d <12.5 

2.5x2.5 <12 

1.5x1.5d <13.5 

40fx40f <13.5 

319 66 NGC6530 100fx100f <11.5 
008 72 NGC6530 60,x30* <13.6 
323 81 NGC6530 100?x100f 

166 62 NGC6611 
024 74 NGC6611 

1.3x1.3d <13.0 
40fx40T <13.2 

255 
647 

171 

164 

188 

132 

157 

746 

304 

160 
363 
303 

231 
142 

52 
84 

84 

88 

87 

78 

89 

75: 

34 

48 
34 
66: 

40 
47 

CV 
r 

r 

r 

r 

r 

r 

p»q 
Y 

Zo 
Y 
Zo 

B 
Y 

4 
6 

24 

10 

14 

6 

10 

8 

13 
2 
12 
6 

10 
3 

1.9 
1.3 

0.8 

0.6 

0.9 

1.5 

1.5 

0.5 
2.2 
0.6 
1.0 

2.1 
0.7 

.90 

.85 

.93 

.89 

.96 

.98 

.86 

.94 
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Table II, continued 

ref yr cluster field range stars ep. tel. exp. ace ctr sel 

078 58 NGC6633 50fx40' <13.5 207 40 A1 6 1.0 
021 73 NGC6633 40'x40f <14.0 497 33 Y 10 0.7 .93 
278 73 NGC6633 1.0x1.0d <15.5 1000 42 T 4 1.3 

280 75 NGC6694 1.0x1.0d <14.7 627 42 T 4 2.6 

157 54 NGC6705 1.5x1.5d <13.5 426: 51: B 5 1.6 
240 58 NGC6705 80'x80f <14.2 1097 53 P 2 
280 75 NGC6705 1.0x1.0d <13.6 762 68 T 8 1.2 
027 77 NGC6705 30'x30f <16.5 1890 70: Y 30 0.4 .99 

281 77 NGC6709 1.2x1.2d <14.6 1139 43 T 4 1.5 

032 83 NGC6709 30fx30f 502 57: Y 10 0.4 .90 

279 73 NGC6755 1.0x1.0d <15.7 706 43 T 6 2.2 

004 71 NGC6811 40fx40T <14.1 296 53: Y 14 0.7 .97 

007 72 NGC6819 40fx40l <14.5 189 60 Y 2 1.2 .91 

003 71 NGC6823 40'x40' <13.6 146 49 Y 4 0.8 .98 

251 56 NGC6838 1.5x1.Id <14.5 1372 43 M1 2 3.0 

253 61 MGC6866 50Tx50f <14.1 392 25 M1 4 7.0 
231 71 NGC6866 2.5x2.5d <15. 2036 45: P 8 1.3 
224 30 NGC6885 2.0x2.0d <14.7 1433 29 P 4 5.7 
288 54 NGC6885 1.x1.d <13.5 431 46 T 2 2. 
161 58 NGC6885 1.4x1.4d <13.5 374 36 B 2? 3.2 
241 61 NGC6885 80fx80f <14.0 544 56 P 10 1.2 

313 56 MGC6910 40fx40» <14.3 129 33 P 4 5.3 

022 73 MGC6913 40fx40f <13.9 228 22 Y 2 2.5 .89 

160 57 NGC6939 1.x1.d <15. 739 40 B 6 2.4 
370 70 NGC6939 I6fxl6» <15.5 232 41 W1 3 0.9 

077 57 NGC6940 50fx40' <13.0 216 40 A1 4 1.0 .94 
282 77 MGC6940 1.0x1.0d <15.0 1351 42 T 4 1.0 

002 70 NGC7062 40»x40f <14.5 334 48 Y 4 0.7 .87 
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Table II, continued 

ref yr cluster field range stars ep. tel. exp. ace ctr sel 

114 42 NGC7092 30fx30f <13.0 50 23 Y 4 1.3 
159 57 NGC7092 0.6x0.6d <13.2 128 40 B 8 2.5 
241 61 NGC7092 80?x80f <14.8 1079 53 P 8 1.3 s 
256 70 NGC7092 5.x5.d <12.8 2964 67: d*,M2 1* 6.0 
028 77 NGC7092 1.5x1 .5d <14.5 1710 52: B,Y,A1 18 1.8 
047 30 NGC7209 2.0x2.0d <13.5 35 32: P 4 s 
241 61 NGC7209 80fx80' <14.5 1264 56 P 8 1.1 
252 61 NGC7209 1.5x1.5d <12.9 332 62 d*,M1 1* 9.0 
167 66 NGC7209 1.1x1.0 <13.2 191 40 B 6 2.1 

225 37 NGC7243 1.6x1.3d <13.5 814 34 P 4 2.0 
159 57 NGC7243 0.5x0.5d <13.2 133 32 B 6 2.8 
318 53 NGC7380 100?x100? <15 4443 16 Zo 2 8: 
319 66 NGC7380 100!x100T <13.2 63 41: Zo 8 1.8 
274 66 NGC7380 2.0x2.0d <14.3 831 41 T 2 1.8 
285 27 NGC7654 2.0x2.0d <13.8 1186 28 T 2 
287 28 NGC7654 2.0x2.0d <13.4 1168 28 T 2 
286 30 NGC7654 2.0x2.0d <13.8 860 30 T 2 3.3 
074 42 NGC7654 14!x14T <13.2 84 33: Y 16 0.7 
340 46 NGC7654 1.7x1.7d <15.0 1937 42 U 6 2.3 
289 54 NGC7654 2.0x2.0d <13.9 820 54: T 6 3.7 

272 66 NGC7788 1.0x1.0d <14.0 1088 42 T 6 
061 74 NGC7788 1.0x1.0d <16.5 2170 49 T 2 
270 41 NGC7789 1.0x1.0d <14.5 1183 40 T 6 
158 56 NGC7789 1.8x1.8d <15 920 37 B 3 3.0 
031 81 NGC7789 30fx30* <15.5 1387 68: Y,A1 20 0.4 .98 

076 56 IC 348 45fx20* <13.4 31 36: S, 75 0.5 
27 32 MC 60 0.4 

084 65 IC1805 50fx40* <14 354 40 A1 4 1.6 .84 

075 55 IC4665 2.x2.d <11.0 125 50: jk*,*,L1 *,2 3.3 

006 72 IC4665 40*x40f <13.8 275 33 Y 10 0.9 .84 

025 75 IC4756 8'x10? <14 464 51: M 18 0.9 .97 

360 56 IC4996 1.4x1.4d <15.5 157 59:f,g,B,Wi 10 0.5 
168 67 IC4996 17?x17T <14.2 79 43 B 6 2.3 167 66 an.Bar.1 1.5x1.5d <12.5 134 41: B 4 2.1 
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