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INTRODUCTION

It is fifteen years since the first catalogue of variable stars in globular clusters

was published at this observatory by the writer in Publications of the David

Dunlap Observatory, vol. 1, no. 4, 1939. The numerous requests we have

received for this catalogue are evidence that it has proved useful to many
workers.

The references to all globular cluster literature were brought up to date in

1947 by the complete listing in the Bibliography of Individual Globular Clusters

{David Dunlap Observatory Publications, vol. 1, no. 20), but among this great

number of references the data on variables were not selectively tabulated.

Sufficient information has now been added to variable star data to justify

a second edition of the variable star catalogue. The present catalogue, in a

form similar to that of the first, aims to include all variables which lie within

the visible limits of a globular cluster, whether physical members of the

cluster or not. When such variables are known, or presumed to be, field stars,

this is noted. A few of the variables in this catalogue are also included in the

General Catalogue of Variable Stars by Kukarkin and Parenago, and its sup-

plements.

Although it would be convenient to have prints of each cluster included in

the present catalogue, the difficulty in accomplishing this is too great, and
the reader must be referred to the original publications for these. The co-

ordinates in x and y in seconds of arc are listed for practically every variable,

but they do not provide, in many cases, as satisfactory identification as could

be wished. It is not easy to select the exact centre of a cluster for the point of

origin. In clusters where only one variable exists, the identification may be

uncertain, and where large numbers have been found, different observers have
not always used the same origin.

Table I contains a list, with 1950 positions, of 34 globular clusters which are

not included in the main table of this publication. These are clusters for which

I have no knowledge of a published search for variables, though several of

them are under investigation at the present time. For the most part they are

either clusters in the far southern sky, or else difficult objects which can be

properly attacked only by a telescope of at least 100 inches. Table I and
Table II (the 72 globular clusters which have been searched for variables)

together contain the complete list of globular clusters in our galactic system

as known to me at the present time. The remarks following Table I explain

the changes in the list of globular clusters made since 1947.
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TABLE I

Thirty-four Globular Clusters Not Searched for Variables

NGC
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are all known variables unpublished. Some of the unpublished variables

probably correspond to variables now published by other observers. Counted

as suspected variables, in addition to unpublished suspects, are those numbered
variables whose variation has been questioned, making a total of 48 suspected

variables in 17 clusters. Only three clusters, NGC 5286, 5694, and 6584 have

been searched in vain, but the variables found around NGC 6528 are con-

sidered by Baade to belong to the rich Milky Way field, so this cluster also is

listed as one with no variables.

Since 1939 a total of 329 new variables has been added in 46 clusters. This

number includes some which were formerly unpublished or suspected. Con-

trariwise, some stars formerly considered variable are now listed as doubtful,

or have been dropped entirely. This number also includes a few formerly

listed only in catalogues of galactic system variables, and now included for the

sake of completeness. Nearly half the known globular clusters have been

searched in the last fifteen years, which shows considerable activity in this

field. The era of finding large numbers of variables in any one cluster seems

to be pretty well over. Most of the variable-rich clusters were searched by

Professor Bailey in the early years of this century, and there seems to be no

more like them.

Table II gives a summary of the number of variables and number of periods

known in the 72 globular clusters for which there is a record of search. It has

been a little difficult to make this table homogeneous because the sources from

which it is drawn were not uniform, and arbitrary decisions had to be made.

The first column of the table gives the NGC number, when available. In

the second column is the total number of variables with published identifica-

tion. The third column contains the unpublished variables (u), and the

suspected (s). In a few cases the unpublished variables may no longer exist;

when a worker publishes new variables in a cluster, it is sometimes not pos-

sible to find out whether they correspond with earlier, unpublished variables

of another worker. The totals of suspected variables include those published

only as suspects, as well as numbered variables which are now considered

doubtful.

Table II, when used alongside Table I of the 1939 catalogue, gives a com-

plete summary of variables in globular clusters to date. The fourth column,

headed "New" is the number of variables which have been added since 1939,

and the fifth column gives the name of the person responsible for their addition.

In most cases this name is that of the discoverer, but occasionally it is that

of a worker who first catalogued the variable in a globular cluster.

The sixth column of the table gives the total number of precise periods

known, and the seventh, the number which are new since 1939. In the total

of new periods I have included not only those periods which are completely

new, but also revised periods in which the period as revised differs markedly

from the earlier period. Small refinements of period, however, are not counted
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TABLE II

Summary of Variable Stars in 72 Globular Clusters

NGC
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TABLE II (cont.)
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as new periods. The next column gives the name of the computer of the

period.

The last three columns of the table give the types of variables in the cluster.

Under the heading "RR Lyr" is given the number of RR Lyrae periods

actually determined and published in the cluster. The following column gives

the number of stars which are probably RR Lyrae type, though without

published periods. A blank indicates that no definite number can be assigned

at present. For example, in a cluster like NGC 6266 where no magnitudes of

variables have ever been published, no estimate as to the number of probable

RR Lyrae stars appears justified. The final column gives the number of non-

RR Lyrae stars in the cluster. This number includes all stars, with both known
and unknown periods, which present observations indicate are not RR Lyrae

variables. Because these stars are of increasing importance, each one of them
is listed individually in Table III. The total of the last three columns of

Table II will not necessarily equal the total number of variables in the cluster,

since some variables remain of unknown type.

Figure 1 shows the frequency distribution of the number of variables per
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Figure 1. Distribution of the known, published variables per cluster for 68 clusters.
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cluster, giving the numbers of clusters which have the number of variables

indicated by the abscissa. More than 50 per cent of the clusters examined,

37 in all, have 10 variables or less. On the other hand, 18 clusters, about 25

per cent, have more than 20 variables. It is not possible to say at present how
the observed frequency of variables in these clusters will compare with the

true frequency; we might comment, however, that there have been very few

cases in which, once a globular cluster had been searched for variables, further

work changed it from a variable-poor to a variable-rich category. That is to

say, additional hunting for variables increases the numbers in a moderate

rather than a radical way.

This actual frequency of variables in globular clusters is interesting because

it is at variance with common impressions that variable stars abound in

globular clusters. Of the 72 clusters now examined, only 7 contain more than

50 variables each; and probably few, if any, clusters will be added in the

future to this list of variable-rich objects. Since most of the clusters left to be

studied are small and difficult, they will almost certainly increase the number
with few variables. Three-quarters of the clusters examined contain less than

20 variables. It is rather surprising to note that the most frequent number of

variables found in a globular cluster is one!

The richest cluster still remains XGC 5272, Messier 3, with 187 variables

and 2 suspected. A close second is Omega Centauri, NGC 5139, with 164.

Next in order of richness are Messier 5 (XGC 5904) and Messier 15 (NGC
7078), with about half as many variables, 97 and 93 respectively.

NUMBER OF KNOWN PERIODS

Of the known variables, periods have now been determined for 843 in 38

clusters, compared with 656 in only 20 clusters in 1939. Hence though the

studies of the past fifteen years have not enormously increased the number of

known variables or new periods, they have brought us a better over-all picture

of the variable content of the entire system of globular clusters than we had

earlier when the four rich clusters cast their weight too heavily.

Of the periods now listed, 274 are new, in 30 clusters. For a number of clus-

ters there have been revisions and redeterminations of periods. For statistical

purposes I have counted the period as new only if the value was changed by
more than 0.01 day.

DISTRIBUTION OF PERIODS AND TYPES

There are 779 definite RR Lyrae periods known in 28 clusters. In addition

there appear to be at least 335 more stars which are probably of this character.

Probably also most of the 185 stars for which the data do not permit a definite

assignment of type will also prove to be of this class.

Attention has often been drawn to the difference in frequency of period

from one cluster to another. It is interesting, however, to portray the frequency
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of all known RR Lyrae periods in globular clusters. This is shown in figure 2

for period intervals of 0.01 day. The outstanding feature of the distribution

is the conspicuous gap in periods slightly under 0.45 day. It is difficult to

think that this gap is caused by any observational selection (unless some

factor causes stars of this period to have a very small range). There certainly

would appear to be no reason why periods of this length are more difficult to

determine. The double maximum in this distribution of period frequency

raises the question as to whether we are concerned with two different types

of stars. Are RR Lyrae variables whose periods are shorter than 0.45 day the

same kind of variable as those whose periods are longer? Numerous studies of

the RR Lyrae stars in the galactic system, for example by Kukarkin, Struve

and Joy, and Shapley suggest that all RR Lyrae stars do not constitute a

homogeneous group.

Nearly 10 per cent of the known variables in globular clusters are definitely

not RR Lyrae stars, 122 stars in 36 clusters. Table III, which is similar to

Table II in the first catalogue, lists these 122 stars which are within the visible

limits of globular clusters and are not RR Lyrae variables. The table in the

present catalogue is considerably more inclusive than the earlier one, which

was restricted to stars with known periods over a day. The present table

includes the W Ursae Majoris types such as Var. 141 in NGC 5272, stars with

irregular light variation, and stars of unknown type which are listed as

probably not RR Lyrae stars. Many of these stars are field variables, and not

cluster members. Any definite information in this regard has been listed,

but in most cases more observational evidence is necessary to decide whether

a variable is an actual cluster member.
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Figure 2. Numbers of RR Lyrae periods at intervals of 0.01 day for 781 periods in 28
globular clusters.
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TABLE III

Variables which are not RR Lyrae Stars

NGC
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TABLE III (cont.)

NGC
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TABLE III (cont.)

NGC
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number, or, lacking that, by right ascension. If the cluster has a Messier

number, it is given. The right ascension and declination are for the equinox

of 1950.

The variables are numbered according to the number given by the discoverer

except in a few cases where an adjustment has had to be made. The x and y
co-ordinates are given in seconds of arc and correspond in direction to right

ascension and declination. Whenever they have been published, magnitudes,

epochs, and periods are given. A blank in these columns indicates lack of

published data. When an observer has given a table of maximum and minimum
magnitudes, these have been taken. However, in many cases the writer has

had to read these values from published measures of many plates by taking

the brightest and faintest estimates of magnitude for the variable. Epoch of

maximum gives the number of days past J.D. 2,400,000.000. For stars in

clusters like Omega Centauri and Messier 3 where many investigations of

small period changes have been made, only one value (usually the latest or

best determined) is given for the period.

Suspected variables have not been included in the catalogue in general,

except for those where numbers had been previously assigned. Announced

variables which are now considered not to vary have been left in the catalogue

so that a reader may be aware of them, but they have not been included in

the totals of known variables.

In an attempt to clear up some of the confusion which has existed for years

in Messier 3, NGC 5272, the writer has identified the variables whenever

possible in von Zeipel's catalogue. A similar process has been followed for

Messier 15, XGC 7078, with Kiistner's catalogue, since Rosino published

some of these identifications for his new variables in that cluster.

WT

hen necessary, notes pertaining to a cluster are given after the data on

that cluster.

References to Literature on Variable Stars in Globular Clusters

To the catalogue is appended a complete bibliography of literature on variable

stars in globular clusters. The 125 references given in the 1939 catalogue have

now been expanded to 193, including 6 references before 1939 found after the

publication of that list. This total does not include references to unpublished

correspondence, which contains much vital information. As formerly, the

references are arranged by years, and alphabetically under author for any

given year. At the end of each cluster, the list of numbers indicates the refer-

ences to that cluster, and special note is made of the references in which

photographs or charts of the clusters giving identification of the variables

can be found.
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NGC 104 (47 Tucanae) a 00h 21m.9, 5-72° 21'

No.
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Catalogue—Continued

NGC 1851 a 05h 12m .4, 5 -40° 05'

49

No. Magnitudes

Max. Min.

Epoch of

Maximum
Period Remarks

4- 261

- 45

- 9

+ 30

14

14

15|

1 unpublished variable.

Refs. 72, 87. No map.

NGC 1904 (Messier 79) a 05h 22™2, 5 -24° 34'

1
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NGC 2419

Publications of the David Dunlap Observatory

Catalogue— Continued

No. Magnitudes

Max. Min.

Epoch of Period

Maximum
Remarks

21
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Catalogue—Continued

51

NGC 3201

No.



52

NGG 3201

Publications of the David Dunlap Observatory

Catalogue—Continued

No.



NGC 4590

Variable Stars in Globular Clusters

Catalogue—Continued

53

No.
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Catalogue—Continued

NGC 5024 (Messier 53) a 13h 10m.5, 5 + 18° 26'

No.
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Catalogue—Continued

NGC 5053 a 13 h 13m .9, 5 +17° 57'

Xo. Magnitudes

Max. Min.

Epoch of

Maximum
Period Remarks

1
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NGC 5139

Publications of the David Dunlap Observatory

Catalogue—Continued

No. Magnitudes

Max. Min.

Epoch of

Maximum
Period Remarks

33
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Catalogue—Continued

NGC 5139

No.
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NGG 5139

Publications of the David Dunlap Observatory

Catalogue—Continued

No. Magnitudes

Max. Min.

Epoch of

Maximum
Period Remarks

122
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Catalogue—Continued

NGC 5139

No. Magnitudes

Max. Min.

Epoch of

Maximum
Period Remarks

166
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NGC 5272

Publications of the David Dunlap Observatory

Catalogue—Continued

No.
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Catalogue—Continued

61

NGC 5272

No.



62

NGC 5272

Publications of the David Dunlap Observatory

Catalogue—Continued

No.
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Catalogue—Continued

NGC 5272

No.
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Catalogue—Continued

NGC 5272

In a further attempt to clear up some of the confusion of identification of the variables in

this cluster (discussed in detail in the last catalogue), I have identified as far as possible the

variables with the numbers in von Zeipel's catalogue (Ann. VObs. Imp. Paris, Mem., v. 25,

F 1-101, 1908). In cases where the variable is definitely not in the catalogue, this is indicated

by "none" in the number column. Where no satisfactory identification has been made, a

blank is left; and the number is questioned if doubt exists.

There is doubt as to whether vars. 145 and 183 correspond to v.Z. 944 or 961. Shapley's

Variable 18 is definitely v.Z. 944; but it is not certain whether his Var. 18 is the same as either

145 or 183.

NGC 5286 a 13h 43m.O, 5 -51° 07'

No variables found. Ref. 71. No map.

NGC 5466 a 14h 03m.2, 5 +28° 46'

No.
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Catalogue—Continued

65

NGC 5694 « 14h 36m .7, 5 -26° 19'

No variables found. Ref. 104. No map.

Baade's Cluster a 15h 13m.5, 5 +0° 4'

No. Magnitudes

Max. Min.

Epoch of

Maximum
Period Remarks

1
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NGG 5904

Publications of the David Dunlap Observatory

Catalogue—Continued

No.
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Catalogue—Continued

NGG 5904
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Catalogue—Continued

NGC 6093 (Messier 80) a 16h 14m .l, 5 -22° 52'

No.
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NGC 6121

Catalogue—Continued

No.
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Catalogue—Continued

NGC 6205 (Messier 13) a 16h 39m .9, 5 +36° 33'

No.
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Catalogue—Continued

NGC 6229

No. x" y" Magnitudes Epoch of Period Remarks
Max. Min. Maximum

16 + 47.0 - 24.2 17.31 17.94

17
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NGC 6266

Publications of the David Dunlap Observatory

Catalogue—Continued

No.
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Catalogue—Continued

NGC 6333 (Messier 9) a 17h 16m .2, 5 -18° 28'

No. Magnitudes

Max. Min.

Epoch of

Maximum
Period

73

Remarks

1
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Catalogue—Continued

NGC 6362 a 17h 26m .6, 5 -67° 01'

No. Magnitudes

Max. Min.

Epoch of

Maximum
Period Remarks

1
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Catalogue—Continued

NGC 6402

No.
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Catalogue—Continued

NGC 6402

No.



NGC 6522

Variable Stars in Globular Clusters

Catalogue—Continued

No. Magnitudes

Max. Min.

Epoch of

Maximum
Period Remarks

5
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Catalogue—Continued

NGC 6584 a 18h 14m.6, 5-52° 14'

No variable in cluster. Ref. 71. No map.

NGC 6626 (Messier 28) a 18h 21m.5, 5 -25° 54'

No.
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Catalogue—Continued

79

NGC 6656

No.



80

NGC 6715

Publications of the David Dunlap Observatory

Catalogue—Continued

No. Magnitudes Epoch of Period Remarks
Max. Min. Maximum

14
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Catalogue—Continued

NGC 6760 a 19h 08m .6, 5 +00° 57'

81

No. Magnitudes Epoch of Period Remarks
Max. Min. Maximum

1
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Catalogue—Continued

NGC 6864 (Messier 75) a 20h 03m .2, 5 -22° 04'

No.
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Catalogue—Continued

83

NGC 6934

No. Magnitudes

Max. Min.

Epoch of

Maximum
Period Remarks

29
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NGC 6981

Publications of the David Dunlap Observatory

Catalogue—Continued

No.
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Catalogue—Continued

NGC 7006

No.



86

NGC 7078

Publications of the David Dunlap Observatory

Catalogue—Continued

No.



Variable Stars in Globular Clusters

Catalogue—Continued

87

NGC 7078

No.
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Catalogue—Continued

NGC 7089 (Messier 2) « 21 h 30m.9, 5 -01° 03'

No.
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REFERENCES TO VARIABLE STARS IN GLOBULAR CLUSTERS IN
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