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PREFACE.

Up to the present time no general catalogue of the double stars of the Southern
Hemisphere has been published. The observer who desired to work in this field of
research has, therefore, been compelled either to expend much time in searching for suit-
able objects in the sky, or to consult and compare many different publications, in order
to find the objects most likely to repay labour, with such means as may be at his disposal.

Gireater activity may, in future, be confidently looked for in double star work, owing
to the increased number of suitable instruments recently erected in the Southern Hemi-
sphere. A strong additional stimulus will undoubtedly be given by the example of
Dr See’s labours in this comparatively unexplored field, and by the publication of his
Researches on the Evolution of the Stellar Systems.

The time is therefore opportune for the appearance of a Reference Catalogue of these
objects.

Mr R. T. A. Innes, the author of the present work, joined the staff of the Cape
Observatory in 1896 as Secretary, Librarian, and Accountant. It formed no part of
his official duties either to engage in astronomical observing or to contribute in any
way to the publications of the Cape Observatory, But previous to his arrival at the
Cape, he had devoted himself to practical astronomy, and, with comparatively feeble
means, had discovered about forty new double stars, and published their estimated
distances and position angles. He had also made some progress in the preparation of
a card catalogue of reference to the known double stars of the Southern Hemisphere.
This catalogue he has not only completed within the past two years in the intervals
of his leisure time, but he has discovered upwards of 280 new double stars with the
7-inch equatorial, and contributed a large amount of valuable work to the revision of

the Cape Photographic Durchmusterunyg.
DAVID GILL.
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INTRODUCTION.

THE object of this compilation is to furnish a reference catalogue of all known double
stars having southern declination at the equinox of 1900. But:—What is a double
star ¢ Should the wide pairs of the earlier astronomers be indiseriminately included ¢ It
is easier to say ‘ No’ to the latter suggestion than to give a definition of what should
constitute a double star that will meet all views. A compromise has been adopted:
in addition to many rather wide pairs, worthy of inclusion from some point of view,
every known southern double star finds a place here, which falls within the limits of
distance given in the following table :— '

Magnitude of . Limiting Distance of
Primary. Components.
1 30"

2 25
3 20
4 15
5 10
6 7
(f 5
8 3
9 1

These limits do not exclude any binary pair in either hemisphere. Some systems,
much exceeding the above distances and showing no certain signs of orbital motion, have
been included on account of the large proper motion common to both components.

In the course of an examination of the southern sky for double stars, the necessity
for the construction of a reference catalogue has become more and more evident. In
addition, such a catalogue will be found useful when measuring astrographic plates.

The programme adopted by the Comaté International de lo. Carte du Ciel requires
the selection of ten stars on each plate for meridian observation as points of reference for
the remainder. It is obvious that these standard stars should not be double; if the com-
ponents are not shown separately on the plates, it is inadmissible to assume that the
photographic light-centre of gravity, so to speak, agrees with that resulting from eye
observation. This objection applies even to optical or fixed pairs. In the case of
binary systems, even if both stars are shown on the plates, it is clearly advisable to
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avoid the complications that arise through their introduction. It will be evident that
the scheme of this catalogue excludes no double star that would appear single on a good
plate ; hence it may be found useful when selecting reference stars by showing what
stars to avoid.

As a justification for the exclusion of double stars more widely separated than the
limits adopted, it may be urged that even if binary, their orbital motion will be extremely
slow; unless, indeed, the mass of the system is exceptionally great, or the stars are
relatively near tous. All these wide pairs, however, will be found on the catalogue plates
of the Carte du Ciel, and their positions will in due course be recorded. Repetition of
these photographs in future centuries will therefore serve all purposes, or, at least, will
indicate those pairs worthy of micrometrical measurement.

The selection having been made on the above principles, the stars were identified
in various catalogues, and their positions brought up to 1900°0 to the nearest second of
time and tenth of a minute of are.

The Cape Photographic Durchmusterung (1875), from which the places for 19000
may be taken out by inspection, has been most useful in affording a ready check on the
places of all stars common to the two catalogues.

Nomenclature.

Great care has been taken to name each star after its discoverer, all observations
being classified in order of publication. This seems consistent and fair, and it is trusted
that the nomenclature adopted will be found satisfactory to astronomers. It has seemed
to me that any other method would lead to confusion.* Stars discovered by Herschel,
and also measured by Struve, are therefore here referred to by Herschel’s designation,
and all other cases have been similarly dealt with. In many cases a note has been
added to the measures, giving the better known synonyms, and some other synonyms
have been included in the indexes on pp. 249A-262A.

In addition to the name adopted by the double star observer, a reference is given
to the earliest catalogue in which the star appears. This, however, was not considered
an essential point, and exceptions will be found. The order in which the star names
were selected was substantially as follows : —

Constellation-named stars. Gilliss’s Catalogue.
Auwers’s Bradley. Yarnall (3rd edition).
" Mayer. Cape Catalogue, 1880.
Piazzi. "Cordoba Zone Catalogue.
Lacaille. Argentine General Catalogue.
Brisbane. Gilliss’s Catalogue of Polar Zones.
. Lalande. Bonn Durchmusterung.
Weisse’s Bessel. Cape Photographic Durchmusterung.
Oeltzen’s Argelander. Cordoba Durchmusterung.

* T consider this nomenclature as only tentative : when the whole heavens have been well explored, and
our knowledge of double stars is sufficiently complete to admit of classification, a more sa_tisfactory and impersonal
system will doubtless be substituted, : '
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The full titles and other particulars relating to these works will be found else-
where.*

It is hoped that by giving the earliest catalogue-name, investigations of proper
motion will be facilitated.

Magnitudes.

Much consideration was given to the question of magnitude, the range between
different observers being in some cases excessive. It seemed, therefore, desirable to
leave the question of magnitude to the uranometries and photometries.t As, however,
the photometric observers almost invariably observed the stars as single, it was necessary
to make use of the differences of magnitude given by the double star observers. At one
time the idea of giving a separate column for the observed differences of magnitude
suggested itself. The poorness of the material available led to its omission. It would
be an advantage in future observations, while leaving the absolute magnitude of the pair
considered as one star to those who devote themselves to this study, to record on each
occasion the difference of magnitude between the components, provided this difference
does not exceed three magnitudes, as beyond this range any approach to a rigorous com-
parison is out of the question. For very unequal wide pairs, Dawes’s method of limiting
apertures offers a ready means of determining the magnitude of the companion.

The combined magnitude has therefore been taken from the following authorities
in the order in which they are named :—

Southern Meridian Photometry. Argentine General Catalogue.

Harvard Photometries. Cordoba Zone Catalogue.

Bonn Durchmusterung (Schonfeld). Gilliss’s Polar Zones Catalogue (reduced to the
" ’ (Argelander). Cordoba scale as given in the introduction

Cordoba Durchmusterung. to the catalogue).

For the very few stars which are not contained in any of the above works, the
magnitude necessarily depends on the double star observer's estimate. It has been
assumed that no star brighter than 9™'0 can have been omitted from the Bonn or
Cordoba Durchmusterung. If, therefore, a star, not contained in either of these works,
is recorded as brighter than 9™0, it has been assumed that this estimate is erroneous,
and the magnitude amended accordingly. In one or two cases where the Durch-
musterung or other authority is palpably in error, attention is drawn thereto.
~ TFor the separate magnitude of a companion star, the following formule have been
applied :—

* See introduction to the Radcliffe Catalogue for 1890, or the Cape Photographic Durchmusterung,
vol. i. pp. (64)-(65).

+ It would be as logical for the double star observer to prefer, in place of meridian observations, the
readings of the circles of his equatorial, as it is for him to adopt his own estimate of magnitude rather than that
of recognised authorities. It seems to be a pretty general rule with all double star observers to over-estimate
the brightness of the pairs they discover. This has led to the omission of some pairs, which, on their
discoverer’s estimate of magnitude, fall within the limits given on page viiA.

b
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Let
A = Magnitude of the brighter component

B = ’ ,, fainter ”
C = Combined magnitude
D = Difference of magnitudes

then
A =C+z

B A+D

{l

where
1
B Log(l + 2———-_512D)
04
assuming a light-ratio of 2-512.
From the last formula, the following table was constructed :—

D z D z
- m m m m
00 08 08 04
01 7 10 4
02 7 15 2
03 ‘6 20 2
04 ‘6 25 ‘1
06 ‘5 30 'l
06 5 40 0
07 ‘5
Thus, in @ Centauri we have
' C = 02
D=1%
. z = 02
C+ 2=04=A
A+D=19=8B

The inverse case is illustrated by two stars, each of the 6™8.

A = 68
B = 68
o D =00
z = 08

A—2z=60=C

Although the above table, which depends upon the accepted light-ratio to which the
Durchmusterung-magnitudes are supposed to conform, holds good for most pairs, I am
convinced that it does not apply to those pairs both components of which are faint. Thus
two stars of the 10th magnitude in the Durchmusterung are only equal to one of the 9°7 or
9'8 magnitude instead of 9'2 magnitude as given by the table. It seemed, however,
unwise to discuss this question at present, as it did not enter essentially into the con-
struction of this catalogue; for which any system will do, provided that it is uniformly
applied, and is one to which all astronomers can easily conform. The value of the light-ratio
between the different magnitudes is of such importance in astronomical photography and
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in the study of variables, that it must be left to astronomers dealing with these subjects.
When the question is entered into, and a scale of magnitude agreeing with theory has
been constructed, it will be a very simple matter to bring the Durchmusterung-magni-
tudes into agreement therewith. If each double star observer continues to adopt
a system of his own, as has been too much the case in the past, it will complicate
matters, besides making comparisons between different catalogues more uncertain.

If the stars are so wide as to have been observed separately in any ome of the
authorities on magnitude, the resulting combined magnitude has first been computed,
and then, using the mean of the differences of magnitude given by the various double star
observers, the magnitude of each component has been found. If the stars are fairly equal
in magnitude and close together, so as to have been observed as one star, reliance has of
course to be placed on the estimates of the double star observer for the difference of mag-
nitude between the components. When the companion is small and distant, it is assumed
to have had no effect on the estimate of brightness of the chief star ; should, therefore, an
observer make the magnitudes of such a pair 5°0 and 85, and the chief star in the selected
photometry be 5°8 mag. the companion will here on some occasions be altered to 9°3 mag,,
thus retaining the observed difference. |

The cases above considered merge into one another and it would have been difficult
to adopt a fixed rule, which indeed has not been attempted.

I have specially examined the magnitudes of many of the stars, and have either
adopted my own results, or used them in combination with those of Sir John Herschel
and some other observers.

1 have not given prominence to the question of the variability of components of
double stars—attention has been directed to a few of the more striking cases only. It
is highly probable that the variation of light so often recorded is in some cases real.
If observers will regularly record the difference of magnitude between the components of
pairs as suggested above, material will soon accumulate for a satisfactory investigation of
the subject. I have found that if a pair is observable, but really too close to be sepa-
rated with the telescope employed, the smaller component will be estimated considerably
under its real magnitude as seen with greater optical power.

When the magnitude of a double star system, as given in the Cape Photographic
Durchmusterung, differs from the visual, by more than a unit, its photograpbic
magnitude is quoted in the notes appended to the measures. The photographic mag-
nitudes are often fainter than the visual, and this in nearly all cases is due to the
yellow or reddish light of the stars, which is well known to have less actinic effect than
white light. |

Measures.

In a few cases only have all the available observations been quoted. It has been
considered sufficient to give such a selection that it can be seen at a glance whether the
pair is stationary or in motion—in other words, whether a pair is likely to require or
repay further observation. For many of the more southerly pairs showing signs of
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change, the lists of measures will in most cases be found fairly complete. To many
well-measured pairs the words  Other measures” have been added.

The measures given are in some cases the means of several observations, and where
the original observer has himself given means, others have sometimes been formed in
their stead, when it seemed advantageous to do so. Although every care has been taken
to insure accuracy in copying, any astronomer pursuing an investigation into the motion-
of a star would do well to refer to the original authorities. This has been found
necessary when consulting lists quoted as complete by their compilers.

Many astronomers have adopted corrections to their observed angles and distances,
among them, Otto Struve and the Cincinnati observers; the younger Herschel gave a
table to reduce his position angles measured with the reflector to those measured with
the refractor. Some, at least, of these corrections are of doubtful utility, but in tran-
scribing the results, they have sometimes been used and sometimes omitted.

When an orbit has been computed for a binary pair, the elements taken from the
latest authority, together with some idea of the nature of the apparent orbit, have gener-
ally been given. This seems sufficient for the purposes of a working reference catalogue.
With great kindness, Professor T. J. J. See offered to lend, for reproduction here, the
plates which appeared in vol. i. of his Evolution of the Stellar Systems, showing the appar-
ent orbits of several interesting southern binaries. Although their inclusion would have
added greatly to the interest of the catalogue, it was decided that they were not
essential to its purpose.

Some hitherto unpublished measures will be found herein ; for these my thanks are
due to Mr Baracchi, the director of the Melbourne Observatory, to my present chief
Dr David Gill, and lastly to Professor See, who kindly sent complete lists of all his
measures, in advance of publication. Most of the Melbourne measures were made by
the former director, Mr Ellery ; and the older Cape measures by Sir Thomas Maclear, who
used the same instrument with which the double stars contained in the recent lists issued
from the Cape Observatory were discovered. Two or three sets of measures (hitherto
unpublished) made by myself with the same telescope are also included, as well as many
estimates showing in some cases interesting instances of change.®

It is noticeable that the duplicity of many of the stars included, rests on the
authority of one observer, and often on observations of one night only. Thisis a short-
coming that the publication of this catalogue should help to remove. At the end of
the catalogue a chronological bibliography of works and observations on southern double
stars will be found, which it is hoped will facilitate researches into measures of southern
pairs, and form a guide for those who desire to devote their time to measuring wider
pairs than are here included.

Notes of a miscellaneous character follow the measures of the more important pairs ;

* The clock of the 69-inch refractor is faulty, and measures of distance can only be made with great
difficulty. Moreover, it seemed advisable, pending the completion of the McClean telescope, to endeavour .
to find as many new pairs as possible on the few occasions available for such work instead of makmg
measures of a few pairs under difficulties. :
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in particular, they contain, when available, the value of the proper motion reduced to a
great circle taken from various authorities, among whom may be mentioned Auwers, Stone,
Argelander, Bossert, and Porter. Many proper motions have been computed specially for
this catalogue. Owing to lack of material, these are not so complete as could be wished.

~ Many references to neighbouring stars will also be found in order to make the
identification of the fainter pairs more certain.

Very little attention has been given to colours. Where, however, they seemed
generally agreed on, they are quoted. The minute differences of shade recorded by
some observers have been omitted as useless if not misleading.

Very few abbreviations have been used ; a list will be found on page xviA.

Of the 2140 stars contained in this catalogue, 219/ are under 1” in distance, 247/
are between 1” and 2”, the remaining 559/ exceed 2”. The following inference may be
drawn from this:—that the pairs under 2” apart probably exceed in number those
between 2” and 7”, remembering that the latter class can be easily seen, and that with
few exceptions all pairs under 2” distance require special care on the part of the
observer to see that they are double.

During the past quarter of a century the only observatory in the southern hemi-
sphere which has systematically devoted a part of its time to double star astronomy is
that of Sydney, New South Wales, where, under the direction of Mr H. C. Russell,
several valuable series of measures have been made.

The study of double stars will always be interesting from the Newtoman point of
view, and in the case of the brighter pairs, the spectroscopic determination of motion in
the line of sight will lead to a knowledge of the true position in space as well as of the
absolute dimensions of their orbits, and hence their parallaxes. The irregularities
of their orbital motions (already ascertained in a few cases, which will multiply as
observations grow more precise) indicate the presence of disturbing bodies. For these
reasons even the binaries with the best determined orbits deserve careful and regular
observation. From the astro-physical point of view, it is hoped that much may be
learned from their study. A contracting and rotating mass of gas may eventually
reach an epoch when it will become unstable and separate into two or more portions
forming a binary system. It is evident that this critical period will depend on the
constitution of the body, its speed of rotation, mass, and temperature. Systematic
observations, micrometric and spectroscopic, should in time enlighten us on these, at
present, obscure subjects. When we are able to arrange the elements of the orbits of
say one thousand binary pairs in tabular form, with their spectroscopic history, both of
constitution and of radial speed, including for each the proper motion and its solar
component, we shall be in a position to attack questions relating to the constitution of
the sidereal heavens, which are to-day beyond the realms of reasonable speculation. In
this respect the stars of the southern hemisphere offer at least as attractive a field of
investigation as those north of the equator. In spite of neglect, the southern systems
already exceed in importance those of the north. Among them may be quoted :—
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Sirius, v Sextantis. £ Scorpii.

a Centauri, ¢ Aquarii, 7 Lupi.

v Virginis. ‘ o, Eridani. - B Pheenicis.
v Lupi. o Cruecis. { Sagittarii.
v Centauri. B Musce. ete. ete.
v Circini. ' 4 Aquarii.

It is true that of these « Crucis is not a binary. It is perhaps all the more remark-
able for that reason, being one of the brightest stars in the sky, and shown by photog-
raphy to be surrounded by a cluster or rather by rings of very faint stars, in the centre
of which the two large stars are, as far as can be ascertained, absolutely stationary.
Are these gloriously brilliant stars devoid of mass, or, if they shine with an intrinsic
brilliancy of surface equal to that of Sirius, at what distance must they be apart that
gravitational motion becomes too small to be detected even in a century?* Specula-
tion and analogy alike fail us, and a systematic study of all double stars is alone likely to
solve these and many other allied questions.

The high eccentricity of the orbits of some double stars, including a« Centauri,
subjects the internal constitution of the components to different pressures at the times
of periastron and apastron. Does this affect their spectra in a measurable degree ?

Tidal evolution must have very sensible effects on the orbits of double stars. Will
it be possible to measure its effect in increasing the axis major of a pair? For
this purpose very accurate measurements of distance are necessary. A favourable
example is exhibited in the case of « Centauri, the components of which attain their
maximum distance a few years hence. Every expedient to determine this distance
with the utmost exactitude should be employed. Itis a debt to posterity that we should
strive to discharge. If this be done, a repetition of the measures after the lapse of eighty
years would be of the highest interest.

The study of double star astronomy in its many aspects thus promises one of the
most hopeful aids to a better knowledge of the history of cosmical development,
The present work has been undertaken with the desire to facilitate 1nvest1gat10n in
this field.

My thanks are due to many friends for their encouragement—especially to Dr Gill,
without whose help and advice, in many ways, this work would not have been published.

As this work was printed in Edinburgh, Dr Gill kindly wrote to Dr Ralph Cope-
land, Astronomer Royal for Scotland, asking if he would be good enough to revise the
second proofs and pass the work through the press. For undertaking this, and for
many valuable suggestions, I cannot sufficiently express my great indebtedness to him.

.. ¥ The only determination of the parallax of a Crucis is that made by Dr Gill with the Heliometer,
in 1888-1889. It is still unpublished. The result is
7=0"050 +£ 0”018,
but this is the parallax with reference to neighbouring stars, which may be at about the same distance as a Crucis.

R. T. A. INNES.
Rorarn OssrvaTorYy, Care or Goop Horg, -
29th August 1899.
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FORMUL A, Ezrc

The annual precession can be approximately computed by the following formule :—

S S
In R.A = +307+1'34sin R.A. tan Dec.
In Dec. = +0'334 cosR.A.

The change in position angle, due to precession, for one century is equal to: —
+0'557 sin R.A. sec Dec.

In this catalogue all position angles are given for the epoch of observation.

In many of the old double stars, both components will be found in meridian catalogues. If the differ-
ence in seconds of R.A. (companion—chief star) be A R.A., and the difference of Declination=A Dec., the
position angle and distance can be found as follows : —

Tan (Position angle) = MA—R:&]%D%:
Distance — 15fx R.A.cos Dec. _ A Dec.
sin (pos. angle) cos (pos. angle)

These formul® will also serve to convert proper motion in R.A., and Dec. into proper motion along a great
circle,

QUADRANTS.
;.
N.f. N.pr.
90° — 270°
S.t. S.pr.
180°
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xXviA LIST OF ABBREVIATIONS,

p.m.,

H,
h
03,

B,
Cine., .
Goodsell,
A
L. McC,,

Washburn, .
M.O., . .
* (to position angles),
U.A, .

+

M

BD, .
Bris,,
C.G.A,
C.Z,
C.PD,
Cor. D.M.,,
Gilliss P.Z.,
Lac.,

Lal, .
1st Mun.,
0.,

Pos. Med., . .
Schj., .
W,B., .
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ABBREVIATIONS.

North.

South.

preceding.

following.

proper motion (annual).

Sir Wm. Herschel.

Sir John F. W. Herschel.

F. G. W. Struve.

Otto Struve.

S. W. Burnham.

The observers at the Cincinnati Observatory.
Goodsell »

Lowell ”

Leander McCormick Observatory.
Washburn Observatory.
Meridian Observations.

That the position angle has been altered by + 180°,
Uranometria Argentina.

Estimation,

STAR CATALOGUES.

Bonner Durchmusterung,

Brisbane’s Catalogue.

Catélogo General Argentino.

Cordoba Zones.

Cape Photographic Durchmusterung.

Cordoba Durchmusterung.

Gilliss’s Polar Zones,

Lacaille’s B.A. Catalogue.

Lalande’s ,, »

First Munich Catalogue.

Oeltzen’s Argelander (Weisse’s edition used, but the old numbers
retained).

Struve’s Positiones Mediz.

Schjellerup’s Catalogue.

Weisse’s Bessel (+15° to —15°).
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