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COMMUNICATION FROM THE OBSERVATORY AT LEIDEN.

Provisional ephemerides of 26 new eclipsing variable stars within six degrees of » Carinae,
by Ejnar Hertzsprung.

The continued comparison in the blinkmicroscope
of plates taken with the Franklin-Adams instrument
of the region round = Carinae has led to the dis-
covery of still more variable stars than those already
published in these columns. As a preliminary desig-
nation of these variables it is proposed to use the
B. A. N. number followed by a small letter. The first
new variable contained in this note would thus be
B.A.N. 65, a. Therefore as many eclipsing variable
stars are published in the present paper as the alpha-
bet has letters.

Two identical spherical stars can never eclipse
each other -to a greater extent than ™75. (In case
of ellipsoidal stars the total range may be greater).
When therefore, as is usually the case, for the disco-
very of variable stars methods are used, which will
hardly reveal any smaller range than about half a
magnitude, the eclipsing variable stars actually found
represent a strong selection, preferring systems showing
unusually great range, such as those consisting of two
components of considerable difference in surface-

| brightness, the smaller one being the brightest. For
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the statistics of eclipsing variable stars it is therefore
important to extend the field of investigation to those
of smaller range. One method, employed with success
by STEBBINS, is to examine known spectroscopic
binaries for eclipse at the predicted times. But this
method practically applies to the brighter stars only.
The refinement made possible by the blinkmicroscope
in the examination of photographic plates for the
discovery .of variable stars is thefefore very welcome.
The nearer the two plates to be compared are equal
in quality of the images, gradation and fog, the
smaller the perceptible change in a star will be.
Though the magnitude equivalent of the estimated
“step” used in the present note is not known with
any accuracy, it appears that several of the variables
found have only a small range. In fact I have tried
to go to the limit of the power of the blinkmicroscope,
when focal images are used, but I do not personally
doubt the reality of the varlablhty of any star announ-
ced in the present note.

In cases where there is no evidence of secondary
minimum and the range does not exceed ™73, the
two components may have practically the same sur-
face-brightness, in which case the period will have
to be doubled For a decision spectroscoplc obser-
vations are required.

Another point must also be borne in mind viz:
the possible interference of a third star too near to
the variable to be separated from it.

A list of the 26 new variables is given in Table 1.
The estimated magnitude at maximum brightness is
rather uncertain, but will still be of some use. The
number of decimals given in the epoch and the period
in some cases exceeds the accuracy obtained. The
reciprocal of the period indicates the figures actually
used in the calculation of the phases expressed in
fractions of the period according to the formula

Phase = P—* (J. D. hel. M. T. Grw. — 2420000).

The reductions to the sun valid for the centre of the
plates (10°45™,— 59°5) have been adopted throughout.

The scale of steps, in which the brightness has
been estimated, is arbitrary. It may even be different
for images of different intensity. As the region in
question proved to be too crowded for the use of the
objective grating, it will be more convenient to fix
the magnitude scale by the aid of an instrument
with longer focal length. Meanwhile it is assumed
that one “step” is equivalent to somewhat more than
a magnitude.

The number of plates used for each star is rather
different, mainly because the treatment of several stars
was finished before all the plates had been taken.
The total number of estimates used in the present
note is 8502.

B. A.N. 65.

The next column gives the phase of the primary
minimum expressed in fractions of the period count-
ing from J. D. hel. M. T. Grw. 2420000 as an arbitrary
zero point.

The last column gives the estimated duration of
the minimum as a fraction of the period. It will be
seen that there is a systematic decrease of this frac-
tion with increasing period, but not to such an extent
that it would correspond to constant mean density
of the components. The longer the period the smaller
is the mean density of the eclipsing variables actu-
ally found. This result is probably not entirely due
to selection. In this connection it may be noted, that
the smallest densities found for eclipsing variables of
longer period are below the minimum density pos-

.sible for the shorter periods known.
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B. A.N. 65.

A list of the comparison stars used is given in
Table 2. It will be seen that in half of the cases the
variable was compared with only one star. ‘

The plates were all taken during the first 7 months
of 1924, except when it is specially mentioned that
the variable was found faint on an old plate.

When the observations were completed, the first
thing to do was to find the period. For this purpose
often simply the epochs were used, when the variable
was found below a certain brightness. A least square
solution was made, but generally the number of epochs
was so small, that no reliable value of the mean
error of the period found can be given. I think it
possible, though not probable, that the period will
have to be substantially altered in a case or two.

By the aid of the adopted period the phase ex-
pressed as a fraction of the period was calculated
for each observation counting from J. D. hel. M. T.
Grw. 2420000. The estimates were then arranged
according to phase and divided into groups. To some
extent such divisions into groups were preferred,
which gave the smoother lightcurves. The latter have
thus been somewhat flattered as regards the appa-
rent mean error of a point of the curve. By this
procedure however, in one case only the sequence
of phases of the individual observations has been
very slightly altered, viz: in case of the star ¢, where

LEIDEN 167

the adopted mean values of 3 observations each
P-710,%63 and P716,%43 would be P-710,:57 and
P:716, %49 respectively by unaltered sequence.

The mean values for each group of phase and
brightness in steps are given in Table 3 for the indi-
vidual stars.

In the accompanying Figure diagrams are shown

“for 22 of the 26 variables here considered. All these

diagrams are on the same scale, one square repre-
senting one tenth of the period in the abscissa and
one “step” of brightness in the ordinates.

The means represented in the diagrams are in
Table 3 marked with an asterisk.

The median period of the 26 variables is 2¢'3 with
a mean deviation in the logarithm of +-41. This is
practically the same as found for the 176 eclipsing
variable stars tabulated in V. /. S. 58, 249—251; 1923
(omitting B M Orionis of doubtful period) viz: 299
and +°40 respectively. (Thus Algol itself has very
nearly the median period of all known eclipsing vari-
ables). .

I wish to express my thanks to the Union Astro-
nomer for all the support, he has given to my work
and to Mr. H. E. WooD, who not only introduced
me to the mysteries of the Franklin-Adams instru-
ment, but also helped me in several respects.
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One square represents one tenth of the period in the abscissae and one “step” of brightness in the ordinates.
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*) The means marked with an asterisk are represented in the diagrams.
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TaBLE 3 (Continued).
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*) The means marked with an asterisk are represented in
the diagrams.

REMARKS.

@. There are only 2 good plates well within the
minimum at uneven epochs, viz: from J. D. 392621435,
86 and 3929°2249, °41 corresponding to the phases
2703'042 and 2705°'114 respectively. The reason for
this is, that the uneven minima well observable during
the time in question periodically coincide so nearly
with moonshine (20 periods = 29%'035) that only a few

plates of this kind were obtained. — There is no

distinct indication of a secondary minimum.
4. The star is H. D. 88892, spectr. B 8.

¢. The minimum seems to be constant for about
‘035 of the period.

LEIDEN ' 169

Assuming the depths of the primary and secondary

- minimum to be 1™0 and ™1 respectively the chser-
- vations are satisfied by supposing the system to con-
- sist of two stars with radii 2 and %

2 of .the distance
between their centres. The smaller star contributes
6 and the bigger one ‘4 of the total light, the sur-
face-brightness of the former star being about 6 times
that of the latter. Supposing the masses of the two
components to be equal the densmes come out -009
and ‘075 © respectively.

d. M. e. of epoch + 400355 and of period + 40001.

e. The apparent period is so nearly equal to 4 days,
that only 4 fractions of the period have been observed
as yet. The variable has not been observed during
increasing brightness, so that no precise epoch of the
minimum can be given There is a slight indication
of secondary minimum. M.e. of epoch + 401 3 and
of period + 40007.

/- There seems to be a constant minimum during
about ‘03 of the period. I estimate the density of
the system to be in the neighbourhood of half the
density of the sun. There is a doubtful trace of a
secondary minimum.

g. The star is also faint (+%15) on a plate from
J. D. hel. M. T. Grw, 2420623254.

/. The star is too faint for accurate estimates on
my plates. It was noted as faint or invisible on 7
other plates near minimum. There are only 3 observ-
ations supposed to be on the ascending branch of
the light-curve. M. e. of epoch + ‘04 and of perxod
+ 4004.

2. The interpretation of the observations of this
star is not yet conclusive. The variable was found to
be of the brightness 2 on the ascending branch of
the light-curve at J.D.hel. M. T. Grw. 2423789509,
3877°354, 3899301, 3910.292 and 3943-210. From
these epochs the period 109979 is derived, giving the
differences O0—C = — %003, + 4008; — 4003, -+ %009
and —%o10 respectively. Consequently the present
observations are concentrated into 11 equidistant
groups with gaps in between. The descending branch
of the light-curve has not yet been observed. Two
other less distinct minima gave J. D. 3814'404 and

- 3858-272 corresponding to “2 during ascending bright-
- ness. The difference between these two dates is

434868 or 4 X 10%967. It is therefore very probable
that these two less distinct minima are real. They
will fall nearly midway between two minima, when
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the period, as is here done, is supposed to be 10¥'9790/2
or 594895, but a small excentricity of the orbit will
then have to be' assumed, the secondary minimum
coming late.
settle ‘the questlon definitively.

7. The star is also faint on an old plate from
J. D. hel. M. T. Grw. 2421287°33. After some trial
it was supposed to be sufficiently safe also to use
this minimum for the determination of the period.
The variable seems to remain constant at minimum
for about. ‘04 of the period. M e. of epoch + o1
and of period + 400005 or + 40005 respectively, if
the old observed minimum has been correctly con-
nected or not.

k. There are no observations on the lower part
of the descending branch of the lightcurve and none
between the phases *498 and :547 counting from the
primary minimum as zeropoint, but as far as the
evidence goes there is no sign of a secondary mini-
mum.

The variable is in' the outer region of the cluster
surrounding 3 Carinae.

[. The star is 40" from the centre of the » Cari-
nae-nebula.

m. The star is only 15’ from the centre of the
n Carinae-nebula.

7

n. The range is small and there are no good com-
parison-stars near. There is a doubtful indication
of a secondary minimum.

:0. The variation is 'so small that I consider the
elements given of this variable as being near the
limit of what these provisional estimates can reveal,
even when the variable is of convenient brightness
and good comparison-stars are available. M. e. of
epoch + 4024 and of period + 40008.

#. As the star is faint, the depth of the minimum
is rather uncertain. M. e. of epoch + %02 and of
period + 4-:0008.

g. At maximum the brightness of the variable is
0°. Only the observations near minimum have been
treated in detail. The minimum seems to be constant
for about ‘04 of the period. M. e. of epoch + 4036
and of period + 4005.

7. M. e. of epoch + 404 and of period + 4008.

s. The variable has a companion at about 320°, 15",
making the estimates difficult. As the star fades to
invisibility on the plates, the range must be consi-
derable. - ‘

Further observations are needed to

B.A.N. 65,

¢. The variable was noted as faint or invisible on
9 other plates taken near minimum. M e. of epoch
£ %003 and of perlod + 400007 .

#. The ascendmg branch of the light-curve is rather
poorly observed. On many plates this variable is too
faint for accurate estimates. In consequence of this
the observations are rather discordant. The 8 minima
used for the determination of the period are J. D.
3787753, 381546, 382947, 384530, 3880°29, 3915°35,
3929'29 and 3936°29. The residuals O—C are + -05,
— 03, —'03, + ‘04, + ‘01, + ‘05, — 02 and — ‘03
respectively. The apparent period of 4 X 14751 = 7%004
is very conspicuous in the observations, but the diffe-
rence between the third and fourth minimum given

- above {15%83) suggests that the real period is shorter,

viz: 19-75. M. e. of epoch + %015 and of period + 90005.

2. The wvariable is faint and near the border of
the field. On 135 other plates near minimum the star
is noted as faint or invisible. No definite value of the
range, which seems to be rather considerable, can be
given. The observations between minima are suggest-
ive of a secondary minimum about ‘54 of the period
after the main minimum, but as the mean error of
one estimate near maximum is + %13, no definite
conclusions of this kind can be drawn from the mate-
rial. M. e. of epoch + %009 and of period * 40008.

w. The star is HA. D. 97484, spectr. B 3.

z. The variable was found faint on 3 old plates
viz: from J. D. hel. M. T. Grw. 2419878270 (4 *23),
24200963321 (+ 5:3) and 2421287:330 (+ *23). The
residuals from the ephemeris given are + 406, — %11
and + 402 respectively. As a whole the residuals
O-C are not quite satisfactory (m. e. of one epoch
of minimum + %057) but the solution given is the
best I could find. Though there is still some uncer-
tainty in the connection of the 3 older plates with
the newer ones, the ephemer1s w111 be at least approxi-
mately correct.

9. The variable was also found faint or invisible
on 7 other plates taken at the extreme phases £'161
and P-1g6. Near minimum the estimates are uncer-
tain owing to faintness of the star.

2. On all the 12 plates between the phases P661
and P-703 the variable is invisible. The depth of the
primary minimum can therefore not be stated, though
the presence of a secondary minimum, which seems
rather well marked, puts a limit to the possible range
of variability. The variable was also noted as invi-
sible on two plates at the phases P*652 and P13
respectively. .
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