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A CATALOGUE OF 1116 VARIABLE STARS
IN GLOBULAR STAR CLUSTERS

by Helen B. Sawyer

A. Introduction.

It is now fifty years since the discovery of the first variable

star was announced in a globular cluster. The Nova which appeared

in the cluster Messier 80 in 1860 can hardly be said to be the

beginning of variable star astronomy in clusters, as it is still in a

class by itself. In 1902 Bailey gave a summary of the variables

in all the clusters which he himself had investigated, and published

co-ordinates for the variables. Except for this compilation however,

no catalogue of the variable stars in globular clusters has ever

been published.

In 1930 Shapley published in Star Clusters a summary of the

variables known in globular clusters. This summary was brought

up to date in 1933 in the Ilandbuch der Astrophysik. Considerable

knowledge has been added in the interim, with many new variables

discovered, and periods determined. In June, 1938, the writer

sent a paper to the Ottawa meeting of the American Association

for the Advancement of Science summarizing the present state of

our knowledge. As a basis for this paper, a catalogue was made
giving the magnitudes, positions, and periods of all the individual

variables. There was originally no intention of publishing the

actual catalogue of variables, but only a summary of the data

contained therein. As the work progressed however, the writer

became more and more impressed with the lack of unity in the

subject, the wide scattering of the references through the literature,

and the various ways observers have published their data. The
writer came to the conclusion that one unifying publication ol

actual lists of variables arranged according ti> individual cluster

would l>c worth tli«' time spent in preparation and the cost of

publical ion.

The purpose of the catalogue is to enable a worker interested

in the subject to gel a clear picture of exactly what ha-- been done

on variables in clusters, eithei for clusters a- a whole or lor any
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individual cluster in which he may be interested. For a person

intending to work on the variables in any given cluster, the cata-

logue is not intended to supplant the original papers. The original

papers naturally contain much more information than could

possibly be carried over into the catalogue. Often it has been

difficult to decide what values to excerpt, in the case of slight

changes of epoch, period, or other elements.

While the catalogue is almost entirely a reprinting of material

which can be located from published sources, its publication may
help to prevent overlapping researches. For several clusters,

variables have been announced by several observers, when the

later worker did not know of the work of the earlier one. Confusion

has arisen in the numbering of the variables. It would seem that

this will happen more frequently in the future as the list of variable

star references lengthens. Furthermore there has been a decided

lack of homogeneity in the published results. The co-ordinates for

the variables are given in several different units, and sometimes

are not given at all. Maximum and minimum magnitudes are

often lacking. Fpochs are given in almost every possible way, for

minimum phase, maximum phase, or an arbitrary point on either

the ascending or descending branch of the light curve. It is hoped

that, if the available data are gathered together now in a uniform

manner for all clusters, observers will be encouraged in the future

to publish their results in a more standard form. This should

make the material more suitable for statistical investigation.

No attempt has been made to republish marked prints for the

clusters. In general cluster variables are most readily identified

from prints, although these have not been published for all clusters.

For each cluster, however, a publication in which a marked print

can be found is indicated. But it is felt that a compilation of the

positions, even without the prints, is certainly statistically valuable.

As a matter of fact, for some of the crowded clusters where the

prints are blurred in the centre, one needs to use the positions

anyway, rather than the prints, for identification.

The positions of the variables are most logically given in x and

y co-ordinates from the centre of the cluster. As the position of

the exact cluster centre is practically never published, it may

seem a trifle illogical to publish x and y co-ordinates without

identifying the origin. But even though the position of the origin

is indefinite, when there are as many as two variables published
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in a cluster, the identification from the positions only should not

be ambiguous.

B. Summary of Data on Variable Stars in Globular Clusters.

1. Numbers of Variables.

At the present time, 1215 variable stars have been found in

60 globular clusters. There is no printed record of a search in the

other 34 clusters. Of these 1215 variables, 99 are listed as un-

published, and so cannot be catalogued with positions and magni-
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other globular cluster has more than 100. Of all the clusters

searched, 80 per cent have less than 30 variables. Figure 1 shows the

frequency distribution of number of variables per globular cluster.

Table I gives a summary of variable stars in globular clusters,

arranged according to NGC number of the cluster. The second

column gives the total number of variables known; an italicized

number indicates that some unpublished variables have been in-

cluded in the total. The name of the discoverer is given in the third

column, followed by the date on which definite publication of the

new variables was made. The numbers in parenthesis indicate the

number of variables found by that person. As in some clusters

variables have been found independently by several observers, it

should not be expected that the numbers in parenthesis will total

the exact number now known in the cluster. Stars which were

once announced as variable, and since shown to be unvarying,

have been omitted from the total. The fifth column gives the total

number of periods actually determined. No attempt has been

made to include in this table the numbers of stars which haw-

been shown to have periods less than a day, but for which the

actual period has not been established. In the sixth column are

given the names of the authors who determined periods, and in

the seventh the date when the periods were published. The last

three columns of the table give the number of cluster type variables,

of variables with periods between 1 and 125 days, and with periods

greater than 125 days. The grouping of periods from one to 125

days was purposely taken to include a number of stars with periods

just over one hundred days. This group seems in rather higher

proportion in globular clusters than in the galactic system. There

are few variables with periods greater than 125 days; they apparently

belong to the class of long period variables.

2. Number of known periods.

Of the known variables, periods have been determined for 656,

or about one-half. Periods are known in only 20 globular clusters,

or about one-fifth of the total number. Of the 656 periods deter-

mined, the four bright clusters investigated by Bailey, Messier 3,

Messier 5, Messier 15, and co Centauri account for 449 periods, or

70 per cent of the total. The other 207 periods known are scattered

through 16 clusters. Bailey has determined more periods in globular

clusters than all other workers combined; he determined 353

periods, while others have so far determined only 303.
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TABLE I

Summary of Variable Stars in Globular Clusters
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TABLE I

—

Continued
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TABLE I
— Continued
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3. Distribution of periods.

It is general knowledge that among the stars with known periods

the variables of cluster type with periods less than one day greatly

predominate. There are 614 cluster type periods in 15 clusters.

In many clusters where no definite periods are known, inspection

of the changes in magnitudes from a number of plates indicates

that most of the variables have periods less than one day. There

are 43 variables with periods greater than one day. Of these, 7

have periods greater than 125 days; 27 are long period Cepheids,

and the rest are semi-regular variables or belong in the group with

periods about one hundred days.

It is a rather amazing fact that while in globular clusters cluster

type periods outnumber periods greater than one day in a 15 to 1

proportion, yet the variables with periods greater than one day

are distributed as widely among the clusters investigated as are

the large numbers of cluster type variables! The 613 cluster type

variables are to be found in 15 clusters, while the 13 variables with

periods greater than one day are also scattered through 14 clusters.

This fact lends considerable zest to the hunt for periods in

globular clusters; for while one may guess that a cluster with 30

variables may probably have a long period Cepheid, yet one must

realize that a cluster with only one or two variables is quite as

likely to have one. The relative scarcity of Cepheids with periods

greater than one day naturally makes them the more interesting

objects. From the point of view of distance determination, the

distance as computed from the apparent magnitude of the cluster

type Cepheids is probably just as good as the distance computed

from the period4uminosity relation of the long period Cepheids.

But because periods greater than one day are comparatively rare

in globular clusters, these variables are summarized in Table II.

A similar table which had 27 entries was published by the writer

in 1931 (H.C. no. 366). Since then 17 stars have been added, and

one dropped. Of these, 11 are Cepheids, 3 found by Martin in

co Centauri, and 8 by the writer in 4 other clusters. A period

of 103 days has been determined for Variable 95 in Messier 3, and

several variables in w Centauri have been shown to have semi-

regular periods.
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TABLE II

Periods Greater than One Day in Globular Cli -

NGC
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TABLE II

—

Continued

NGC
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the writer has had to read these values from published measures

of many plates; in these cases the brightest and faintest estimates

of magnitude for the variable have been taken. Epoch of maximum
gives the number of days past J.D. 2,400,000.000.

Suspected variables have not been included in the catalogue

except for one or two which had been assigned definite numbers

in the midst of list of variables. It was felt that in these cases it

would disturb the numbering less to include these suspected

variables until they were definitely disproved. Announced variables

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

so that a reader would not think the numbers had been omitted

by accident; their non-variable nature has been indicated and they

have not been included in the totals of known variables.

When necessary, notes pertaining to the cluster are given at

the end of the data on that particular cluster.

D. 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 39 funda-

mental references given in Shapley's Star Clusters, Table IV, I,

have been increased to 118, partly by inclusion of some of the

very early references, partly by references since 1930, and partly

by somewhat obscure references which had been overlooked

earlier. These references have been arranged by years in the

hope that the numbering would have some significance and might

be reasonably permanent. In any one year the references have

been arranged alphabetically by author. References to field

variables around a cluster (when published under the name of that

cluster) have been included, since there is often ambiguity as to

which variables are actually cluster members. Variable star

literature has been assumed to start with the first typical variable

found in 1889, and not with the early nova of I860. The list of

nova references therefore is not given directly in tin- bibliography,

but can be found in the most recent paper under NGC 6093. .V

the end of each cluster the list of numbers indicates the references

to that cluster, and special note is made <>l the references in which

pl.it es or charts of the clusters giving identification of the variables

can be found.

E. Suggestions for Publication of Future Results.

The writer would like to make the lollnu in- >u^ue^tions th.it
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workers in this field might follow in the future. These suggestions

arise out of the practice that has been most usual in the past; if

the same practice could always be followed in the future it would

put the knowledge of variable stars in globular clusters on a uniform

basis, as Prager's catalogue has the knowledge of variables in

the galactic system.

It is suggested:

1. That for the announcement of new variables, the x and y

co-ordinates be published, with an assumed centre of the cluster,

with the signs such that an increase in x or in y means an increase

in right ascension or north declination. That since most co-ordinates

have been published in seconds of arc, this unit should be adopted.

That if an observer finds additional variables in a cluster already

examined and wishes to change the origin of the co-ordinate system

for some good reason, he republish on his system the x and y

co-ordinates for all variables.

2. That variables be numbered consecutively from the last

known variable in the cluster. (This appears to be a very obvious

procedure, but in a number of cases it has not been followed).

3. That observers refrain from numbering suspected variables

along with stars considered definitely variable. (The suspects can

be lettered or designated in any way that the author wishes; but

it is bound to lead to much unnecessary confusion in the future if

they are numbered along with well-established variables).

4. That since the maximum and minimum magnitudes of the

variables in a cluster may be considered one of the convenient and

fundamental quantities in which many astronomers are interested,

a table giving these for all variables (including those for which no

period has been determined) be published whenever possible.

5. That, for variables whose periods have been determined, a

table of well-established epochs of maximum be published. (Al-

though the period may doubtless be computed more accurately

from some other point, yet it would seem that a table of epoch of

maximum is of general interest and use, and should always be

published even when the periods have been computed from points

selected o« some other part of the light curve.)

Naturally a serious attempt has been made to make the cata-

logue as complete and as accurate as possible. In a work of this
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sort, however, it is almost inevitable that errors will be found, sins

both of omission and of commission, and the writer will be very

grateful for all that are brought to her attention. She will also

be glad to receive additional data as it is accumulated in the

future.

The writer wishes to acknowledge with thanks the assistance

<>f Miss Edna Fuller in the preparation of this catalogue, and
constructive suggestions regarding the manuscript made by-

Professor Shapley and Dr. Prager.

March 3, 1939.
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CATALOGUE
OF VARIABLE STARS IN GLOBULAR CLUSTERS

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

No.
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Catalogue—Continued

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

No.
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Catalogue—Continued

NGC 2419

No.

2G

27

28

29

30

31

32

33

34

35

36

-70

+ 19

-192
-58
-26

+ 154

-19
+47
+21
+43
+23

-50
-103

+59
-7
+23
-146

+48
-17

+ 157

+8
+44

Magnitudes

Max. Min.

L9
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Catalogue—Continued

NGC 3201
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Catalogue— Continued

NGC 4147 a 12 h 07m .0, 5 +18° 49'

No.
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Catalogue—Continued

NGC 4833 a L2h 50m .O, 5 -70° 36'

6 unpublished variables, 2 suspected.

Rets. 65, 87, F. No map.

NGC 5024 (Messier 53) a 13 h 10m .5.
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Catalogue— Continued

NGC 5024

No.
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CATALOGUE

—

Continued

NGC 5139
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Catalogue—Continued

NGC 5139



Variable Stars in (ilobidar Star C lusters 149

Catalogue— Continut d

NGC 5139
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Catalogue— Continued

NGC 5139
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Catalogue— Continued

NGC 5272
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Catalogue— Continued

NGC 5272

No.
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Catalogue— Continued

NGC 5272

No.
Magnitudes

Max. Min.

Epoch of

Maximum
Period

92
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Catalogue—Continued

NGC 5272
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Catalogue—Continued

NGC .
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Catalogue— Continued

NGC 5272

IDENTIFICATIONS OF SHAPLEY'S ANNOUNCED VARIABLES

Shapley's
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Catalogue— Continued

NGC 5634 a 14>> 27«\0, 5 -05= 15'

4 unpublished variables. Ref. A.

NGC 5694 a 14* 36*>.7, 8 -26° 19'

Xo variables found. Ref. 104. No map.

NGC 5904 (Messier 5) a 15 1
' 16"\0, 5 +02° 16'

Xo.
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Catalogue—Continued

NGC 5904
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Catalogue— Continued

NGC 5904

No.
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Catalogue— Continued

NGC 6121

No.

o

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

-185
-115
-113
-110
-104
-68
-64
-53
-47
-47
-32
-29
-8
+ 4

+ 11

+ 13

+19
+34
+38
+49
+70
+94
+ 118

+259
+32f,

+340
+353
+ 746

+805

-93
+318
+231
+ 111

+ 105

+ 159

-297
-207
+270
-24 1

+436
+69
+20
+27
+358
-63
-4
+80
-26

+ is

+70
-72

+25.-)

+84
+598
-69
+ 45

-40

+630

Magnitudes

Max. Min.

14.08

13.65

13.88

13.01

13 76

13.03

13.42

14.03

12.37

13.82

13.98

13.58

14.24

14.18

1 1 72

14.38

14.64

14 64

14 59

14 79

13.08

15.16

1 1 71

14 47

not variable

13 54 14 78

13 37

13.7

12.90

13 72

13 :>7

i:; 37

13.45

13 64

13 38

13 37

i:i 19

13 28

12 98

13.51

13.3

14 .37

14.3

1 1 is

1 \ 20

14 17

14.77

14.18

1 \ 77

14 24

14.18

14.61

14 06

14.18

14.31

14.1

Epoch of

Maximum

23307 556

23221.536

23914.687

22105.782

26178.679

23593 585

23877 741

23249 656

20685 7 1 1

23610 551

2216

20r.2ii.811

20685 714

23280 513

20685.714

23249 555

23249 656

23914 686

2107s 568

Period

0. 5347988

5081713

0.4823935

0.4930734

0.4461313

i) 1635316

0.4438676

0.5425413

0.470

0.4678131

0.4719722

0.51712 18

0.5412222

0.6120161

0.5223606

1.097452

0.3697670

0.505317.")

0.6148267

Refs. 21, 90, 93. Plate in 90. Magnitudes from B.

NGC 6171 a Hih 29" 5 -12"

-112.8

+148.8
-224.4
-99.6

+231.0
-10.8
+42.0
+ 12.0

-522.0

-388.8

-183.6

-156.6

-161.4

-67.2
-61.2
-42.0

114.16

15.62

15.55

15 64

15.74

15 68

15.57

1 5 . 57

16 75

16.29

16.14

16.14

16.21

16.15

16.64

16.52
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Catalogue— Continued

161

NGC 6171

No.
Magnitudes

Max. Min.

Epoch of

Maximum
Period

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

-26.4
-57.0

+9.6
+58.8
-27.0

+ 17.4

+19.2
-67.2
-99.0
+77.4
+232.8
+31.2
+81.0

-1354.2

-263.4
0.0

-19.8

+8.4
+33.0
+61.2
+72.0
+82.2
+ 120.0

+ 113.4

+71.4
+215.4

+ 162.6

+51.0
-144.6

-183.0

+ 19.2

+8.4

15.91

15.48

15.69

15.27

15.45

15.35

15.57

15.69

15.35

15.75

15.77

15.66

16.33

15.61

15.66

16.33

16.65

16.46

16.48

16.59

16.45

16.12

16.51

16.45

16.46

16.25

16.40

16.78

16.13

16.46

Kef. 121, with chart.

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

+91.1
-67.4
-159.2
-59.0

+89.3
+115.5
-49.6

-24.9
-3.0

+16.5
+58.2
— 14. J

+76.6
-82.7

13.7

12.85

15.2

15.33

14.6

14.0

14.7

14.9

13.8

16.11

15.86

15.8

14.74

1.1 If.

6.0

5.10

3 unpublished variables.

Co-ordinates of variables taken from Ludendorff's Catalogue (Potsdam Pub.

v. 15, no. 50, 1905).

Kefs. 11, 18, 20, 23, 27, 29, 30, 37, 40, 76. Plate in 20.

NGC 6218 (Messier 12) a h. 11 «,. 8 -01° 52'

I +34 -62 11.9 13 2 27306.708 i.-, :,os

Kefs. 11, 102, 113, 123, 124. Plate in L23.

NGC 6229 a I6h 45».6, 5 +47° :;7'

1
-

i:, 1 15.8

20 unpublished vari iblcs.

Kefs. :«;, 113, A. No map
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Catalogue—Continued

NGC 6254 (Messier 10) a 16h 54"\5, 5 -04° 02'

No.
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Catalogue:— Continued

NGC 6333 (Messier 9) a 17" 16»2,

1 unpublished variable. Ref. 87,

5 -18 3 28'

NGC 6341 (Messier 92) a 1
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Catalogue—Continued

NGC 6362
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Catalogue—Continued

NGC 6402

No. Magnitudes

Max. Min.

Epoch of

Maximum
Period

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

16

47

48

49

50

51

52

53

54

55

+54
-135
-79
-228
+61
-128
-145
+72
+70
+74
-2
-28
-85
-421
-465
-68
+76
-41

+36
-138
-70
-112

+204
+5
+ 11

+46
+253
-13

+36
+68
+20
-90
+91
-89
-4
-98
-15

+ 104

+82
+134
+ 121

+33

+ 1

+ 147

-36
+ 122

-22

+2
+98
+ 125

+95
+281
+75
-312

+27
+ 151

+372
-152
-12

+32
+ 147

+ 12

+26
-49
-346

+ 18

-17
-2

+310
-3
+ 12

+23
+116
+ 94

-66
+2(1

+40
-19
-38

-30.")

+39
+129
+113
+106

16.2

16.1

16.2

14.8

16.1

16.3

16.3

16.3

16.4

15.9

16.1

16.4

16.5

15.4

15.0

15.7

16.2

16.0

16.2

16.2

It). 4

16.2

16.4

16.4

16.0

16.1

16.4

16.0

15.9

16.2

16.3

15.7

16 l

16.5

16.3

16.0

16.1

16.5

16.

5

16 »

16 6

16 5

17.5

17.5

17.4

15.7

17.7

17.6

17 4

17.4

17.6

17.4

17 6

17.5

17.5

16.2

16.0

16.2

17.5

17.0

17.1

17.3

17.6

17. 1

17.5

17 7

17.0

17.6

17.1

17.1

17 1

17 3

17.5

16.4

17.4

17 6

17.7

16.9

17.0

17 5

17

17 :;

!7 6

!7 5
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Catalogue— Continued

NGC 6402

Refs. 102, 113, 117, 123. Plate in 123.

NGC 6426 a 17" 42'". 1, 5 +03° 12'

10 unpublished variables. Ref. A.

NGC 6535 a 18" 01-3, 5 -00° 18'

1 unpublished variable. Ref. A.

NGC 6539 a IS" 02'". 1, 5 -07° 35'

1 unpublished variable. Ref. A.

NGC 6541 a IS" 04'".4, 5 -43° 44'

No.
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Catalogue— Continued

NGC 6626 .Messier 28) a 18* 21m.5, 5 -21' 54'

No.
Magnitudes
Max. Min.

Epoch of

Maximum
Period

+ 174.0

-47.3
-32.9
-34.5
-44.8

+34.1

+172.2
+227.3
-158 6

+ 188.5

+63.1
+ 111.0

+33 .

6

+16.4
+50.4
+ 102.7

-222.3
-252.4

Kefs. 11, 14, 20. Plate in 20.

NGC 6656 (Messier 22) a IS 1
' 33»3, 5 -23° 58'

8

10

11

12

13

14

15

If,

17

-.-,4.0

+158 6

+214.7
-4.0

-178.2
-74.4

-342 1

-39.5
-211.2
-39.0
-14.4

+0.8
+76 I

+250 8

+115.3
+ 185.0

i t8
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