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THE LIGHT CURVES OF FOUR VARIABLE STARS
IN THE HERCULES CLUSTER MESSIER 13

by Helen B. Sawyer

HpHE globular cluster Messier 13 (NGC 6205) in Hercules is

one of the best known objects in the sky, and is frequently

shown in telescopes, both big and little, and frequently photo-

graphed. But for all our familiarity with this rich cluster as a

beautiful object, our knowledge of the variable stars in it has been

amazingly scanty.

Bailey1 in 1902 published the discovery of two bright variables.

Barnard 2 in 1900, hearing of Bailey's discovery before publication,

independently found Variable No. 2, and made a series of 36 visual

observations of this star, from which he determined that the period

was 5.1 days. In 1909 3 he commented that he had determined a

period of 0.0 days for Bailey's Variable No. 1, and had also found

,i third variable. In 1915, Shapley4 announced the discoverv of

four additional variables, and gave the magnitudes5 of all seven

variables as measured on seven plates. For twenty-five years the

sum total of all our knowledge of the variables in the Hercules

cluster was that there were seven; of these, one had a period of 5.1

days as deduced from the series of published ol serrations, and one
a period of 9.0 days, but with no published observations.

A recent paper6 from this observatory increased the number i t

known variables to 11, and a preliminary report 7 on the periods

was presented to the American Astronomical Society in 19 10.

Eleven years ago al the Dominion Astrophysical Observatory

the writer began accumulating large scale plates on this cluster.

Although the variables are quite bright all of them as brighl

as 15.0 at minimum, a large telescope is necessary for the investi-

gation because of the crowding in the cluster. The program has

been continued at the David Dunlap Observatory, and a total

of 150 plates is now available. For assistance in taking the plates

I am indebted to 1 )r. F. S. I logg, Mr. T. T. I lutcliison, Mr. ( Jerald

Longworl h, and ol hers.

Of the eleven variables, lighl curves are given in this paper for

four. Of thoe tour periods now determined, three are long period

Cepheids, and one is a cluster type variable. Series of plates from

several seasons showed al once thai Barnard's period of 5.1 d
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for No. 2 is correct. The period derived by the writer is 5.11003

days. But the present series of observations showed also that

Barnard's period of 6.0 days for No. 1 is quite erroneous. Figure 1

shows Barnard's observations as computed from his period for

No. 2; and shows for No. 1 several years of the writer's obser-

vations with phases computed from Barnard's period of G.O days.
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found by the writer, is a cluster type variable with good range and
period of three quarters of a day.

Considerable work has been done to determine the periods of

the other variables. For Variable Xo. 7 a period of 0.428024 day
or 0.299724 day fits practically all the measures, and it appears

impossible on the basis of existing data to decide which is the true

and which is the fictitious period. Since the effective range is

only about 0.3 magnitude, the star is a difficult one for period

determination. Variables 3 and 4 are faint stars with small

ranges, and rather near the limiting magnitude of many of the

plates. Variables 5 and 9 are the components of a close double

which is resolved only under very good seeing conditions. Both

of these are probably cluster type variables. Variables 10 and 11

are bright stars with small ranges. It is possible that they belong

to the bright irregular class. It is planned to keep the cluster on

the observing list until more of the cluster type periods have been

determined.

The sequence used was that given in a previous paper, with

the magnitudes determined earlier by Shapley. 5 This sequence

has now been checked by two sequence plates of 2 and 6 minutes'

exposure time on Selected Area 01. The values of the comparison

stars as estimated on these plates corroborate Shapley's values.

Table I gives the elements of the variables, with maximum,

TABLE I

Elements of Foir Variable Stars in Messier 13

Y.ir.
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TABLE II

Observations of Variable Stars in Messier 13
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TABLE II—Continued

Observations of Variable Stars in Messier 13



236 Publications of the David Dunlap Observatory

TABLE II—Continued

Observations of Variable Stars in Messier 13
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which the Julian Day is given only to the second decimal a mean of

several plates taken in quick succession is given. The 99 plates

later than J.D. 2427728 were taken at this observatory.

Figure 2 shows the light curves of the four variables. For
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luminosity relation in this cluster, as shown in Figure 3. The
correct determination of the period of No. 1 removes a discrepancy

which existed in the period-luminosity relation when, according

to Barnard's work, a Cepheid with period of 6 days had a bright-

ness fainter by one magnitude than a Cepheid of 5 day period.

b^P '0 2 2 4- Ob 8

Figure 3

The period-luminosity relation in Messier 13.

Messier 13 is now the seventh globular cluster in which both

long period and cluster type Cepheids are found, and in which a

good period-luminosity relation is defined. Table III summarizes

these clusters. It is important to note that no cluster so far in-

vestigated has afforded evidence against the validity of the period-

TABLE III

Clusters in Which a Period Luminosity Relation is Established
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luminosity relation. In the one case, NGC 362, in which long

period Cepheids were found by the writer 8 to be of the same bright-

ness as cluster type variables, the evidence indicates that the long

period Cepheids are actually members of the Small Magellanic

Cloud, rather than of the cluster. Most of the clusters listed are

very rich in cluster type Cepheids; Messier 13 is the only one in

which there are so few.

Although in no cluster does the period-luminosity relation rest

on an abundance of evidence, the corroboration from globular

clusters, one by one, may be considered important because two
effects which increase the scatter of the relation in the Magellanic

Clouds and in extragalactic nebulae are reduced to a minimum in

globular clusters; namely, a great depth of the system itself, and

large amounts of obscuring nebulosity in the system.

The distance of the Hercules cluster as determined from this

study of the variables is somewhat smaller than that determined

earlier. 9 A mean modulus of the cluster from these four variables

is 14.8, corresponding to 9.2 kiloparsecs, to be compared with the

previous modulus of 15.07 or 10.3 kiloparsecs (both uncorrected for

absorption, which is probably small at galactic latitude +40°). To
include the other variables which are almost certainly cluster type,

but whose periods are not yet definitive would not change tin

modulus appreciably. At this distance the cluster has an absolute

photographic magnitude of —8.0 independent of absorption, as

computed from Christie's schramerkassette magnitude 10 of 6.78.

This is bright for a globular cluster, but not in a class with 47

Tucanae, determined recently by Shapley 11 to be of absolute

magnitude —10.2.
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