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Variable Stars in the Small Magellanic Cloud1

Cecilia Payne-Gaposchkin2 and Sergei Gaposchkin3

Introduction

Sixty years ago Miss Leavitt (1906) noted that
the region of the Small Magellanic Cloud is ex-
ceedingly rich in variable stars, and published
a list of coordinates and magnitudes for almost
a thousand. Later studies of the region by
Shapley and his collaborators brought the num-
ber of published variables up to 1566. The
present paper contains the results of a system-
atic study of these stars on the available
Harvard plates. Some proved to be duplicates,
and 46 more variables were added in the course
of the work. Table 1 enumerates the variables
studied.

Table 2 is a list of the published Harvard
variables in the region, and of the newly dis-
covered variables, arranged in order of HV
number. Successive columns give the HV num-
ber, the x and y coordinates (seconds of arc on
Miss Leavitt's system), a coded list of refer-
ences, and a coded summary of results (see end
of table 2). Further notes are given for a few
stars. Underlined entries under "Results" are
taken from the published references.

For HV 809 to 2234 and for HV 11212 to
12184 the first reference is to announcement of
discovery without discussion. The other refer-
ences cover determinations of periods and mag-
nitudes, but no attempt is made to cover all later
mention of the stars. Most of the variables

1 This work was carried out under a National Science Foun-
dation Contract NSF-G22496.

' Professor of Astronomy, Harvard College Observatory,
Cambridge, Mass.

* Astronomer, Harvard College Observatory, Cambridge,
Mags.

from HV 12082 on were discovered on plates
made with the 60-inch reflector, and many of
these are too faint, or otherwise unsuitable, for
study on the Bruce plates. Periods could be
derived for about half of these stars, and vari-
ability verified for about half of the remainder.
Most of the others are not observed to vary ap-
preciably on the Bruce plates, and should be
studied with larger scale; too few 60-inch plates
are available for effective discussion. The stars
noted as "not measured" are: the four novae,
some stars that lie outside the main body of the
Cloud and therefore outside the field studied, a
few close doubles, and a few that could not be
successfully identified.

The photographic material comprises over
500 plates taken with the 24-inch Bruce refrac-
tor between 1898 and 1950, and about 30
plates taken with the ADH Baker-Schmidt
telescope between 1952 and 1962. A few plates
taken with the 8-inch Bache refractor from 1888
onward could be used for the brightest stars.

Comparison stars were chosen in the vicinity
of each variable, and the brightness was esti-
mated in arbitrary steps relative to them. The
comparison stars were selected and the step
values assigned by Sergei Gaposchkin, who also
made a large number of the estimates. The rest
of the estimates were made under his direction.

The periods were determined by C. Payne-
Gaposchkin with the assistance of Barbara
Russey. Previously published periods were ex-
amined and (as seen from table 3) many were
slightly corrected, but only a few were found
to be grossly in error. When the period had
been determined, the phases and mean light
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curves were determined for all the measures by
means of a program written by E. M. Gaposch-
kin for the IBM 7094 computer. Means were
formed for each set of ten successive phases.
The brightness, which up to this point had been
expressed in steps, was then converted into mag-
nitudes. The magnitudes were based on the
standards used by Arp (1958a, 1958b, 1959a,
1959b, 1960a) in his study of the Small Cloud.

Table 3 summarizes the results. Successive
columns give the HV number, the x and y co-
ordinates, the previously published period (if
any), the period found from the present ma-
terial, Julian Day of normal maximum, ob-
served maximum (M), minimum (m), and in-
tegrated mean magnitudes (m), range (.4),
mean magnitude reduced to mean intensity
( < m > ) , and the number of positive observa-
tions. The number of estimates used was 557,-
624 but about 750,000 were made, since "not-
visible" observations do not enter the means,
and observations for stars for which no results
were obtained are not tabulated.

A preliminary study of the period-luminosity
relation for the Cepheids showed that all stars
in some regions (notably at the ends of the main
axis) are systematically faint. Whether the
effect is a result of absorption within the Cloud
or of background effect on the estimates, it must
be eliminated in a study of the true dispersion
of the period-luminosity relation.

In order to estimate the systematic effect, the
field was divided into areas of 10' X10'. The
slope of 2.25 log P derived by Arp (1960a) for
the B period-luminosity curve was adopted, and
the quantity <m> +2.25 log P was computed
for each Cepheid. The mean values of this
quantity within the areas were then used to de-
rive a grid of corrections to the magnitudes.
The resulting corrections are given in the last
column of table 4.

Background effects may play a part in the
magnitude deviations thus derived, but absorp-
tion within the Small Cloud is probably the
major factor. The deviations are negligible in
the peripheral regions, and are greatest at the
southern end of the axis, and again in a much
smaller area at the northern end. They are not
largest only in the areas of greatest star den-
sity, and indeed suggest that a region of ap-

parently low star density on the southern side
of the main axis is actually produced by ab-
sorption. If the deviations are the result of
local absorption, the corrections here derived
will reduce the systematic errors, but consider-
able accidental errors will occur in regions
where the correction is large, and will increase
the apparent dispersion of the period-lumi-
nosity relation. We shall return to the question
in the general discussion.

Shapley and Nail (1955, p. 835) noted a simi-
lar effect and stated that "on the average, the
median magnitudes of the ten long-period Ceph-
eids in the wing lie above the mean period-
magnitude curve for the Small Cloud . . ., the
median magnitudes of the similar variables in
the Cloud's nucleus lies below the curve. Per-
haps we have here an indication of more than
average dust in the main body of the Cloud.
. . . But . . . a 'background' effect may con-
tribute uncertainty to the photometry."

The Cepheid variables
PERIODS AND LIGHT CURVES.—Results for the

Cepheid variables, arranged in order of period,
are summarized in table 4. Successive columns
give the HV number, the adopted period in
days, its logarithm, maximal magnitude cor-
rected for absorption (Mo), minimal magnitude
corrected for absorption (m<>), amplitude in
magnitudes (A), integrated mean magnitude
at mean intensity corrected for absorption
(<ra>o),a?oin magnitudes, interval from mini-
mum to maximum in terms of period (M-m),
the skewness(s), Ax and At in magnitudes, and
the adopted correction for absorption (dm),
(except for foreground stars). The parameters
used for describing the light curve are illus-
trated in figure 2: Ax and A2 are the amplitudes
of the two schematic triangles into which the
light curves have been divided; x0 is the inte-
grated mean magnitude at mean intensity of
the triangle whose amplitude is At, corrected
for absorption; and s is the skewness as defined
in the caption to figure 2. We note that the
quantities (M-m) and s are independent of
amplitude; Ax and A2 depend on both ampli-
tude and skewness. The tabulated values of
period are those that were used in computing
the mean light curves; most of them are given
to six figures, but only for the shortest periods


