A statistical study of pulsating stars

Fifth paper: The variable stars in M53 and N.G.C. 3201

by E. A. KREIKEN
(Department of Astronomy)

Ozet: M 53 deki degigen yildizlar ve N.G.C, 3201 deki degisen yildiz-
larin ekseriyeti tetkik edilmigtir. Neticeler tablo 1 ve 2 de verilmigtir. De-

giskenlerin korelasyon diizleminde log P ve A(2) arasinda dagilimi gekil 1 ve
2 de gérilmektedir.
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Abstract: The variable stars in M 58 and the majority of the variab-
les in N.G. C. 3201 are analysed. The results are given in the tables 1 and
2. The distribution of the variables in the correlation plane between log P
and A(2) appears in the figures 1 and 2.
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In the present paper the variable stars in the globular clus-
ters M 53 and N. G. C. 3201 are analysed. The method of analy-
sis is the same as the one used in the first paper of this series
and the same symbols have been used throughout, Therefore
neither the method nor the symbols are discussed here.

The variable stars in M 53 have been studied by E. Grosse
who gives the periods and the light curves of 32 wvariablesl'].
Those which he indicates as being uncertain have been exclu-
ded from the present analysis. Also excluded were the variab-
les No. 15 and No. 40, for which Grosse finds exceedingly short
periods. It has been emphasized by P. Th. Qosterhoff that such
very short periods must be treated with great caution[?]. In
several instances he has been able to show that different pe-
riods fitted better to the observed light curve.
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In the particular instance QOosterhoff has made a further
study of the variables No. 15 and No. 40 in M 53[%]. His im-
proved periods are slightly longer than those given by Grosse.
The results of the present analysis show that the improved pe-
riods must be correct. The values A{2) derived from the light
curves given by Grosse are highly improbable. In the correla-
tion plane of log P and A(2) these two points would be situa-
ted well below and to the left of the level ¢y (see figure 1), If
the light curves given by Oosterhoff are analysed, we find va-
lues of A(2) which indicate that the two variables are quite
normal and very nearly on the level ¢;. For the present I have
thought it better to leave these two systems out of considera-
tion, This leaves us 22 systems which are enumerated in Table
1. As indicated in the last column of the table even now for
the two variables N = 32 and 19 the numerical values which
could be obtained are uncertain. In the table the variables are
arranged in order of increasing period.

The pumbers in the first column refer to the table given by
Grossel'l,

The next columns contain the logarithm of the period the Bai-
ley type if given by Grosse and the numerical values of m(1)
A(2), A(3) and A(4) respectively. The final column contains so-
me remarks concerning the individual variables. Variable No. 20
has been indicated as irregular.

It is classified by Grosse as being of intermediate type ab,
while he remarks the successive maxima of the light curve are
of unequal light and have unequal shape.

The plot of the individual values A(2) against the correspon-
ding values of the logarithms of the period appears in fig. 1.
With the exception of the irregular variables, all stars are indi-
cated by black disks. For the irregular variables open circles are
used. In M 53 only one irregular variable occurs, viz. the system
N'= 30, and from figure 1 itis evident that it is situated exactly
in the region which in the other clusters was found to be occu-
pied by the irregular systems.

The majority of the c type stars are on the sublevel ¢,
while only a few occupy the level ¢,, The sublevel ¢; is not
represented. The variables of Bailey type a and & fall along the
levels a; and a,, but the two levels are not well separated.

The eighty six variable stars in N. G. C. 3201, as listed by
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Helen B. Sawyer[!] have been studied by Frances W. Wright[°].
In her catalogue she gives the elements of 55 light curves.

In the present paper of these light curves twenty eight were
analysed by the autocorrelation and subsequent power analysis
method.

These twenty eight variables are enumarated in table 2,
which also gives the values log P, n (1) A(2), A(3) and A(4).

The arrangement is by period, while the numbers in the first
column refer to the catalogues of Miss Sawyer[’l and Miss
Wright. The variables were selected at random but in such a
way that all periods are represented.

Also a few additional systems were inserted which have ei-
ther a very long or very short period, or a period near the tran-
sition from the Bailey subtype ¢ to a and é&. '

Finally a few systems were added, which judging from the
light curve given by Miss Wright (1. c. figure 1) seem more
or less to deviate from the normal type.

Consequently the distribution of the periods of the variables
enumerated in table 2 is no longer representative for the true
distribution of the periods of the variables in N. G. C. 3201.

The plot of tho values A(2) against log P in figure 2 reveals
some interesting features. The sublevels c¢;,c; and ¢; are
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TABLE 1.
Variable stars in M 53

No. log P | type | =(1) | A(2)| A(3) | A(4) Remarks

16 |0.481—1 c 0957 [0.138 ;0.095 | 0.089

21 10.529—1 ¢ 9711 095 | 084 | .000

35 572—1 c 938 | .222 | 032 | .063

36 572—1 c 985 | .093 | .000 | .000

17 .581—1 c 975 | .100 | .069 | .065

20 .584—1 c 976 | 105 | 055 | .055

4 .586—1 c 990 | .100 | .095 | .077

32 591—1 ¢ 973 | .103:| .028:| .071:| uncertain

26 5921 c 950 | .182 | 045 | 134

19 593 —1 c 954 | .104: .120:| .000: wuncertain

30 .728—1 ab 935 | .285 | .000 | .045 irr.

7 .736—1 a 742 | 437 ¢ 311 | .157

14 736 —1 a 152 1 467 | 259 | 155

1L | J779—1} a 815 | 464 | .207 | .130

10 784—1 a 757 434 0 274 | .167

1 .784—1 b 807 | 465 .228 | .162

13 800—1 a 71 | 462 | .237 185

28 801—1 a L7155 | 524 | 311 | .214

5 806—1 a 642 | 576 | 355 .197

6 822 -1 b 181 | 412 259 | .179

27 827—1 b 810 | 424 .228 | .130

38 .848—1 b .735 | 503 | .202 | .148

TABLE 2.
Variable stars in N. G. C. 3201

N| 1ogP | w(l) | A@) | AG) | A4) [Rem. [N | logP | =(1) | A@2) | A(®) | A(4) | Rem.
11]0.476—1 {0.916 10.224 |0.141 0.055 1910.720—1 {0,745 |0.423 | 0.288 |0.266
34} 670—1 1 .811 | 410| .219 | .110 20| .724—1 , .725 | 468 | .293 .138|
39| .684—1 | 711 | 523 | .270 | .122 42| .731—1 | 682 | .502 | 345 | .200
271 .685—1 | .785 | 455 | .297 | .187 211 .754—1 | 769 | .315 | .322} .133 | irr?
121 .695—1 | .727 | 458 | .321 | 190 281 763—1 | .804 | .386 | 251 | .161 | (see
5| .700—1 | .747 | 431} .307 | .198 131 760—1 | .716 | .534 | .308 | 205 text)
60| .702—1 | 700 | 491 | .345 | .176 24| 770—1 | 705 | 439 363 | .212
14| .707—1 | 740 | 463 | .316 | .184 71| .779—1 | .752 524 | .197 | .035
31| .707—1 | .739 | 418 | .315} .141 44| ,78—1 | 915 226 | ,130 | 095 | irr?
38| .707—1 | 764 | 469 | .265 | (55 70 .799—1 | .823 | 384§ .184 | .032
69| .700—1 | .690 | 515 | .293 | 195 8| 799—1 | 787 | 438 | 214 | .141
84! 711—1, 773 | 484 | .167 | .130 4! 7991 | 829 | 407 .268 , .155:
25| 712—1 | 813 | 415 .305| .130 431 830—1 | .716 | 554 | .212 | .130
59| ,714—-1| 668 | 485 | .391 ! 296
51| .716—1 | .681 | 546 | .279 | .187
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consipicuously absent. There is only one variable (No. 11) which
seems to be on the c; level. All cluster type variables being of
nearly the same absolute magnitude, it seems that the absence
of the ¢ levels is real. The black disks indicating the individual
stars are mainly concentrated along the level a,. Only relati-
vely few are on or near the level a,. In the diagram two stars
have an abnormal position viz. the nos. 21 and 44. The point
indicating the system 21 is in the area of the irregular varia-
bles. Miss Wright[’] does not state whether the system is irre-
gular or not, but from her figure 1 it might be inferred that
the successive maxima are of unequal height. I have therefore
tentatively indicated this system as being irr.

The point indicating the system 44 is near, but slightly to
the right and below the area which previously was found to be
occupied by the irregular systems.

Consequently the system 44 may also be an irregular varia-
ble, but it may also be that the period needs revision.

The apparent magnitude of the system 28 seems to be larger
than that of the other wvariables, but its A(2) value is quite
normal.

In the diagram 2, the point indicating this system compares
well with the other systems and nearly coincides with the a,
level.

Altogether there are marked differences between the distri-
bution in the correlation plane of the variables in & Cent. M 3,
M 5, M 53 and N. G. C. 3201. ‘

As yet it is not quite evident what the explanation of these
differences should be. It may be that they are related to the
ages of the clusters. However, before any conclusions can be
drawn, an analysis of additional clusters is needed.
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