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THE SCULPTOR DWARF SPHEROIDAL GALAXY
L DISCOVERY AND IDENTIFICATION

OF VARIABLE STARS

S.L. Th. J. Van Agt

Abstract

All 602 variable stars in the Sculptor dwarf spheroidal galaxy which have been discovered by

the author and by previous investigators are identified. Positions are given in rectangular coordi-

nates relative to the center of the distribution of the variables at RA (1950) = 0^57"M4^ ± 2^,

Dec (1950) = 34°0'23"±20".

For 64 variables preliminary periods are given.

The estimated total number of variables in the Sculptor gala.xy is 1050 ± 80.

Introduction

The discovery of the dwarf galaxy in Sculptor by Harlow Shapley (1938 a) and the

subsequent discovery of a similar object in Fornax (Shapley 1938 b) came when the

interest of astronomers was focussed strongly on the significance of the sequence of

galactic forms. They consequently attracted considerable interest.

In the Local Group ten Sculptor-type galaxies are now known. Table 1 includes the

recently discovered dwarf spheroidal galaxy in Carina (Cannon, Hawarden and Tritton

1977).

TABLE I

Sculptor-Type Galaxies

Name
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Distance And Dimensions

Shapley (1938 a) assumed correctly, on the basis of his scanty preliminary data,

that the stellar population of the Sculptor galaxy was in many respects comparable

with that of galactic globular clusters. On the assumption that the brightest stars

in the Sculptor galaxy would iiave an absolute photographic magnitude of about

Mpg= 1.5, Shapley (1938a) derived a distance of 80 kpc.

Baade and Hubble (1939) observed the Sculptor galaxy with the 100-inch Mount

Wilson telescope and were the first to discover, on a small number of plates, two

variables thouglit to be W Virginis stars and 38 RR Lyrae variables, the latter visible

close to the plate limit and only when they were near maximum luminosity.

On the basis of the observed mean maximum luminosity nip^ = + 19.12 for the

RR Lyrae stars. Baade and Hubble (1939) derived a distance of 84 kpc for the Sculptor

galaxy. For these stars they assumed a semi-amplitude of 0.5 mag. and a median abso-

lute magnitude of M = 0.0 Later corrections to the sequence in SA 68 (Stebbins,

Whitford, Jolmson 1950) used by Baade and Hubble for the transfer to Sculptor were

balanced by the shift of the median absolute photographic magnitude for RR Lyrae

stars to fainter values so that Baade and Hubble's value of the distance (Hodge 1965)

remains almost unaltered.

The two bright cepheids in Sculptor discovered by Baade and Hubble belong to a

class of cepheids whose period-luminosity law differs from that of the cepheids in

globular clusters (Baade and Swope 1961, van Agt 1973, van den Bergh 1975). Such

anomalous cepheids with P<10 days are also found in other dwarf spheroidal galaxies

of the Local Group and are brighter than the BL Herculis variables of population II

with P less than 10 days in galactic globular clusters. Provisional periods for these

anomalous BL Her variables in the Sculptor cluster were determined by Miss Swope

(Shapley 1939) and used by Shapley for a new distance determination of 76 kpc. In

view of the uncertainties involved, this result is in agreement with his earlier estimate

(Shapley, 1938 a) and with the value derived by Baade and Hubble (1939).

Hodge (1965) derived the first C-M diagram for the Sculptor dwarf spheroidal

galaxy but it did not reach the horizontal branch. From the luminosities of the giant

branch stars, the two anomalous BL Her stars, and the three RR Lyraes observed at

maximum luminosity near the limit of his plates Hodge (1965) estimated a distance of

88 ± 7 kpc.

Kunkel and Demers (1977) recently derived a new distance of 78.3 kpc for Sculptor

from the luminosity of the horizontal branch stars in the region of the variable gap in

their C —M diagram. Their determination essentially confirms the results of the earlier

investigators.

The apparent diameter was first determined by Shapley (1938 a) from star counts.

Shapley's observations indicate an apparent radius of at least 40 arcmin but they do

not exclude a radius of as much as 60 arcmin. From star counts Hodge (1965) derived

a limiting radius of 53 arcmin, a value consistent with Shapley's result. At the distance

of 78.3 kpc Hodge's angular radius yields a linear diameter of 2.4 kpc.

The variable stars reported on here extend up to distances from the center of the

Sculptor galaxy of 60 — 70 arcmin. These values are in reasonable agreement with

Shapley's conclusion that the Sculptor system might have a radius as large as 60 arcmin.
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The dwarf spheroidal galaxies have many characteristics in common with globular

clusters and at the same time show remarkable differences (van den Bergh 1975, van

Agt 1973). The dwarf spheroidal galaxies are obviously considerably larger, but so far

no transitional object with respect to hnear dimension has been found.

OBSERVATIONS

Thackeray observed the Sculptor dwarf spheroidal galaxy during the observing sea-

sons of 1948, 1949, 1950 and 1951 with the 74-inch Radchffe telescope. His aim was

specifically to investigate and discover variable stars in the central part of the dwarf

galaxy. The surface density of the stars in the central region is sufficiently low to per-

mit resolution of individual stars.

As a preUminary result Thackeray (1950) reported 237 variable stars and he derived

provisional results on periods for 33 of them. He estimated the total number of varia-

bles to be 700. Our investigation of the variable stars in the Sculptor dwarf galaxy is

a continuation of Thackeray's survey and for this purpose Thackeray kindly put his

plates and reductions at our disposal. Considering both the number of variable stars

marked by Thackeray in the central part of the galaxy and the dimensions of the

system a bountiful harvest of variable stars was expected from the outset of our

investigation.

In 1965 Sidney van den Bergh obtained a series of plates on the Sculptor system

with the 48-inch Palomar Sclimidt. In 1970 Christine Coutts obtained additional obser-

vations with the 24/36-inch Curtis Sclimidt of the University of Michigan installed at

Cerro Tololo, Chile. Helen Sawyer Hogg started the blinking of these plates at the

David Dunlap Observatory. This material was turned over to me when I arrived at that

Observatory on leave from the Department of Astronomy at the Nijmegen University,

the Netherlands. I continued the series of Curtis Schmidt plates at Cerro Tololo in

1971. In addition Serge Demers put at our disposal the plates of Sculptor obtained by

him with the same telescope in 1968 and 1969.

The field of the Curtis Schmidt telescope is well suited for observations of an ex-

tended object such as the Sculptor dwarf galaxy. On the plates taken with this tele-

scope, which has a plate scale of 96'.'6/mm, inspection of the individual stars is possible

even in the central region of this galaxy. This is due in part to the low surface density

of stars and in part to the use of Kodak Illa-J emulsion which partly overcomes the

limit to linear resolution set by the small plate scale. To reach sufficiently low Hmiting

magnitudes the plates are typically exposed for two hours. This leads to a reduction of

the resolution in time of the brightness variations, especially for the variables with the

shortest periods. For the c-type RR Lyrae with periods between 5 and 1 1 hours the

exposures integrate a considerable part of the light curve. Obviously there is a reduced

possibility of detection of the shortest period variables as a consequence of the long

exposure time.

The photographic observations available to the author are listed in table II. They
cover the period from 1938 to 1971. The earliest ones are the plates obtained by

Baade (1939) and Hubble (1939). The large number of observations listed in table II

provides a good time base for period determination.
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During the observing run of 1971 the author also obtained a small number of photo-

graphic transfers to the sequences set up in Kron 3 (Walker 1970) and in NGC 121

(Tifft 1963) to extend the sequencein the Sculptor dwarf galaxy that had been obtained

by Hodge (1965) to fainter limits. Two such transfers were also obtained with the 60-

inch telescope at Cerro Tololo and used for the same purpose (van Agt 1973). A com-

parison of the photoelectric sequence of Kunkel and Demers (1977) and preliminary

results from the photographic transfers does not show any serious discrepancies.

DISCOVERY AND IDENTIFICATION

From among the Curtis Schmidt plates available at the end of 1970 and listed in

table III, selection of pairs for blinking was made on the basis of time interval, plate

quality and Hmiting magnitude (table IV). The plate combinations were all blinked on

the Zeiss bUnk comparator of the David Dunlap Observatory. The work was carried

out without reference to preceding variable star searches by Baade and Hubble (1939),

Thackeray (1950) and Helen Sawyer Hogg (1970). In all, 521 stars were marked by

the author as variable or as being suspected of briglitness variations.

The 602 variable stars discovered both by previous investigators and the author are

listed in table V. They are numbered in chronological order of discovery.

The variable stars numbered 1 through to 26 are those first found by Baade and

Hubble (1939). Baade and Hubble identified (1939) only 10 variable stars out of the

40 they discovered. On an unpublished chart of the Sculptor system Baade identified

TABLE III

List Of The 1969-1970 Curtis Schmidt Plates.

CTIO Plate Nr.
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TABLE IV

Plate Pairs Formed For Blinking
From The 1969-1970 Curtis Schmidt Observations.

Plate Pair Nr.
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Center

Counts have been made of all the variables listed in table V in strips 60" wide placed

over the galaxy in the directions of right ascension and declination. The maxima of the

counts in the strips orientated in this way led to the adopted position for the center of

the distribution of the variable stars at RA (1950) = 0h57"M4s ± 2^ Dec (1950) =

-34°0'23" ± 20".

Coordinates Of The Varl^bles

The coordinates were calculated from plate positions determined with the measuring

facility of the projecting blink-comparator of the Department of Astronomy of the

University of Nijmegen, the Netherlands (van Agt, 1972). The plate constants were

derived from standard coordinates using a plate-scale of 96'.6/mm.

The rectangular coordinates are given for each of the 602 stars in columns 2 and 3

of table V. These coordinates are quoted in seconds of arc and are relative to the

adopted center of the distribution of the variable stars.

The accuracy in the x and y coordinates, corresponding respectively to right ascen-

sion and declination, is ± 4 arcsec.

Completeness

The total number of discoveries of variable stars in a series of plate comparisons and

the average number of times that each variable was found have been used by van Gent

(1933) to derive the probability vv of discovering a variable star on each plate pair of

the series and N, the total number of variable stars which can be expected to be present

in the field investigated. In each of the nine intercomparisons, N was calculated by

applying van Gent's method (van Gent, 1933, Plant, 1965, Hoffmeister 1970). The

results are given in table VI.

TABLE VI

The Discovery Probability And Expected Number Of Variable Stars.

Number of
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There is a tendency for the discovery probability w to decrease as more and more

plate pairs are intercompared. Hoffmeister (1933) pointed out that this decrease indi-

cates the existence of a dispersion in the discovery probability among the variable stars.

This dispersion is not taken into account in van Gent's method, which is based on the

assumption that the discovery probability for each variable in the field is the same on

each plate pair. There are a number of parameters to wiiich the discovery probability

of a variable star can be related. The effects of the apparent brightness of the stars,

the shape of tlie hglit curve and the range of the briglitness variations have been inves-

tigated by a number of authors (Kviz 1956, Kiang 1962, Plaut 1953). Also variations

in the quality of the plate pairs and changes in the attitude of the observer may cause

variations. In a general way the decrease of the discovery probability can be explained

by the fact that during the first intercomparisons those variables will be found which

have large discovery probability and in later intercomparisons essentially those variables

are left which have small discovery probability (Hoffmeister 1933). Of the variables

discovered by Baade 92% were rediscovered. Of those found by Thackeray in liis exten-

sive survey of the central region, 71% were rediscovered.

Kviz (1959) and Kiang (1962) have pointed out that the net effect of not taking

into account variations in the discovery probability is an overestimate of w and there-

by an underestimate of N. Richter (1968) in an extension of van Gent's method found

that for RR Lyrac variables the total number of variables N computed with van Gent's

method should be increased by a factor of 1 .2 when one takes into account systematic

effects on the discovery probability. From a semi-empirical method Plaut (1966)

derived essentially the same factor.

From the preliminary periods and the average median luminosities of the variables

in Sculptor it is safe to conclude that most of the variables are RR Lyrae stars. In view

of the Hmited data on the variable stars at this time it is not possible to analyse the

blink statistics with either Richter's or Plant's method. For the time being we there-

fore simply adopt Richter's factor of 1 .2 for extrapolating the results of table VI to

obtain a somewhat more realistic total number of variables in the dwarfgalaxy of 1050,

with an estimated mean error of 80. The low hnear resolution of the Curtis Schmidt

plates in combination with the increased surface density of stars in the central region

of Sculptor reduces the discovery probability relative to the outer regions of the system.

The somewhat lower completeness factor derived from the number of rediscoveries of

Thackeray's variables is not in disagreement with our completeness arguments.

The RR LYRAE Stars

At the present stage of the reductions, preliminary results on the periods for some

of the variable stars are reported. In column 4 of table V periods for 64 stars are given.

These periods have been determined by Thackeray and liis co-workers Jackson, Shuttle-

worth and Wesselink, all of whom took part at certain stages in the reductions, and by

the author. In column 5 of table V initials indicate to whom each period determination

should be attributed. The variable stars for which periods have been determined are

located in the central region of the dwarf galaxy because so far only the Radcliffe

observations have been used for this.
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Among those with periods, 51 are ab-type RR Lyrae stars and 9 have c-type RR
Lyrae star characteristics. Although it is expected that the shortest period c-type

RR Lyrae are under-represented in the discoveries, due to the long exposure times of

the observations, it is evident that c-type RR Lyrae stars in Sculptor are not as scarce

as in the Draco dwarf galaxy where they number about 4% of the number of RR Lyrae

stars, (Baade and Swope 1961). The frequency distribution of the periods of the RR
Lyrae stars in the Sculptor galaxy is smooth, does not show double maxima and is in

general very similar to the period-frequency diagram of the galactic globular cluster

NGC 5272 (Messier 3), (van Agt 1973, Cacciari and Renzini 1976, Thackeray 1950).

The mean period of the 51 ab-type RR Lyrae stars is P = 0^.567. The shortest

period in this sample of ab-type RR Lyrae stars is P = 0'^.482 (V66) and the longest is

P = 0'i.836(V88).

The mean periods of the ab-type RR Lyrae stars in four dwarf spheroidal galaxies

are listed in table Vli together with the number of ab-type RR Lyrae stars from which

each mean period was determined.

TABLE VII

MEAN PERIODS OF ab-TYPE RR LYRAI: IN DWARF SPHEROIDAL GALAXIES

Name P Number of ab-typc

Sculptor
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gram of the Sculptor dwarf galaxy about 1 .4 mag above the horizontal branch and are

about half a magnitude brighter than the population II cepheids in galactic globular

clusters of the same period.

Plates obtained recently at the prime focus of the 3.6 meter telescope of the

European Southern Observatory show that V92, formerly classified as an anomalous

BL Her star (van Agt 1973), is an optical double. One component is variable, the other

is a star of similar mean luminosity. When unresolved, such an object would appear to

have a luminosity in the range of the anomalous BL Her stars.

On the basis of the presently available data Norris and Zinn (1975) and Demarque

and Hirschfeld (1975) offer a hypothesis to explain the observed period-luminosity

relation for the anomalous BL Her stars. They suggest that these stars belong to a

younger population of stars than the majority in the same dwarf spheroidal galaxy,

which itself was formed independently of and after the collapse of our galaxy. Renzini,

Mengel and Sweigart (1977) suggest, however, that if higher masses are assumed for

the anomalous BL Her stars, mass-transfer within binary systems in the dwarf spheroi-

dal galaxies also is a hypothesis in agreement with the observational evidence.

Long-Period and rfd-Irregular Variable Stars

V544 located at about 14 arcmin north of the center of the Sculptor dwarf galaxy

is bright on Curtis Schmidt plates taken in August 1970, but faint on plates taken in

the same month one year earlier. Eye estimates of the variable star on the Radcliffe

plates, where the star is in an unfavorable position close to the plate border, show the

variable going througli a maximum in 1949. The time of rise to maximum and the time

of decline to minimum is of the order of 120 days. A longer period of 150 days is

possible.

V97 is identical to the extremely red star numbered 453 in the list of Hodge (1965)

of stars measured for the C M diagram. In his C-M diagram this variable star is located

at B-V = 2.16 mag., toward the red of the brightest stars of the giant branch. Eye

estimates indicate a range in luminosity of approximately 0.6 m V97 is not among

the stars measured by Kunkel and Demers (1977).

ACKNOWLEDGEMENTS

I want to express my gratitude to the Director of the David Dunlap Observatory Dr. Donald

A. MacRae, who made it possible for me to accept the kind invitation of Dr. Helen Sawyer Hogg

and Dr. Sidney van den Bergh, to continue my work on the Sculptor dwarf spheroidal galaxy at

their observatory under such pleasant conditions. To them in particular I direct my appreciation

for their assistance and patience.

The plates by Baade and Hubble were kindly put at my disposal by Dr. Horace W. Babcock.

the Director of the Mount Wilson and Palomar Observatories.

Without the cooperation of Dr. A.D. Thackeray who made the Radcliffe plates and his research

notes available, this work would still lack the basic observations for the determination of periods.

I appreciate the cooperation of the CTIO directorate and staff who helped in obtaining the

excellent new Curtis Schmidt observations.

To the staff of the David Dunlap Observatory and especially Dr. Christine Coutts-Clement I am
indebted for their help and for their excellent observational material obtained at CTIO. I also want

to thank Dr. Paul Hodge. Dr. Serge Demers and others who in many ways helped or are helping

with the Sculptor project.



The Sculptor DwarfSpheroidal Galaxy 2 1

5

The research was supported by grants to Professors Hogg and van den Bergh through the

National Research Council of Canada, and by the David Dunlap Observatory.

References

Agt, S. van and Oosterhoff, P. 1959, Ann. Sterrew. Leiden, vol. 21, p. 253.

Agt, S. van. 1972, Proc. Conf. on the Role of Schmidt Telescopes in Astronomy, ed. U Haug

(Hamburg Obs.) p. 97.

Agt, S. van. 1973, Variable Stars in Globular Clusters and in Related Systems, ed. J.D. Fernie

(Dordrecht-Holland), p. 35.

Baade, W. and Hubble. E. 1939. Publ. Astron. Soc. Pacific, vol. 57, p. 40.

Baade \V. and Swope, H. 1961, Astron. J., vol. 66, p. 300.

Bergh, S. van den. 1968. J. Roy. Astron. Soc. Canada, vol. 62, p. 145.

Bergh. S. van den. 1972, Astroph. J. Letters, vol. 1 71, p. L31.

Bergh, S. van den. 1975, Ann. Rev. Astron. Ap., vol. 13, p. 217.

Cacciari, C. and Renzini. V. 1976, Astron. Astroph. Suppl., vol. 25, p. 303.

Cannon, R., Hawarden, T. and Tritton, S. 1977, Monthly Notices Roy. Astron. Soc, vol. 180, p. 81.

Demarque, P. and Hirschfeld, A.W. 1975, Astroph. J., vol. 202, p. 346.

Gent, H. van. 1933, Bull. Astron. Inst. Neth., vol. 7, p. 21.

Graham, J. 1975, Publ. Astron. Soc. Pacific, vol. 87, p. 641.

Hodge, P.W. 1961, Astron. J., vol. 66, p. 384.

Hodge, P.W. 1965, Astroph. J., vol. 142, p. 1390.

Hodge, P.W. 1971, Ann. Rev. Astron. Astroph., vol. 9, p. 35.

Hoffmeister, C. 1933, Astron. Nachr., vol. 250, p. 397.

Hoffmeister, C. 1970, Veranderliche Sterne (Barth: Leipzig), p. 171.

Kiang, T. 1962, Observatory, vol. 82, p. 57.

Kunkel, W.E. and Demers, S. 1977, Astroph. J., vol. 214, p. 21.

Kviz, Z. 1958, Bull. Astron. Inst. Czech., vol. 9, p. 70.

Kviz, Z. I960, Bull. Astron. Inst. Czech., vol. 77, p. 71.

Lynden-Bell, D. 1976, Monthly Notices Roy. Astron. Soc, vol. 7 74, p. 695.

Mathewson, D.S. and Schwarz, M.P. 1976, Monthly Notices Roy. Astron. Soc, vol. 7 76, p. 47.

Norris, J. and Zinn, R. 1975, Astroph. J., vol. 202, p. 335.

Plaut, L. 1965, in Galactic Structure, eds. A.Blaauw and M. Schmidt, (University of Chicago Press:

Chicago), p. 302.

Plaut, L. 1953. Pub. Kapteyn Astron. Lab. Groningen, vol. 55.

Plaut, L. 1966, Bull. Astron. Inst. Neth. Suppl., vol. 7, p. 105.

Renzini, V., Mengel, J. and Svveigart, A. 1977, Bull Am. Astron. Soc, vol. 9, p. 279.

Richter, G. 1968, Veroffentl. Sternwarte Sonneberg Berlin, band 7, heft 3.

Sawyer Hogg, Helen 1970, private communication.

Shapley, H. 1938 a. Harvard BuU., No. 908, 1.

Shapley, H. 1938 b, Nature, vol. 142, p. 715.

Shapley, H. 1939, Proc. Nat. Acad. Sci., vol. 25, p. 565.

Stebbins, J., Whitford, A. and Johnson, H. 1950, Astroph. J., vol. 7 7 2, p. 469.

Swope, H. 1968, Astron. J., vol. 73, p. S 204.

Thackeray, A. 1950, Observatory, vol. 70, p. 144.

Tifft, W. 1963, Monthly Notices Roy. Astron. Soc, vol. 726, p. 209.

Walker, M. 1970, Astroph. J., vol. 767, p. 835.

Wilson, A. 1955, Pub. Astron. Soc Pacific, vol. 67, p. 27.

Zinn, R. and Dahn, C. 1976, Astron. J., vol. 81, p. 527.

Nijmegen University

August, 1977



2 1

6

Piiblications of the David Dunlap Observatory

TABLE V
Variable Stars In The Sculptor Dwarf Spheroidal Galaxy:

Coordinates And Preliminary Periods.

NR X" Y" Period Remarks

.d.i
1 - 455. 184. P = "-532 Th
2 - 413. 93.

3 52. 410.

4 - 250. 108.

5 53. 72. P = ^-484 Th.vA
6 - 91. - 150.

7 191. 161. P='^-285: Th
8 26. - 49.

9 - 46. -211.
10 43. -196. P = '^-515 vA
11 46. -215. P = '^-561 vA
12 251. -119.
13 - 5. 640. P = '^-340 Th
14 - 612. - 95.

15 - 239. 280.

16 10. 416.

17 - 310. - 94.

18 - 53. 139.

19 145. 290.

20 199. 53.

21 155. - 134.

22 - 52. -590.

23 192. -440.

24 363. - 282.

25 - 94. 560.

26 19 3. -276.
27 1149. -102.

28 1076. 183.

29 897. 610.

30 895. 600.

31 778. 355.

32 813. -456.
33 728. 119. P = '^-343 vA
34 702. -109. P = '^-662 vA
35 699. - 95. P = '^-526 vA
36 683. -474. P = '^-624 vA
37 582. 237.

38 556. 268. P = '^-502 vA
39 578. - 84. P = '*-506 vA
40 572. - 548.

41 512. - 50. P = '^-547 vA
42 503. 51. P = '^-596 vA

P = '*-289
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TABLE V (continued)

NR X" Y" Period Remarks

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

485.
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TABLE V (continued)

NR Period Remarks

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

89.
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TABLE V (continued)

NR X" Y" Period Remarks

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152-

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

764.
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TABLE V (continued)

NR X" Y" Period Remarks

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

25.
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TABLE V (continued)

NR X" Y" Period Remarks

229
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TABLE V (continued)

NR X" Y" Period Remarks

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305 1851. - 16. uncertain var.

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

1011.
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TABLE V (continued)

NR X" Y" Period Remarks

321
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TABLE V (continued)

NR Y" Period Remarks

367
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TABLE V (continued)

NR X" Y" Period Remarks

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

3006.
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TABLE V (continued)

NR X" Period Remarks

459
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TABLE V (continued)

NR X" Y" Period Remarks

505
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TABLE V (continued)

NR X" Y" Period Remarks

551

552

553

554

555

556

557

558

559

560 - 1788. 9110. f

561 - 7014. 4894. f

562 - 402. 4658. f

563 - 1822. 4005. f

564 1867. 4050. f

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589 - 866. -4293. f

590 2839. - 3990. f

591 4291. -5002. f

592 -2817. -5650. f

593 - 921. -6133. f

594 7258. - 7025. f

595

596

48.
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TABLE V (continued)

NR X" Y" Period Remarks

597

598

599

600

601

602

603

295.
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PLATE I

Identification of the variable stars in the central region of the sculptor dwarf spheroidal galaxy.

The scale (60") is indicated in the upper right hand corner.
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PLATE II

Identification of the variable stars in the NW quadrant. The scale (120") is indicated.
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PLATE III

Identification of the variable stars in the NE quadrant.
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PLATE IV

Identification of the variable stars in the SE quadrant.
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PLATE V
Identification of the variable stars in the SW quadrant.
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PLATE VI

Identification of tiic majority of the variable stars in the outer regions of the Sculptor dwarf galaxy.

The scale (10 arcmin) is indicated.


