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PERIOD CHANGES OF RR LYRAE VARIABLES
IN THE GLOBULAR CLUSTER MESSIER 5

By Christine 'SI. Coutts and Helen Sawyer Hogg

Abstract

The purpose of this investigation is to study period changes in RR Lyrae variables

in the globular cluster M5. The study is based mainly on a collection of 167 plates

taken between 1936 and 1966 at the David Dunlap Observatory. Some 64 photo-

graphs taken by Dr. Harlow Shapley in 1917 with the 60-inch telescope on Mount
Wilson have also been measured.

Studies of this type which have been carried out for other globular clusters are

briefly discussed. The methods for studying period changes using a phase-shift

diagram are explained.

A total of 66 RR Lyrae variables has been studied in Mo. Of these, 16 have
irregular periods, 18 have been constant, 20 have shown increases (median rate

0.05 =fc 0.02 days per million years) and 12 decreases (median 0.075 ± 0.02 days per

million years) in period during an interval of about seventy years. It seems not

possible at present to attach any evolutionary significance to these changes.

Introduction

Messier 5 is in third place among the globular clusters which are

richest in variable stars (co Centauri and Messier 3 supersede it). The
only study of period changes of the RR Lyrae variables in this cluster

was made 27 years ago by Oosterhofif (1941), based on oI)servations

obtained up to the year 1935. Messier 5 is therefore a cluster very

suitable for a study of changes in period. One of us (Sawyer Hogg) has

taken a series of 13G photographs of this cluster witli the 74-inch

telescope between 1936 and 1964 inclusive.

An additional series of 31 plates was taken by Coutts on four nights

in 1966 with the 74-inch telescope at the David Dunlap Observatory,

after this investigation was begun. Dr. H. W. Babcock kindly lent us

some plates taken by Dr. Harlow Shapley with the 60-inch telescope

at Mount Wilson Observatory in 1917. Although these plates were
studied previously (Shapley 1927), the individual observations were
never published and so these plates were remeasured. The measures of

the David Dunlap and Mount Wilson plates form the basis for the

present investigation.

In addition, a number of published observations of the variables in

M5 are available, from 123 photographs taken between 1889 and 1912

by Bailey (1917), and from 81 photographs with the 60-inch Mount
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Wilson telescope in 1934 and 1935 by Oosterhoff (1941). When all this

material is considered, M5 can be studied over an interval of more

than seventy years. It is important to find what characteristics of the

period changes of the RR Lyrae variables in AI5 are similar to those in

the other clusters which have been studied already.

Other Studies oj the Period Changes of RR Lyrae Variables in

Globular Clusters

About ten globular clusters have been investigated for period

changes. The results, on the wiiole, do not indicate any particular

trend in changes in period of the RR Lyrae stars. Some variables have

constant periods. Some have periods which are secularly decreasing

and others Avhich are secularly increasing. In most clusters, there

appears to be no preference for periods to increase or decrease. The

clusters which have been investigated specifically for period changes

are listed in Table I, in order of decreasing number of variables.
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The RR L\Tae stars in w Centauri exhibit a distinct tendency for the

periods to increase. For about 70 per cent of the stars investigated in

this cluster, the periods show secular increases while the others

decrease, remain constant or fluctuate. The median rate of change of

period for 47 variables classed as RR a,b types investigated by
Belserene (1964) is an increase of 0.11 days per million years.

The RR Lyrae variables in M3, on the other hand, do not exhibit

such a tendency. Szeidl (1965) has studied 112 variables. Of these, 22

have periods which are increasing at an average rate of 0.18 days per

million years and 25 have periods which are decreasing at an average

rate of 0.20 days per million Aears. Of the other periods, 7 have re-

mained constant and the rest are fluctuating. The average rate of

change of period of all the stars is a decrease of 0.02 days per million

years, but the median rate is zero. Thus the RR Lyrae variables in M3
behave in a different manner from those in co Centauri. Belserene

(1964) has pointed out, however, that the period-amplitude relations

for tliese two clusters are also different, and therefore she notes that

conclusions based on the observations of RR Lyrae variables in one

cluster are not necessarily applicable to the class of variables as a whole.

In A 115, there are a few more stars with increasing periods than with

decreasing, hut the tendency,' to increase is not as marked as that in

oj Centauri.

In the other clusters investigated, there are approximately equal

numbers of stars with increasing and decreasing periods. Margoni

(1967) in his work on A 153 has suggested that sine curves can be fitted

to the phase-shift diagrams for five of the stars on tlie basis of the

present observations. This implies tliat the period changes are periodic

and if this be true, we can not attach any evolutionary significance to

the values of /3 computed for otlier stars. The quantity /3 is the rate of

change in the period in days per day as defined by Martin (1938).

For A15, Oosterhoff (1941) used observations from 1895, 1896, 1897,

1912, 1917, 1934 and 1935. He considered 41 stars of RR Lyrae types

a, b and found that the average period change was an increase of 0.05

days per million years, with 25 periods increasing and 15 decreasing,

and 1 remaining constant. The tendency for periods to increase is

therefore not as marked as in w Centauri.

Theory of Investigation of Period Changes

To investigate changes in period among RR Lyrae stars, a reason-

ably accurate period is needed, i.e., it must satisfy the observations

over an interval of one or two years. The light curve is derived by
reducing all the observations of the star to one cycle of light variation.
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Fig. 1—Light curve of an RR Lyrae variable (phase in fractions of period).

A certain period, P, is assumed and a reference epoch at time E is

adopted. All the observations at the different times, /, are reduced to

one cycle of period, P, at epoch E, such that: phase = {t — E)/P.

This is the number of cycles of length P, which have elapsed between

epoch E and time /. The phase adopted at time / is the fractional part

of this number. When phases are computed at a series of times /, a

light curve can then be plotted. If the period is constant and correct,

the scatter on the light curve should be that expected from the

accuracy of the observations. However, if the scatter is larger than this,

the assumed period is incorrect or varying or both. The method used

to examine the behaviour of the period is to plot a phase-shift diagram.

There are five cases of the phase-shift diagram, described below.

Case 1: Assumed period incorrect

Suppose that the true period is a, and that an incorrect value P has

been assumed in computing the phase for the light curve. Then the

resulting displacement in phase is given by:

A phase = t - E

where AP = a — P.

= (/-£)

__ {t - E)
- P'

- P
Pa

AP,

If A phase is plotted against /, a straiglit line results, and the true

period can be determined from the slope of this line, AP/ P^.

Case 2: Period changing at a uniform rate

Suppose that the period is not constant, but instead, changes at a

constant rate /3. If the period at time E is a, then the period at time t is
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TIME TIME TIME

Fig. 2—Phase-shift diagrams for a star of constant period: (a) a, the true period,

> P, the assumed period (b) a < P, {c) a = P.

given by: P = a + jS(/ — E). Since the period is changing at a con-

stant rate, the true phase at time t should be given by:

/ - E

a +
I

(/ - £)

The phase calculated assuming a constant period, a, is: (/ — E)/a.

Hence, the displacement in phase (or phase-shift) at time / is:

A phase =
a

t - E

« + !(/-£)'

/ - E
a Li-{i-£(^-^)fj

^(t - EY
2a-

/•here ^ (/-£)«!.
Za

In this case, if A phase is plotted against /, the result is a paral)ola with

a vertical axis, with equation:

A pliase = A + Bt + Ct^

where C = 13/ 2P- day"'-. If the parabola is concave upward, /3 is

positive, and the period is increasing. If the parabola is concave

downward, the period is decreasing.

Case 3: Assumed period incorrect and period changing at a uniform

rate

Suppose that the assumed period is not the true period at time E
and that the period is changing at a constant rate. Indeed, if the
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TIME TIME

Fig. 3—Phase-shift diagrams for a star with period changing at a uniform rate:

(a) /3 > 0, period increasing; (b) /? < 0, period decreasing.

period is changing, it is very difficult to determine the period precisely

at any given moment. In this case, the phase shift at time / is given by:

A phase = t - E
P

E
&

t - E t - E t - E
P

t - E
a

a + f (/ - £)
+

/ - E

^^(/-E)+^,(/-£)^

Thus, a plot of A phase against time once again results in a paral)ola

witli a vertical axis (see figure 3). The value of /3 is again determined

from tlie coefficient of the /- term /3/2P-.

Case 4: An abrupt change in period

If the period changes al)ruptly, rather than gradually, the phase-

shift diagram consists of two straight lines with different slopes. If the

TIME

Fig. 4—Phase-shift diagram for a star whose period changes abruptly.
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slope of the second line is greater than that of the first, an increase in

period is indicated. The amount of change in tlie period is related to

the difference in slope l)et\veen the two lines: \P = (A slope) P-.

Case 5: Irregular changes in period

Many phase-shift diagrams have a more complicated form than

those described above. In such cases, it is difficult to predict long-range

period changes. An increase in slope indicates an increase in period and

a decrease in slope, a decrease in period. However, if these changes

occur in an irregular manner, it must lie assumed that the period

changes are random.

Obviously the phase-shift diagram can give important information

regarding the behaviour of the period of a star. In the past, most

investigators have assumed a parabolic form for the phase-shift

diagram (rather than a more complicated curve) to determine the

period change. According to Belserene (196-1), (3 is a. useful parameter

for describing the extent of the variation in period. She adds, "It is the

average rate of period change if the true rate lias \-aried." However,

Makarova and Akamova (19G5) in a study of RR Lyrae variables of

Alio find that for about 50 per cent of the stars they studied, the

period changes are abrupt, i.e., the phase-shift diagram is represented

better by two intersecting straight lines than In' a parabola. This is also

a simple assumption, but it is difficult to determine the rate of period

change when the observed quantity is its amount.

In the present investigation, the period change is determined by

both methods.

Present Investigation

The globular cluster A 1 5 lias a total of 98 variables (Init tlie vari-

ability of one, no. 51, is questionable). There are two W V'irginis

variables (nos. 42 and 84), one irregular (no. 50), one SS C^'gni (no.

101) and 93 RR Lyrae. Of the RR Lyrae stars, 91 have periods

determined (Bailey 1917, Shapley 1927, and Oosterhoft" 1941). Sixty-

eight are of type a, b and twenty-three are type c.

The plates used with the 74-inch reflector were Eastman Kodak
103aO. Sixty-six RR Lyrae stars (50 of type a, b and 16 of type c) and
the two \V Virginis stars could be studied on tliese plates. Most of the

stars were measured with a Cuft"e>- iris astrophotometer, but the

magnitudes of variables 6, 13, 14, 27, 33, 34, 38, 45, 63, 67, 69, 83 and
98 were estimated by e\e.

A sequence of [photoelectric li, V standards determined bv Arp
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(1962) was used to reduce the data. Arp's B magnitudes were converted

to photographic magnitudes by his relations:

B = Wpg + 0.23 - 0.16 CI
V = nip^

CI = ntpg — ?;Zpv.

In addition, each plate was examined for the visibility of an SS Cygni

star discovered by Oosterhoff (19-41), but it was not detected. The
limiting magnitude of many of the David Dunlap plates, whose

exposure times average onh' 3 minutes, is at a brighter magnitude than

the maxinumi, ;;?pg == 17.16, at which Oosterhofif observed this star.

The observations (photographic magnitudes) are listed in Table III

where the first column gives the plate number (for variables 1-27), and

the second column the heliocentric Julian da},' \\ith the first two digits

(24) omitted. In subsequent sections of the tal)le the plate numbers

are not repeated. Measures could be made on 157 plates.

Thirty-three plates taken by Shaple},- in 1917 with the 60-inch

Mount Wilson telescope were also measured. Some of the plates had

two exposures of the cluster so that there were 64 photographs alto-

gether, with exposures usually 2 or 3 minutes. All tlie variable stars

except variables 6, 33, and 38 were measured with the iris photometer,

while the others were estimated visually. Some of the stars measured

on the David Dunlap plates (variables 13, 27, 84 and 98) could not be

measured on the Mount Wilson plates owing to the double exposures

on the latter. The presence of two exposures on one plate has the effect

of crowding the field, particularh- in the nuclear region of the cluster.

The observations (photographic magnitudes) from the Mount Wilson

plates are listed in Table IV. The first column gives the Mount Wilson

plate number for the 32 plates whose quality- permitted measures, and

the second column gives the heliocentric Julian day with the first two

digits (24) omitted. From these two columns the plates witli two

exposures can be identified. We made ever\' efiort to determine which

exposure was made first, but we cannot guarantee that the decision is

always correct. Tlie time difference between the two exposures is so

small that we used the means of the times and of the magnitudes.

On both series of plates, no correction was made for background

light whicli has the efifect of making the stars in dense regions of the

cluster appear too bright. There are no photoelectric standards in

these regions, and correction for background intensity without such

standards could introduce additional uncertainties into the results.

These two series, totalling 200 plates, along with the values from 123



TABLE III

Photographic [Magnitudes from the David Duxlap Plates
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Plate

819
828
829
830
831
838

1107
1122

1285
1976

1990
2005
2012
2029
2108
3246
3259
3269
3284
3296
3310
3325
5706
5720
5804
5817
5832
5839
6855
6868
7852
7867
7935
7952
7971
7989
8008
8115
8801
8804
8807
8810
8813
8816
8819
8827
8830
8833
8836
8839
8842

Julian Day

28308.736
8309.651

.661

.670

.677

.796
8365.608
8366.608
8399.596
8688.640
8089.640
8692.632
8693,730
8696.631
8715.638
9071.660
9072.698
9073.605
9076.603
9077.600
9078.600
9079.602
9786.609
9787.608
9813.610
9814.612
9815.613
9816.611

30171.617
0172.615
0519.606
0520.606
0550.608
0553.604
0554.614
0555.629
0556.620
0586.572
0880.592

.623

.659

.690

.730

.760

.788
0883.593

.630

.664
0884.622

.651

.680

TABLE III. PHOTOGRAPHIC ALAGNITLlDES FE

No. 1 No. 2 No. 3 No. 6 No. 7 No. 8 No. 9 No

15.3

15. 25
15.28

15.45
15.4
15.39

15.

15.

14.

3

4

55

15.47
15.42
15.34

14.68
14.56
15.45
15.4
15.41
15.48
15.44
15.52
15.44
15. 53

15.41
14.97
15.06
15.32
15.39
15.39
14.75

15.49
15.22

15.4
15.36
15.1

15.29
15,47

15.17 14.74 15.05 15.3

15. 19

15.29
15.43
15.43
15.39
14.81

15.42

15. 5

15.62

15.58

15.47
15.44

15.6
15.58
15.25
15. 58

15.37

15.4
15.81
15.44
15.21
15.02

15.53
15.54

14.15
14.46

15.54
15.66

14.76
14.86

15. 11

15. 17

15.39

15.38

15.48 14.97
15.5? 15.21
14.77 15.51

15.51 15.41
15.47 15.3
15.23 15.33

15.45
15.43

,45

,45

15.05
15.44
15.21
14.96

14.84
15.39
15.47
15.41
15.15
14.92

15.

15.

45
3

15.0

14.85
14.85
15.25
14.9

14.85
14.6

14.9

14.85
15.05

14.5
15.05
15.05
14.0:

15.0:

14.96
14.76
14.53
14.66

15. 56

35
,45

,50

15.31 15.15:

15.25
15.25
15.25
15.3
15.15
14.85
14.6
14.5

14.9

14.55
15.25
14.85
14.4

15.25
15.0

14.78
15.27

14.74

15.01
15.12
15.43
15.31
15.01
14.75
14.4
14.41

15.40
15.41
15.37
15.43
15.66

15.45
15.28

15.33 14.6

15.36 14.85
15.43 14.9
15.44 14.95

14.55
15.0
14.92
15.11

15.6

15.48
15.42

14.65
15.20
14.76
15.40

15.35
15.35
15.21

15.43
15.44
15.3

15.51
15.54
14.95
15.13

15. 56

15. 5

15. 5

15.4
15.28
15.42
15.23

15. 5

15.75
15.56
15.40
15.05

15.43 14.4 14.57 15.

15.43
15.49
15.50
15. 55

14.80 14.9]

14.89
14.97
15.18
15.02

15.36
15.36

15.27
15.63
14.65
15.36
15.36
15.23

15.1
15.39
14.74
15.37

44
49

15.27
15.45
14.87
14.56

15.

14.82 15.5
15.31 15.5;

15.54 15.1

15.3 15.6;

15.25 15.4
15.01 15.5

15.21 15.45 15.6

15.

15.3

15.5

15.4

15.6

15. £

15. £

15.

S

15. f

15. <

15.]

15.^

14. J

15.

i

15.42 15. {

15.27 15.;

15.45 15.

i

15.35 14.!

15.0 14. (

15.31 15.1 14.71 14.67 14.55 15.

15.41 15.25 15.05 14.9 14.74 15.

15.41 15.64 15.35 15.25 15.19 14.80 15.32 15.
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THE DAVID DUNLAP PLATES

No. 11 No. 12 No. 13 No. 14 No. 15 No. 16 No. 18 No. 19 No. 20 No. 21 No. 25 No. 27
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Plate



17

No. 11



18

Plate
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No. 11 No. 12 No. 13 No. 14 No. 15 No. 16 No. 18 No. 19 No. 20 No. 21 No. 25 No. 27

55

15.5
14.69
15.2

15.7

15.79

15.69
15.63

14.32
14.87
15.63
15.64
15.9
14.23

15.33
15.77
14.3

14.82
14.61
15.07
14.73
15.27
15.57
15.48
14.81
14.82

15.43

15.25
14.95
14.95
14.95
14.9

14.65
14.95
15.15
14.95
15.2

15.15
15.15

15.2
14.8

14.85
14.9

14.95
15.15
15.0
14.95
14.85
15.4

14.8

15.25
14.85
14.75
14.7

14.85
14.5
14.65
14.65
14.55
15.5
15.2

15.6

15.4
14.95
15.3

15.5
15.65
15.6

15.0

15.0
14.65
14.7

14.8

14.8

14.9

15.35
15.2

14.95
15.18

15.06

15.28
15.08
14.68
15.31
15.25
15.28
15.24
15.2

15.2
15.14

15.58
15.01
15.02

15.21
15.04

14.95
15.15
15.1
15.08
14.81
14.83

15.17
15.15

14.84
14.20
15.03

14.49
15.11
14.49
15.20
14.14
14.72
13.88
14.81
14.16
15.12

15.22
14.92
14.75
14.49
14.13

14.77

15.23
15.26
14.84
13.75
14.76
14.26
14.41

15.30
15. 11

15.03
15.55
14.8

14.83
14.68

15.05
15.09

15.15
15.24
15.39
15.49

15.09
15.39
14.81
15.07
15.24
14.29
14.68
15.18
15.18
15.06
14.96

15.23
15.45

15.80
15.52
14.37
15.00
15.15
15.59
15.45
15.76
15.70
15.65
15.49
15.00
14.51

14.97
15.0
15.38
15.16
15.41
15.36
15.45
15.58
15.51
14.55
15.21
15.33

14.53
15.5
14.93

15.16

15.09
15.53
14.98
15.20
15.23
14.59
15.50
15.19

14.89

15.34
15.59
15.27
15.09
14.99
15.34
14.80
15.55
15.49
15.35
14.97
15.5

15.57
15.33
15.17
15.78
15.46
15.52
15.32
14.90
15.46

15.55
15.20
14.95
15.41

15.66

15.43
15.55
15.4
15.16
14.85
15.32
15.48
15.21
14.60
15.38

15.02
15.34

14.47
14.37
14.48
14.78

14.51
14.39
14.58
14.48
14.21
14.59
14.5
14.5
14.37
14.24
14.51
14.26

14.06
14.06
14.48
14.55
14.42
14.41
14.89:

14.42

14.35
14.36
14.45

15.8

15.6

14.6

14.85
15.15

15.4
15.6

15.5
15.6

15.6
14.95

15.25
15.3

15.4

15.

14.

15.6

15.25

15.6

14.95

14.48
14.45

15.12

15.25 15.5
14.7

15.0

15.35

14.8
14.9

14.58
14.65

15.15:

15.29

14.88

14.89
15.05
15.27

15.1
15.17

14.42
14.31

15.35 14.88 15.38 15.34 15.13 14.65 14.54

14.8

15.43:

15.60
15.72
15.73
14.87
14.98
15.14
15.05
14.95
14.72
14.40
14.36
14.97

14.76
14.9
14.89
15.3

15.33
15.32

15.15
15.25
15.3

14.8

14.9
14.9
15.2

15.15
14.

14.

14.55
14.5
14.85
14.8

14.95
14.85
14.85

15.6
15.65
15.5
15.6

15.55
15.5
15.3

15.25
15.65
15.45
15.65
15.55
15.4

15.55
15.5
15.55
15.35
15.25
14.4

14.35

14.84
14.93
14.93
15.07

15.09
15.0

14.92
14.88
14.97
15.15
15.06
15.25
15.19
15.4
15.25
15.27
15.14

14.99
14,95

15.22

15.22
15.35
15.13

14.82
15.

14.

15.

15.

05

88

18

11

15.34
15.09
15.31
14.03
14.33
13.90
13.98
13.93

14.40
14.37

15.03:

14.77
14.65
14.97
15.34
15.17
15.22
15.14
15.22
15.36
15.

15.

12

23

14.97
15.19
15.28
15.42
14.92

14.96
14.81

15.45
15.67
15.47
15.78
14.93
14.89

15.05
14.98
14.91
14.83
14.39
14.47
14.63

14.72
14.93
14.81
15.2

15.32
15.37
15.6
15.17

14.48
14.46
14.76
14.55
15.25
15.39
15.26
15.31
15.55
15.35
15.22
15.58
15.4

15.36 15.41
15.25 15.32

15.01
15. 17

15.15
15.29
15.28
15.22
15.31
15.31
15.22
15.51
14.98
14.88
14.31
14.45
14.59
14.50
14.83

14.99
14.98

14.05

14.25
14.18
14.30
14.25
14.22

13.97
13.92

14.63
14.67
14.57
14.62
14.41
14.52
14.47
14.66
14.39

14.01
14.02

15.5

15.25?
15.6

14.8

14.85
14.8

15.5
15.5
15.35

15.4
14.65
14.55
14.7
14.6

15.2

15.3
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Julian Day No. 28 No. 29 No. 30 No. 31 No. 32 No. 33 No. 34 No. 35 No. 36

28308.736 15.3? 15.25
8309.651 15.4 14.9

.661 15.33 15.6 15.6 15.1 15.6 15.5 15.20 15.13 14.85

.670 15.25 15.5 15.43 14.99 15.49 15.3 15.05 15.10 14.95

.677 15.35 15.42 15.09 15.43 14.85? 15.10 14.9

.796 15.27 15.4 14.89 15.09 15.36 15.0 14.80 14.70 14.95
8365.608 15.1 15.53 15.34 14.96 15.57 14.9 15.20 14.75 15.05
8366.608 14.62 15.65 14.83 15.18 14.34 15.0 15.1 14.98 15.25
8399.596 15.56 15.52 15.44 15.00 14.7 14.4 14.8 15.17 14.9
8688.640 14.9:

8689.642
8692.632 15.29 15.3 15.35 14.87 14.97 15.1 14.65 15.10 14.7
8693.730 15.30 15.42 15.37 15.29 15.48 15.3 14.95 14.77 14.7
8696.631 15.47 15.6 15.35 15.15 15.40 15.2 14.55 15.18 15.15
8715.638
9071.660 15.02 15.47 15.33 14.92 14.8 15.05 15.08 14.7

9072.698 15.02 15.42 15.35 15.32 15.38 15.1 14.9 14.99 14.9

9073.605 15.50 15.75 15.21 15.19 15.25 14.9 15.5 14.89 14.75?
9076.603 15.4
9077.600 14.4

9078.600 14.4 15.1 14.55:

9079.602 15.27 14.64 14.69 15.10 15.32 14.7 14.95: 15.30
9786.609 15.39 15.19 15.06 15.42 15.46 15.75 15.35 15.12 14.9
9787.608 15.39 15.55 15.53 15.17 14.61 15.55 15.1 15.20 15.25
9813.610 15.26 14.96 15.46 15.19 15.57 15.25 14.66 15.1
9814.612 14.87 15.20 15.25 15.49 14.65 15.5 15.35 14.94 15.25
9815.613 15.11 15.34 15.13 15.23 15.4 15.1 15.23 14.65
9816.611 15.42 15.52 15.38 15.19 15.44 15.15 15.2 15.15 14.95

30171.617 15.36 14.78 14.97 15.24 15.30 15.4 14.95 15.22 14.7
0172.615 15.23 15.26 15.53 15.43 14.75 15.6 15.13 14.9
0519.606 14.88 15.33 15.31 14.30 15.55 15.5 15.13 15.3
0520.606 15.33 15.26 15.15 15.6 15.35 14.85 15.25
0550.608 14.95 15.28 14.90 14.91 15.35 15.5 14.64 14.85
0553.604 15.25 14.87 14.98 14.90 15.12 15.25 15.5 14.71 15.35
0554.614 15.36 15.66 15.56 15.56 15.45 15.2 15.5 14.50 14.7?
0555.629 15.59 15.70 15.52 14.96 15.57 15.35 14.96
0556.620 15.00 15.43 15.24 15.03 14.92 15.25 15.45 15.03 15.55
0586.572 15.19 15.04 15.39 14.81 15.26 14.55 15.25 14.75 15.3

0880.592 15.05 14.65 15.2:

.623 15.37 15.70 15.37 14.85 15.50 15.3 14.8 14.66 15.05

.659 14.61 15.49 15.33 15.1 15.41 15.05 14.8 14.60 15.15?

.690 14.51 15.70 15.50 15.3 15.58 15.4 14.9 14.70 15.05

.730 14.79 15.50 15.50 15.39 15.31 15.3 15.1 14.81 15.0

.760 14.97 15.37 15.46 15.44 14.22 15.5 14.95 15.05 15,0:

0880.788
0883.593 15.05

.630 15.28 15.22 15.42 14.95 15.10 15.05 15.2 15.11 15.1

.664 15.50 15.45 15.42 15.14 15.39 15.40 15.2 15.00 14.9

0884.622 15.30

.680 15.32 15.61 15.25 15.42 15.60 15.55 14.95 14.70 15.0
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No. 38 No. 39 No. 40 No. 41 No. 42 No. 43 No. 44 No. 45 No. 47 No. 52 No. 55

14.75
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Julian Day



23

14.2
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Julian Day No. 28 No. 29 No. 30 No. 31 No. 32 No. 33 No. 34 No. 35 No. 36

34540.613
4572,602
4573.635
4574.602
4575.603
4929.623
5273.612
5274.609
5275.610
5307.600
5308.599
5309.600
5310.600
5658.601
5661.602
5685.588
5687.592
5688.590
6752.607
6753.602
7113.610
7115.636
7116.640
8198.614
8199.629
8584.628
8586.605
9262.779

.785
9265.585

.680

.684

.772

.816

.819

.847
9270.772

.776

.798

.803
9271.615

.619

.647

.651

.697

.701

.722

.725

.771

.776

.817

.820

15.39
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No. 39
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Julian Day No. 58 No. 59 No. 61 No. 62 No. 63 No. 64 No. 65 No. 66 No. 67

28308.736 15.25 15.05
8309.651

.661 14.65 14.93 15.51 15.60 15.35 15.1 15.15 15.40

.670 14.76 15.02 15.42 15.36 15.45 14.85 15.15 15.36

.677 14,86 15.01 15.38 15.36 15.5 14.85 15.10

.796 15.41 15.32 15.51 14.97 15.45 15.05 14.86 15.17
8365.608 15.46 15.27 14.62 15.51 14.95 15.6 14.41 15.05
8366.608 15.16 15.13 15.47: 14.98 14.8 15.5 14.57 15.10
8399.596 15.02 14.94 15.46 15.30 14.95 14.9 15.25 14.90
8688.640 14.65 14.7

8692.632 15.55 15.30 14.96 15.30 14.65 15.05 15.05 15.45 15.25
8693.730 15.44 15.37 14.91 15.35 14.95 15.05 15.2 15.48
8696.631 15.60 14.90 15.03 15.32 14.65 15.6 15.22 15.20 15.05
9071.660 15.09 14.62 15.42 15.29 15.45 15.15 14.68 15.29
9072.698 15.23 14.60 15.40 15.17 15.2 15.25 14.65 15.11 15.7
9073.605 15.18 15.42 15.00 15.36 15.25 15.0 14.53 15.5 15.15
9076.603 15.25
9078.600 15.1 15.0 14.85
9079.602 15.30 15.20 15.34 15.20 15.35 14.85 14.92 15.35 14.9

9786.609 15.65 14.78 14.69 14.98 15.25 15.7 14.92 15.42 14.5
9787.608 15.60 14.64 15.60 15.51 15.25 15.35 14.95 15.50 14.6

9813.610 15.56 15.01 15.48 14.97 15.25 15.65 15.16 15.36
9814.612 15.53 15.33 15.23 15.43 15.35 15.75 15.31 15.62 15.15
9815.613 15.51 15.37 14.68 14.90 15.25 15.7 15.30 15.47

9816.611 15.32 15.40 15.42 15.41 15.35 15.5 15.18 15.25
30171.617 15.15 15.30 15.0 15.00 15.25 15.5 15.01 15.5 14.95
0172.615 15.14 15.11 15.55 15.44 15.25 15.4 15.08 15.4 15.05
0519.606 15.64 15.24 15.02 15.18 14.5 15.55 15.04 15.44 14.75
0520.606 15.50 15.24 15.71 15.04 14.5 15.7 15.11 15.52 15.15
0550.608 15.28 15.20 15.37 15.08 15.25 14.55 14.95 14.94 15.05
0553.604 15.51 14.81 15.44 15.13 15.35 14.65 14.00 15.75

0554.614 14.47 15.77 14.83 15.45 15.75 13.96 15.57
0555.629 15.21 15.20 15.40 15.55 15.35 15.7 14.75 15.23

0556.620 15.33 15.06 15.03 15.35 15.65 14,68 15.01

0586.572 15.58 14.38 15.56 15.31 15.35 15.65 15.07 15.33 15.05

0880,592 15.25 15.55 14.9

.623 15.70 15.38 14.59 15.40 15.25 15.55 14.98 14.90 14.9

,659 15,45 15,30 14.70 15.38 15.35 15.55 14.96 15.02 14.95

,690 15,70 15.35 14.88 15.45 15.45 15.55 15.2 15.10 15.2

.730 15.57 15.34 14.89 15.07 15.35 15.55 15.10 15.28 15.15

.760 15.65? 15.37 15.08 14.99 15.35 15.7 15.22 15.44 15.6

.788
30883.630 15.59 14.42 15.21 15.01 15.25 15.0 15.15 15.45 15.45

.664 15.69 14.75 15.35 15.23 15.35 15.1 15.31 15.53 15.6

0884.622 14.7 15.15

.651 14.6 15.4

.680 15.66 14.45 14.95 14,92 15.35 14.75 15.26 15.46 15.75

.721 15.65 14.64 15.23 15.05 15.45 15.05 15.27 15.50 15.35
,771 15,5 14.90 15.30 15.10 15.35 15.15 14.03 15.11 15.1



No. 68 No. 69 No. 70 No. 71 No, 72 No. 73 No. 74 No. 75 No. 76 No. 77 No. 78

27
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Julian Day



68 No. 69 No. 70 No. 71 No. 72 No. 73 No. 74 No. 75 No. 76 No. 77 No. 78

29

15.0 15.8 15.45 15.17 15.21 15.65 14.16 15.32 14.82 15.20 15.34

15.25 15.7 14.82 15.20 15.05 15.47 14.18 15.57 15.10 15.30 14.

15.6
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Julian Day
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No. 68 No. 69 No. 70 No. 71 No. 72 No. 73 No. 74 No. 75 No. 76 No. 77 No. 78

15.15
15.15
15.25
15.4
15.45
15.15
15.05
14.85
14.85

14.9

15.25?
14.95
14.4
14.55
14.5
14.8

14.7
15.05
14.8
14.85
14.75
14.7
14.9

15.05

15.7

15. 55

15.05
15.4
15. 35
15.4
14.8
14.6

14.7

15.05
15.25
15.2

15.

15.

14.

14.15
14.4
15.6

15.6

15.4
14.8
14.4
14.85
14.8

15.21
15.23

15.06
14.75
15.77
15.13
15.69
15.52

15.54
15.16

15.35
15.63
14.73
15.21
15.73
15.19
15.21
15.73
15.46
15.75
15.7
15.54
15.60

14.51
14.72

15.90
14.95
14.93
14.69
15.66
15.47

15.55
15.51

15.34
14.27
14,16
14.51

15.10
14.25
14.35
14.36
15.48
15.28
15.44
15.38

14.45
15.47
15.4

15.05
15.74
15.57
15.57
15.15
14.77
15.34

14.91
15.53
15.30
15. 16

14.57
14.62
15.55
15.12
14.87
15.25
14.74
15.45
15.03

15.15
15.25
15.23
15.43
15.50
15.25
15.51
15.49
15.59
15.40
15.25
15.23
14.87

14.69
14.85
14.85

14.95
15.28
15.56
15.28
16.0
15.56
15.28
15.43

13.42
14. 19

13.50
14.29
14.20
13.79
14.39
14.34
13.57
13.96
14,28
14.57
13.88
14.05

14,32
14,02
13,88
14,15
13.85
14.10
14.34
14.28
14,36
14,08

15,63
15,64

15,35
15.06
15,30
15.20
15.39
15.28

15,49
15.15

14,85
15,49
15.17

15,48
15,07
15,64
15.48
15.39
14.99
15.47
15.16
15.42
15.40

15.01
15. 19

14.73
15.20
14.83
14.89
14.79
15,15
15,09
14.71

14,79
15,30
14,86
14,81
15,17

14.85
15.28
14.89

16
99

14.79
14.95
15.20

14.91
14,95
14,75
14,79
14,91
15.28
15.02
15.34

15.43
15.01

14,82
15.38
14.78
14,84
14.88
15.30
15.10
15.34
15.07
14.78
15.07
15,03
15, 12

15.07
14,79
14.66
14.97
15.33
15.01
15.07
14.86

15.25
15.34

15.13
15.23
14.75
14.86
14.87
14.97
14.82
15.29
15.21
14.96
14.75
15.03
15. 12

15.25
15.2
14.9

14.85

15.25

15.

15,

15

2

15.25
15.35
15.

15,

15,3

14,95
14,9
15,15
15.15

15.4

15.1
15.25
15.2

15.35
15,3
15.2

15.15

15.4
14.5
14.5
14.85

15.

15.

15.6

15.7

15.65
15.7

14.95
15.25
15.25
15.6

15.6?
15.6
15.6
15.65
15.65

15.7
15.5

15.28

15.36

15.00
15.31
15,43
15.65
15.46
15,27

15,35
15,4
15,35
15,58
15.92
15,58

15,76
15,50
15,91
15.05
15.20
14.73

14.90
14.93

14.63

15,0

15,05
14,97

15.07
15,16
15,26
14,5
14,67
14.79
14,89

15.25
15.53
15.27

15.41
15.37
15.61
14.70
14.60
14.56

14.92
14.92

15.03 15,74 14.42 15.35 15.06 15,13 15.31
15,13 15,63 14,32 15,30 15,05 15,05 15,34

14.55
15.12
15.26
15.20

14.73
14.83
14.91
14.89
15.09
15.42
15.07
15.31
15.53
15.78
15.58
15.67
15.42

14.85
15.27:

15.34
15.46
15,51
14,89
15.06
15,05
14,73
15,41
15,60
15,55
15,51
15,36
15,48
15.11

14.95

13.78
14.23
14.08
14.15
14.03
14.00
13,93
14,03
14.15
13,84
13,77
13,97

14,02
13,72
14.07
14,07
14,11
14,25

15,60
15.35:
15,57
15.47
15,56
15,23

15. 10

15,19
15,01
14,85
15.09
15.21
15,20
15.28
15.15
15.27
15.16

15.34

15.00
14.76:

15.14
14.93
15.25
15,11
15,04
14.96
14,85
15.01
15.06

14.83
14.90
14.87
14.80
14.90
14.68

14.77

15.46
15.23
14,90
14.77

14.90
15,51
15.36
15, 55

15,46

15,39
15.51
15,40
15,38
15.32
15.05
14.90
14.79
14.79

15,07
14.92:

14.81
14.90
15.06
14,95

15. 10

14.71
14.79

14,80
14.94
14.90
14.83
15.15
15.23
15.27
15.34

14.89 14.87
14.79 14,73

14,27 15.55 14.90 14.73 15.06
14.30 15.42 14.87 14.64 15.06
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Julian Day
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No. 79 No. 80 No. 81 No. 83 No. 84 No. 87 No. 92 No. 98

30899.602
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Julian Day



TABLE IV

Photographic Magnitudes from Mount Wilson Plates
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TABLE IV PHOTOGRAPHIC MAGNITUDES

Plate Julian Day No. 1 No. 2 No. 3 No. 6 No. 7 No. No. 9 No. 10 No. 11 :

3686P
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FROM MOUNT WILSON PLATES

^o. 12 No. 14 No. 15 No. 16 No. 18 No. 19 No. 20 No. 21 No. 25 No. 28 No. 29 No. 30

5
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Plate Julian Day No. 1 No. 2 No. 3 No. 6 No. 7 No. 8 No. 9 No. 10 No. 11

3761P 21375.863 15.85 15.34 14.95 14.48 15.85 14.92 16.0 15.45

3763P .886 15.43 15.28 15.24 15.0 14.87 15.56 14.80 15.38 15.96

.887 15.55 15.47 15.20 14.94 15.43 14.82 15.47 15.88

3764P .905 14.50 15.68 15.35 14.9 15.35 15.62 14.85 15.70 15.62

.907 14.81 15.53 15.22 15.40 15.62 14.91 15.62 15.48

3766P .926 14.38 15.18 15.46 14.85 15.01 15.40 15.20 15.60 15.31

.928 14.32 15.20 15.42 15.24 15.35 15.22 15.66 15.53

3767P .946 14.31 15.03 15.40 14.75 15.13 15.09 15.12 15.50
.948 14.38 14.97 15.45 15.23 15.01 15.26 15.66

3849P 21435.746 15.45 15.62 14.82 14.65? 15.05 15.45 15.35 15.53 14.57

Plate Julian Day No. 31 No. 32 No. 33 No. 34 No. 35 No. 38 No. 39 No. 40 No. 41

3686P 21338.885 14.75 15.65 14.55 15.80 14.90 14.6 14.30 15.10 15.58

.887 14.70 15.75 15.90 14.85 14.37 15.10 15.75

3694P 21339.696 15.43 15.30 15.25 15.88 15.5 15.35 14.83 15.36

.699 15.43 15.25 15.87 15.19 15.34 14.76 15.27

3696P .719 15.40 15.43 15.3 15.25 14.90 15.5 15.40 14.90 15.53
.721 15.32 15.51 15.22 15.43 14.90 15.48

15.80
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12 No.
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Plate
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No. 42 No. 43 No. 44 No. 45 No. 47 No. 52 No. 55 No. 58 No. 59 No. 61 No. 62 No. 63

12.2
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Plate Julian Day No. 64 No. 65 No. 66 No. 67 No. 68 No. 69 No. 70 No. 71 No.

3716P 21339.995 14.64 15.35 15.25 15.28 15.60 15.48 15.70

3717P 21340.010 15,45 15.10 15.3 15.10 15.67 15.55 15.70

.012 14.40 15.38 15.05 15.15 15.58 15.60 15.48

3718P .015 14.52 15.23 15.35 15.5 15.10 15.65 15.75 15.47

3748P 21375.679 15.73 15.70 14.9? 16.0? 15.80 15.90?

.680 15.39 15.50 15.66? 15.54 15.80?

3750P .695 15.51 15.73 15.65 15.05 15.65 16.00 15.80 15.13

.697 15.47 15.65 15.60 15.70 16.00 15.85 15.15
3751P .718 15.46 15.76 15.66 15.05 15.52 16.05 16.00 14.36

.719 15.35 15.82 15.81 15.53 16.05 15.92 14.50
3754P .766 15.75 15.64 15.12 14.55 15.12 15.85 15.79 14.50

.768 15.59 15.45 14.96 15.05 16.05 15.95 14.41

3755P .790 15.43 15.72 15.09 14.55 14.75 15.85 15.85 14.58

.791 15.25 15.80 15.05 15.02 15.80 15.80 14.79
3757P .807 15.35 15.84 15.03 14.5 15.40 16.05 16.05 15.31

.808 15.35 15.60 15.13 15.35 16.05 15.95 15.30

3758P .827 14.35

3760P .845 15.67 15.75 14.85 14.45 14.93 15.65 15.55 15.22

.846 15.53 15.45 14.90 14.79 15.83 15.50 15.08

3761P .862 15.68 14.70 15.08 14.7 14.73 14.95 15.85 15.60

.863 15.40 14.58 14.76 14.53 15.63 15.25
3763P .886 15.70 14.35 14.95 15.1? 14.67 13.70 15.75 15.10

.887 15.32 14.39 14.77 14.77 13.85 15.60 15.19

3764P .905 15.85 14.45 14.67 15.15 14.90 13.90 15.95 16.00

.907 15.53 14.65 15.02 15.21 13.85 15.62 15.67

3766P .926 15.17 14.95 15.13 15.25 14.85 13.93 15.79 15.60

.928 14.96 14.67 15.14 15.12 13.90 15.78 15.72

3767P .946 14.56 14.53 15.30 15.25 15.60 14.53 15.97 16.15

.948 14.59 14.62 15.30 15.64 14.45 15.82 16.0

3849P 21435.746 15.41? 15.07 15.19
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<io. 73 No. 74 No. 75 No. 76 No. 77 No. 78 No. 79 No. 80 No. 81 No. 83 No. 87 No. 92

14.90
14.85
14.82
15.20
15. 15?

14.93?
14.88

14.93

il5.07

115. 12

115. 17

115.40

|l5.21

15. 19

!l5.50

15.57

il5.40

115.32

;i5.40

115.17

15.

15.

15

19

14.16
14.24
14.35
14.40

13.93?
14. 10?

13.88

13.78
13.79
13.88
13.75
13.90
13.60
13.90
14.05

00

17

lis.oo

15.28

13.95
14.01
14.25
14.15
14.00
14.18

13.95
13.88
14.13
14.17
14.21
14.25
14.08

15.42
15.32
15.32
15.30

15.66?
15.50?
15.42
15.47
15.40
15.39
15.50
15.45
15.43
15.45
15.65
15.61

15.47

15.45
15.80

15.61
15.15
15.20
15.02
15.45
15.18
15.12
15.17
15.17
15.20

14.53
14.53
14.72
14.60
15.43?
15.30?
15.10
15.12
14.88
15.04
15.04
15,00
14.80
14.94
14.80
14.75
14.23

14.77
14.72
14.78

14.85
14.51
14.69
14.85
15.03

15. 18

15. 12

15.18
15.23

15. 10

14.60
14.49
14.63
14.60
14.88?
14.91?
14.89
14.95
14.84
14.90
15.01
15.05
14.90
15.02
15.25
15. 10

15.22

15.17
15.17

15.10
15.05
15.03
15.15
15.35
15.28
15.42
15.30
15.41

14.91

15.05
14.99
15.05
15.25
15.52?
15.32?
15.15
15.24
15.16

15.30
14.75
14.87
14.98
14.86
14.88
15.25

15.00
15.18
15.60

15.33
15.44
15.27

15.20
15.21
15.25
15.50
15.27
15.48
15.28

14.84
15.02
15.00
14.87

14.90

15.00

14.85

14.90

14.83

14.70

14.67

14.54

14.63

15.23

14.91 14.57

14.94
15.10

14.70

14.70

14.85

14.69

15.22

15.10

15.23

14.72

15.56

15.27

14.83

14.67

15.16

14.63
14.82

15.12?

14.83

14.57

14.79

15.02

15.91

15. 17

15.53

15.46

15.70

15.18

15.33

15.41

15.37

14.98

14.69

14.47

14.95

15.55

15.35

15.48

15.29

15.85

16.05

15.28

15.52

15.53

15.11
14.81
14.98
15.25

15.70?
15.25
15.35
14.89
15.09
15.25
15.32

15.25
15.02
15.21
15.02

15.05
15.00
15.84

16.00
14.87
15.07
15.21
15.40
15.35
15.66
15.33
15.53

15.05

13.93
14.06
14. 15

14.17

14.32
14.10
14.35
14.20
14.07
14.05
13.43
13.39
13.52
13.48
13.59
13.53

13.77
13.79
13.80
13.86

14.00
14.07
14.0

14.00
14.02
14.15
14.02
14.13



44 Christine M. Coutts and Helen Sawyer Hogg

plates published by Bailey (1917) and from 81 by Oosterhoff (1941)

were used to investigate the period changes of the RR Lyrae stars in

M5.
The reciprocal periods given by Oosterhoff (1941) were used in

determining the light curves. The phases for the light curves were

computed from the formula:

phase
Julian Date of Observation - 2400000

Separate light curves were plotted for the following epochs: 1889,

1895-96, 1897-99, 1901-02, 1904-05, 1908, 1912, 1917, 1934-35,

1936-38, 1940-42, 1943-44, 1946-49, 1950-53, 1954-56, 1959-60,

1963-64, 1966. Figure 5 shows the light curves of variable 7 at the

various epochs. The light curve for each variable given by the 1934-35

observations of Oosterhoff was drawn on tracing paper. Each was then

fitted to the other curves by a horizontal shift. Thus the phase-shifts

relative to the epoch 1934-35 were determined. (A positive phase-shift

implies that the features on the light curve in question occur at later
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FiG. 6—Phase-shift diagrams (phase-shift in fraction of a period).

phases than on the 1934-35 curve.) Then a phase-shift diagram was
plotted.

No phase-shift diagrams were plotted for variables 2, 14, 18, 25, 35,

44, 52, 58, 65, 66, 67, 68, 72, and 92 because their light curves were too

irregular. The phase-shifts for tiie other 52 stars are listed in Table II

and their phase-shift diagrams are shown in figure 6.
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HARVARD
1895

MT WILSON DAVID DUNLAP
1917 ,1937

I
1966

1912 '

—I—

r

1934' 1943

M.I

HARVARD MT WILSON DAVID DUNLAP

1895
I

1917 |I937
, 1966

'

1912
'

1934! 1943
'"

a PHASE
-10

-10

•10

- 10

•10

- 10

I I I I—I—I—I—I—I—I—I—I—I—I—I—1—

I

1890 1905 1920 1935 1950 1965

—1

1—I
1—I

1 1—I
1—I

1—I

1 1 1 1
1

1890 1905 1920 1935 1950 1965

Fig. 6—Phase-shift diagrams (continued).

Determination of Period Changes

The changes of period have been determined in two ways: by
fitting parabolas to the points on the phase-shift diagrams to determine

the rate of period change, jS, and by fitting intersecting straight hnes to

the points to determine the amount of period change, AP.
Standard parabolas were plotted on transparent paper for 11 values
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Fig. G— Phase-shift diagrams (continued).

of /3/2P2 between IQ-i" and IQ-^ days-^. These were fitted visually to

the phase-shift diagrams and the values of ^ computed for each star

from tlie most suitable paraljola. Most of the phase-shift diagrams are

not true parabolas and there is an uncertainty of about 2") per cent in

the values of /3.
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+ .30
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TABLE V
Periods of Variables in M5

Var.

Epoch from
Oosterhoff

Period
days

Reciprocal
Period

j3 davs/
106 ^.j-

Rate
abrupt
change Notes

1
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TABLE V

—

continued
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changes, the tal)le hsts those with constant or irregular periods, and

six stars for which Oosterhoff (1941) found period clianges, but which

were not studied on the David Dunlap plates.

Discussion

From this study of the variables in Mo A\"ith observations over an

interval of 75 years, we have found that for 18 stars the periods are

constant, for 20 t\\e\ have increased, and for 12 they have decreased.

-1- .40
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145
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20

IS
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then there would be a correlation between the rate of period change

and the mean magnitude of the RR L^•rae stars. All the stars with

decreasing periods would be brighter or fainter than those with

increasing periods. An examination of 26 stars in A 1 3, using period

changes determined by Szeidl (1965) and mean mpg and nipy colours

determined by Roberts and Sandage (1955), does not indicate any

correlation between period changes and mean magnitudes, nor does an

examination of 14 stars in co Centauri, ^\ith the period changes

determined by Belserene (1964) and mean B, 1' magnitudes of Dickens

and Saunders (1965). However, these are very small samples.

An explanation for ol)served period changes based on evolution also

seems difficult l)ecause tlie patterns of observed period changes differ

from cluster to cluster. In a; Centauri, there is a predominance of

variables with increasing periods, while in M3, there are equal numbers

increasing and decreasing, and aliout half of the stars investigated

show irregular period changes. In M15 and M5, a significant proportion

of the stars investigated have periods which have remained constant

throughout the years of investigation. (Light curves for the variables

in M5 with constant periods are shown in figure 9.)

In the case of a variable whose period appears constant, it is possible

that the period is changing at a rate too slow to be detected, or that, if

the change is abrupt, it lias not occurred in the observed time interval.

Assuming that the periods of the stars in M5 change abruptly, the

period changes so determined are shown plotted against the values of

j8 determined from the assumption that the period varies at a constant

rate. With the exception of variable 98 (with an unreliable /?), the

points define a straight line with a slope slightly greater than unity

(about 1.2) which seems to justit\- the determination of rates of period

change by fitting intersecting straight lines to the diagram. This is

useful because many of the phase-shift diagrams (that of variable 19

in particular) resemble straight lines more than parabolas.

It is important to determine whether or not the period changes are

abrupt, because our interpretation of the ol)served constancy of period

for some of the stars depends on this. To do this, we must accumulate

observations for another 30 years and then plot new phase-shift

diagrams for the stars which appear to have constant periods at the

present time. If they do exhibit period changes, it will not be justified

to consider them as variables witli constant periods with regard to

.evolution.

Also we might arrive at tlie most suital)le interpretation of the
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Fig. 11—Projected period changes (days per million years) versus (in days per

million jears).

diagrams by reinvestigating tiie stars with observed period changes. If

the diagram is a parabola, then as different periods are tried, the para-

bola should retain its shape, but the position of the vertex should shift

so that it occurs on the time axis at the point where the assumed

period is actually the true period. If the diagram is best represented by

two intersecting straight lines, then the point of intersection should

always occur at the same time, as different periods are tested. The
slopes of the lines would change, but the difference in slope should

remain constant. This method is now being explored at the Asiago

Astrophysical Observatory for some of the stars in Mo. Before the

possible evolutionary interpretations of the period changes observed in

the different clusters can be considered, it is important that the signifi-

cance of the apparent constancy of period for some of the stars be

understood.

A very important point illustrated by this study is the necessity to

observe the clusters at least once every two or three years. When there
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are ten-^"ear gaps l)et\veen series of observations, it l)econies difficult in

many cases, to know how to draw the diagram.

From this investigation, it does not appear that the period changes

are caused by the effects of evolution. However, the time is approach-

ing when we might expect to be able to determine such changes.
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