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INTRODUCTION
A general catalogue of all the double stars discovered by me from time to time during the past

twenty-five years has long been needed by those interested in this field of astronomical research, and,

by reason of the special interest attached to many of these remote sidereal systems, it has become

more and more important to bring the scattered material together in order to intelligently pursue the

investigations which promise to so much increase our knowledge of the great universe beyond the

solar system. These discoveries are scattered through nineteen different catalogues, published at

various times and places, commencing with 1873 ;
and the observation of these stars by a great num-

ber of astronomers in this country and in Europe can only be made use of by consulting hundreds

of volumes of observatory and society publications, astronomical periodicals, etc. It is difficult, if

not practically impossible, for the general observer or investigator to make a really complete collec-

tion of all the measures of a large number of these stars. Many of the observations are in obscure

and unusual places, and in works not always readily accessible.

This general catalogue was arranged and prepared for publication in the latter part of my con-

nection with the Lick Observatory, 1888-1892, and most of my work with the great 36-inch refrac-

tor of Mt. Hamilton during those four years was devoted to the careful remeasurement of the stars

contained in the catalogues published prior to that time, and to the discovery and observation of

another and more difficult class of doubles for which that splendid instrument is so well adapted. A
new field was opened which was beyond the reach of most of the telescopes of the world. The pages

of this catalogue will bear witness to the importance of the additions in the way of new measures

and new systems made at the Lick Observatory during this time. For various reasons this catalogue

was not published at that time. Since then it has been kept up to date by the addition of all the

more recent measures, and the places recomputed by using later star catalogues, particularly those of

the Astronomischen Gesellschaft, so far as published, the Cordoba catalogues of southern stars, and the

other recent publications, in lieu of the places originally taken from Lalande, Argelander's Durch-

musterung, Weisse, etc. In this way some minor errors have been eliminated in the places, and in

the identity of some of the stars. No attempt has been made to make this work a substitute for

original star catalogues with respect to the absolute places of these stars in the heavens. As these

positions have no other use than for finding the objects with the telescope, it was not considered

worth while to reduce them to any later epoch than that used in the several original double star cata-

logues, that epoch being uniformly 1880. In the star catalogue references, preference has been

given, where the stars are below the naked-eye limit, to the old standard catalogues, although the

places have been derived from more modern observations.

THE FIRST OBSERVATIONS

It may not be out of place here to give a brief history ot the beginning of this astronomical

work. When in London, about 1861, I purchased one of the cheap astronomical telescopes intro-

duced about that time. It had a nominal aperture of three inches, but was without a finder, and had

only the simple alt-azimuth mounting, with a common table tripod. It was supplied with a terres-

tial, as well as astronomical, eyepiece and while it was a good instrument for landscape use, it was

of little value for astronomical purposes. Some years later I obtained a 3^-inch telescope, with an

English object-glass, mounted equatorially by Fitz on a portable stand. This was just good enough

to be of some use, and poor enough, so far as its optical power was concerned, to make something

better more desirable than ever. In 1869 I accidentally met Mr. Alvan G. Clark in Chicago, on his

return from Iowa, where he had been to observe the total eclipse of that year, and made some
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inquiries of him about a small equatorial. This interview resulted in my ordering from the celebrated

firm of Alvan Clark & Sons an equatorial of six inches aperture. I told them what I wanted, and

what I wanted it for. Every detail was left entirely to their judgment, stipulating only that its defi-

nition should be as perfect as they could make it, and that it should do on double stars all that it

was possible for any instrument of that aperture to do. In due course of time this instrument was

delivered, and was set up in an observatory prepared for it in the meantime. My attention for some

reason or other, which I am unable to explain, had been almost exclusively directed to double stars

previous to this while using the smaller telescope referred to. This preference was not in any sense

a matter of judgment as to the most desirable or profitable department of astronomical work, or the

result of any special deliberation upon the subject. It came about naturally, without any effort or

direction upon my part.

At the beginning of the use of the 6-inch telescope my library, so far as the subject of double

stars was concerned, was principally confined to the first edition of Webb's Celestial Objects for Com-

mon Telescopes, and I wish here to record my great indebtedness to this most admirable and really

indispensable book. It was of great assistance to me at that time, and it has never ceased to be a val-

uable and convenient work for frequent reference. . It contains about all that the beginner is likely

to want in connection with any use of a small telescope. It has passed through several editions since

that time, the last one containing many of these stars. The time came finally when other double-

star catalogues were necessary. Double stars were frequently found which were not in Webb, and

then it was necessary to ascertain what they were. The books at the Dearborn Observatory, then in

charge of Professor T. H. Safford, were always accessible to me. This library had some of the prin-

cipal star catalogues, but very little relating to double stars except Struve's Mensurae Micrometricae.

The result was that from time to time I made manuscript copies at the Naval Observatory, the Dart-

mouth College Observatory, and other places, and from books borrowed from these institutions and

various astronomers, of the essential results of most of the leading catalogues and observations relat-

ing to this subject. These copies included Struve's Mensurae Micrometricae, Positiones Mediae, and

Catalogues Novus ; the seven catalogues of Sir John Herschel ; the catalogues of South, and Herschel

and South, in the Philosophical Transactions ; the Poulkowa Catalogue of O. Struve ; the measures of

Madlerjn the Dorpat Observations; material given in the Memoits and Monthly Notices of the Royal

Astronomical 'society, Astronomische Nachrichten, and publications of like character
;
and many

minor contributions, including nearly all the discoveries made after the Struves. While the labor

involved in doing this work was very great, there was perhaps a corresponding advantage gained in

acquiring a more thorough familiarity with the literature of this subject. Since that time these and

many other works of like character have been obtained, and my library is practically complete, so

far as double-star material is concerned.

The want of a single catalogue of all the double stars visible in the northern hemisphere was

very manifest soon after the commencement of the observations with the 6-inch refractor. Many

pairs were picked up on every good night which it was desirable to identify with as little loss of time

as possible. If wanting in Struve, Herschel, and other of the old catalogues, they might still be

known pairs, and it was unsafe to assume that they had not been before observed, without a careful

examination of many minor lists, catalogues and observations of various kinds, scattered throughout

a large number of volumes issued by observatories and societies, periodicals, handbooks and mono-

graphs printed in the last hundred years. I was therefore compelled in the interest of my own work

to bring this material together and arrange all the pairs in order of Right Ascension in a general

catalogue. In this way I made a manuscript catalogue of every known double star within 12 1 of

the north pole, giving the details of measures, magnitudes, star catalogue references, etc. With this

at hand, it was but a moment's work at the telescope to identify any known object, and to decide at



Introduction

once whether or not an object thus found was really a new pair. This catalogue subsequently

passed into a second manuscript edition, more complete and perfect in respect to some details. All

the star places were reduced to a common epoch, and every measure of each pair was either given or

cited. This served the purpose for a good many years, but the time came when the manuscript
became too crowded by the interlineation of stars discovered by myself, and by other observers, and

by the addition of a great number of references to measures and observations, and then I undertook

the preparation of a third manuscript edition, which was arranged in the proper form for printing,

with ample space for new stars and new observations, and giving a brief statement or discussion of

the character of each pair of any general interest. This catalogue, substantially bound in twelve

volumes, has all the time been kept posted to date by the addition of all new material as soon as

printed, and many unpublished discoveries and observations. This general catalogue in its various

forms has been of the greatest value and assistance to me from the beginning in all this work. In

fact, it rendered possible all that has been accomplished in this field. Very few will fully appreciate

the enormous amount of hard work which has been necessarily expended in the preparation of such

a work. Whether it will ever assume other than the present manuscript form remains to be seen. It

should be remarked in this connection that, with the exception of the four years, 1888-1892, all of

this astronomical work, with the telescope and otherwise, has been done when eight or more hours

of at least six days in the week were more or less occupied with other and very different affairs

of life.

THE ORIGINAL LISTS OF NEW DOUBLE STARS

My discoveries of double stars may be said to have commenced in 1872, although the 6-inch

Clark refractor had been in my possession for a year or two previously. A complete list of the

the nineteen catalogues, which are included in this work is as follows:

FIRST CATALOGUE (ft i to 81). Monthly Notices of the Royal Astronomical Society, XXXIII, 351 (March

1873). Discovered with the 6-inch refractor.

SECOND CATALOGUE (/? 82 to 106). Monthly Notices of the Royal Astronomical Society, XXXIII, 437 (May

1873). Discovered with the 6-inch refractor.

THIRD CATALOGUE (/3 107 to 182). Monthly Notices of the Royal Astronomical Society, XXXIV, 59 (Decem-
ber 1873). Discovered with the 6-inch refractor.

FOURTH CATALOGUE (/8 183 to 229). Monthly Notices of the RoyoJ Astronomical Society, XXXV, 382 (June

1874). Discovered with the 6-inch refractor.

FIFTH CATALOGUE (/3 230 to 300). Monthly Notices of the Royal Astronomical Society, XXXV, 31 (Novem-
ber 1874). Nos. 23010 252 were discovered with the 6-inch refractor; Nos. 253 to 281 with the 9. 4-inch

refractor of the Observatory of Dartmouth College, and Nos. 286 to 300 with the 26-inch refractor of the

Naval Observatory at Washington.
SIXTH CATALOGUE (/3 301 to 390). Astronomische Nachrichten, No. 2062. Discovered with the 6-inch

refractor.

SEVENTH CATALOGUE (/3 391 10436). Astronomische Nachrichten, No. 2103. Also reprinted in the American

Journal of Science, September 1876. Discovered with the 6-inch refractor.

EIGHTH CATALOGUE (/3 437 to 452). American Journal of Science (July 1877). Discovered with the 18^-
inch refractor of the Dearborn Observatory.

NINTH CATALOGUE (/? 453 to 482). Monthly Notices of the Royal Astronomical Society, XXXVIII, 78 (Decem-
ber 1877). Discovered with the 6-inch refractor.

TENTH CATALOGUE (/? 483 to 733). Memoirs of the Royal Astronomical Society, Vol. XLIV. Discovered

with the i8^-inch refractor of the Dearborn Observatory. (This volume contains also measures of 500
other double stars with the same instrument.)
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ELEVENTH CATALOGUE (/? 734 to 775). Report to the Trustees of the James Lick Trust of Observations made

on Mt. Hamilton with reference to the Location of the Lick Observatory, 1880. Observations with the 6-inch

refractor on Mt. Hamilton in 1879. There are measures of a few of the old pairs with the same instru-

ment. (This report is reprinted in Publications of the Lick Observatory, Vol. I.)

TWELFTH CATALOGUE (/? 776 to 863). Publications of the Washburn Observatory, Vol. I. Observations with

the i5^-inch equatorial of the Washburn Observatory, Madison, Wis., in 1881. (This volume contains

also several hundred measures of other double stars.)

THIRTEENTH CATALOGUE (/3 864 to 1025). Memoirs of the Royal Astronomical Society, Vol. XLVII. Nos.

864 to 997 discovered with the i8^-inch refractor of the Dearborn Observatory; Nos. 998 to 1013 with

the i2-inch of the Lick Observatory in October 1881
;
and Nos. 1014 to 10215 with the i8^-inch at

Chicago. (This volume contains a large number of measures of Struve and other pairs.)

FOURTEENTH CATALOGUE (/?
1026 to 1038). Astronomische Nachrichten, No. 2875. Observation with the 12

and 36-inch refractors of the Lick Observatory. The numbers were inadvertently omitted, but are given

in the introduction to Catalogue XV. {Astronomische Nachrichten 2875 also contains measures of other

stars.)

FIFTEENTH CATALOGUE (/? 1039 to 1092). Astronomische Nachrichten, Nos. 2929, 2930. Observations with

the 36-inch refractor. (Also measures of other double stars.)

SIXTEENTH CATALOGUE (/? 1093 to 1154). Astronomische Nachrichten, Nos. 2956, 2957. Observations with

the 36-inch refractor. (Also measures of other double stars.)

SEVENTEENTH CATALOGUE (/3 1155 ro 1224). Astronomische Nachrichten, Nos. 3047, 3048. Observations with

the 36-inch refractor, and measures of other stars.

EIGHTEENTH CATALOGUE (/8 1225 to 1266). Astronomische Nachrichten, Nos. 3113, 3114. Observations with

the 36-inch refractor, and measures of other stars.

NINETEENTH CATALOGUE (/3 1267 to 1274). Astronomische Nachrichten, Nos. 3141, 3142. Observations with

the 36-inch refractor. (Catalogues XIV to XIX are given in Publications of the Lick Observatory, Vol. II.)
-

(/8 1275 to 1290). Published for the first time in this volume.

THE TELESCOPES USED

It is worthy of note in this connection that all of these new stars, without exception, were

discovered with telescopes made by Alvan Clark & Sons. In one sense the success of this work is

due to these eminent opticians, for nothing is more certain than that these discoveries could not

have been made with any other class of telescopes. These instruments in order of aperture are as

follows :

j
The 6-inch refractor. It is hardly necessary to say, in view of the discoveries made with it and given in

this catalogue, that its performance on the most difficult objects was simply perfect. Many of the stars discovered

with it are by no means easy to measure with the largest telescopes now in use. Some of the most rapid and

interesting binaries in this catalogue were discovered with this instrument. It now belongs to the Washburn

Observatory of the University of Wisconsin.

The 9.4-inch refractor of the Dartmouth College Observatory. During the summer of 1874 I spent a vaca-

tion within a few miles of this place. Before leaving for China on the Transit of Venus expedition, Professor

Young very kindly placed his telescope at my disposal, and I spent some ten nights at that Observatory, with

the results given in the Fifth Catalogue.

The i2-inch refractor of the Lick Observatory. The discoveries made with this telescope when I was on

Mt. Hamilton for the second time, in 1881, are found in the Thirteenth Catalogue. The observations from

1888 to 1892 are contained in the Mt. Hamilton catalogues. Some of the most difficult pairs were discovered

with this instrument, for instance, cr Orionis, 2 Andromedae, etc.

The 15. 5-inch refractor of the Washburn Observatory at Madison, Wisconsin. The results of some four or

five months' work with that telescope in 1881 will be found in the Twelfth Catalogue {Publications of the Wash-

burn Observatory, Vol. I.) This is an excellent instrument, and very convenient to use in all its appointments.
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The id-inch refractor of the Warner Observatory at Rochester, N. Y. I had the pleasure of spending an

evening with Dr. Lewis Swift, and picked up two or three new pairs which are given in my later catalogues.

This fine instrument is now at the Lowe Observatory, in southern California.

The 18.5-inch refractor of the Dearborn Observatory at Chicago. This, at the time it was made, was the

largest refractor in the world
; and, although one of the early works of Clark & Sons, the definition of the

object-glass is as perfect as any of their later productions.. This is established by the discoveries and meas-

ures in my Tenth and Thirteenth Catalogues. The Dearborn Observatory, at that time, was attached to the

old University of Chicago, and was located about three and a half miles from the business center of the city.

The 26-inch refractor of the Naval Observatory at Washington. I had the privilege of using this instru-

ment one night in 1874, and found the new stars given in my Fifth Catalogue.

The 36-inch refractor of the Lick Observatory. With reference to the superb definition and light-power
of the great telescope, it is sufficient to refer to the discoveries, and the measures of difficult objects contained

in my last five catalogues. These will demonstrate the immense superiority of this instrument over all others

elsewhere. There is probably no place in the world, where an observatory has been established, which can

compare favorably with Mt. Hamilton.

The 4o-inch refractor of the Yerkes Observatory. In the last two years I have given the time spent at the

Yerkes Observatory to the re-measurement of these stars, where recent measures were wanting, and where

change was shown by the prior observations. Much of the time the most difficult of these pairs could not be

observed under the conditions present. All the measures given in the following pages, as made by me in

1897, 1898, and 1899, were made with this instrument. Altogether I have made about 950 measures of

these pairs. Of course the number of measures which can be made in a given time with so large an

instrument is much less than it would be with the other equatorials used in this work. More time is neces-

sarily used in setting on stars in different parts of the sky than would be required with a moderately large

aperture. When the 4<D-inch refractor is moved by hand, as it must be in getting every object into the field,

it is necessary to move about twenty tons.

In the course of these observations, sixteen new pairs, Nos. 1275 to 1290, have been added to this cata-

logue, eight of which were noted with the large refractor. The others were stars discovered many years ago,
some at Mt. Hamilton, and others at the old Dearborn Observatory, but were forgotten to be included in the

catalogues of that time. In looking over my old observing books, I have made a note of some of these omis-

sions, and as far as possible recovered and measured them for this work.

DISTRIBUTION OF DISCOVERIES

An examination of this catalogue to acertain the distribution of the discoveries among the

several telescopes used in this work shows the following :

6-inch Private Observatory 451

i8^-inch- Dearborn Observatory 413

36-inch Lick Observatory 198
1 5 YZ -inch Washburn Observatory 87

i2-inch Lick Observatory 56

9.4-inch Darmouth College Observatory
- 24

26-inch Naval Observatory 14

40-inch Yerkes Observatory 8

1 6-inch Warner Observatory 2

MICROMETRICAL MEASURES

The first measures of these stars were made by the late Baron Dembowski. I was fortunate

in being placed in communication with this eminent astronomer soon after the commencement of

my work with the 6-inch refractor, and from that time on until his death, in 1881, I was in constant

correspondence with him, and all of my discoveries were transmitted to him in advance of their
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publication. These new stars were measured by him in the most painstaking and thorough manner,

and his observations give the fundamental data for comparison with subsequent measures of very

many of the most important of these new systems. As an observer with the micrometer he had no

superior, and few, if any, equals. His work is of the highest degree of accuracy. He made no

mistakes, and wasted no time in idle speculations. He has left a record of honest, thorough and

consistent work which will be an honor to his memory for all time. Baron Dembowski was to me
an example so inspiring, a critic so genial and frank, a friend so warm-hearted and disinterested that

simple justice as well as friendship impels me to inscribe this volume to his memory. The Royal
Astronomical Society recognized the value of his services by the award of its gold medal in 1878.

The results of his life-work have been published in two large volumes prepared and issued after his

death under the direction of the two distinguished astronomers, Otto Struve and Schiaparelli. These

observations are indispensable to every observer engaged in this department of work.

My own work with the micrometer commenced with the use of the i8^-inch equatorial of the

Dearborn Observatory, situated then in the city of Chicago. It was continued for a few months at the

Washburn Observatory, at Madison, Wis., in 1881, and was then suspended until the commencement
of my duties at the Lick Observatory in the latter part of 1888. During the four years spent at

that place my time was almost exclusively given to the measurement and discovery of double stars.

If the discovery of new pairs, regardless of their micrometrical measurement, had been the para-

mount object, this general catalogue would have been increased by the addition of at least many
hundred new pairs ;

but I deemed it of the first importance to accompany each discovery with a

careful set of measures. This seemed the more necessary because most of the pairs found with the

large refractor were too difficult for ordinary instruments
;
and therefore it was very desirable that

good positions should be obtained with which future observations, whenever made, could be

compared. A considerable portion of the time was given to the re-measurement of the stars previ-

ously discovered, and new pairs added no faster than they could be thoroughly observed with the

micrometer.

Below is given a list of the principal observers whose measures of these stars are given in

this work.

AITKEN, R. G. ENGELMANN, R. SCHIAPARELLI, G. V.

BARNARD, E. E. GLASENAPP, S. SCOTT, J. L.

BOOTHROYD, S. L. HALL, ASAPH SEE, T. J. J.

BOWYER, W. HOUGH, G. W. SELI.ORS, R. P.

BROWN, S. J. HOWE, H. A. STONE, ORMOND

BRYANT, W. W. HUSSEY, W. J. STRUVE, H.

COGSHALL, W. A. LAMB, ALICE STRUVE, O.

COLLINS, W. H. LEAVENWORTH, F. P. TARRANT, K. J.

COMSTOCK, G. C. LEWIS, THOMAS WILSON, H. C.

DEMBOWSKI MAW, W. H. UPDEGRAFF, MILTON

DOOLITTLE, E. MULLER, FRANK UPTON, WlNSLOW

DYSON, F. W. POLLOCK, J. A.

EGBERT, H. V. PRITCHETT, H. S.

NUMBER OF DOUBLE STARS

In giving the number of nights included in the mean result given in the catalogue, I have

stated it as the number of complete measures ;
that is, when distance and position-angle are both

measured. In many instances the angle has been measured on a greater number of nights than that

given here.
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The total number of double stars now known has been greatly overstated by some writers. It

has been said that the number is ten thousand and upwards. This is correct if the number is to be

arrived at by adding all the stars contained in the various early double star catalogues ;
but it must

be remembered that these lists, and particularly those of the Herschels, include a large proportion
of very faint and very wide stars which cannot be called double in the proper sense of the word.

The distance between them is much too great to make it in the least probable that the stars have

any physical connection. With such a standard the number of pairs could be increased to hundreds

of thousands by sweeping with a very moderate aperture. The number recorded in a single

night would be .limited only by the time occupied in reading the circles, and fixing the star

places. The great majority of binary stars are moderately close pairs, where the mean distance

does not exceed 2"; and all the short period binaries are very much closer. In the appendix to my
Thirteenth Catalogue I gave a tabular statement showing the whole number of double stars of Class

I (distance o" to i") and Class II (distance i" to 2") in all the original double star catalogues

published at that time. This statement, with my later results added in 1891, is as follows:
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in search of new pairs was as complete and thorough as could have been expected under the

conditions existing at that time. This was supplemented by the labors of his equally distinguished

son, Otto Struve, who continued the work with the more powerful telescope at Poulkowa, and added

some four hundred new pairs, published in 1850 as the Poulkowa Catalogue. For many years after

this there was very little done in this field of astronomy, aside from the measurement of the pairs

previously discovered
;
and that seems to have been taken by observers generally as about the only

thing remaining to be done.

In 1842 the late Professor O. M. Mitchel visited Europe for the purpose of inspecting foreign

observatories, and purchasing a telescope for the proposed Cincinnati Observatory. In the interest

of this object he visited most of the leading European astronomers, and, among others, Sir James
South. This was during, or about, the time of a long litigation which grew out of a contract between

this astronomer and a firm of instrument makers who undertook to mount equatorially a large object

glass belonging to South. Mitchel, in describing his interview, says:
1

One apartment was examined after another, until finally we reached a large room surmounted by a

dome of great size and of an expensive construction, while fragments of the framework for mounting a great

equatorial were scattered around.
"
Here, sir," exclaimed Sir James, "you behold the wreck of all my hopes. Here I have expended

thousands, and nattered myself that I was soon to possess the finest instrument in Europe ;
but it is all over,

and there's an end."

I remarked that the object-glass was still in his possession, and might yet be mounted so as to realize

his hopes and expectations.

"No," said Sir James, "Struve has reaped the golden harvest among the double stars, and there is little

now for me to hope or expect."

It would be difficult to appreciate the feelings which at that moment were sweeping through the mind

of the astronomer. Long cherished visions of fame and high distinction, nay, perhaps of grand discoveries

in the heavens, which for years had played round his hopes of the future, had fled forever. Another had

reaped the golden harvest, and like Clairaut, who wept that there was not for him, as for Newton, the problem
of the universe to solve, Sir James South could almost weep to think that another's eye had been permitted to

sweep over the far distant realms of space which he had long hoped might remain his own peculiar province.

Such views seem very strange at this time, when, if one is absolutely certain of anything in

this direction, it is that there is much more to do, even now, after the lapse of half a century, in

every department of double star work, than there ever was before. The late Rev. T. W. Webb, author

of Celestial Objects for Common Telescopes, one of the most eminent English amateur astronomers, in a

letter written to me in 1873, after the publication of my first three catalogues, said :

"
It will hardly

be possible for you to go on for any great length of time as you have begun, because the number of

such objects is not interminable, and every fresh discovery is one less to be made
; still, what you

have already done is so much more than any man now living has accomplished, that your high

position as an observer is fully secured." Since that time more than one thousand new double stars

have been added to my own catalogues, and the prospect of future discoveries is as promising and

encouraging as when the first star was found with the six-inch telescope. The gold medal of the

Royal Astronomical Society was awarded in 1894 for these discoveries.

NEW STARS TO OLD PAIRS

As would be expected in discoveries of this kind, many of the old pairs recorded by the

Herschels, the Struves, and other astronomers, have been found to be triple or quadruple, by the

addition of much closer and more difficult components. This catalogue contains 133 stars of this

1 Ormsby MacKnight Mitchel: Astronomer and General. A biographical narrative. By his son, F. A. Mitchel, 1887.
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Introduction XV

class, or more than one tenth of the whole number is made up of previously known doubles, where

one of the components has been again divided, or a much nearer star added to the system. Most of

these were difficult objects when discovered, and all of them much more difficult than the old stars.

In this way some pairs, much too wide to be of any interest as double stars, have been shown by the

discovery of the new star to be important binary systems, and among the most rapid known.

The following is a classified list of the pairs given in the several catalogues of the Herschels,

the Struves, and South, which I have found to be more closely double :

W. STRUVE
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NEW BINARY STARS

All of the most interesting of the known physical pairs have small apparent distances, and are

difficult objects when compared with those in slow motion. As these catalogues, commencing with

the first, contained an unusual proportion of close pairs, it was evident that sooner or later they
would contribute a large number of physical systems. This expectation has been realized, and to

an extent which could hardly have been anticipated within the time covered by the observations.

The extreme range of the measures is but little more than twenty-five years, and the greater portion
of the micrometrical work commenced at a later date. There is little doubt that this catalogue will

furnish far more binaries than are found in all the voluminous early lists. There is nothing remark-

able in this when the character of the stars with respect to distance is taken into account. As

already stated the old catalogues contain a large proportion of very wide couples, where the dis-

tance between the components is much too great to make any physical connection between them at

all probable. But it must be remembered that at least some of the instruments used by these

observers could not compare favorably with modern refractors, and particularly with telescopes
made by the Clarks

;
and even when those observers had had more powerful instruments in point of

light-gathering power, as in the case of the Herschels, there can be no doubt that they were far

inferior in definition, and in every practical respect for observations of this kind, to the 6-inch

refractor with which so much of my work has been done. A glance at the list of old pairs to which

new and more difficult components have been added will be sufficient on this point. I have shown

in the appendix to my Thirteenth Catalogue that my several lists which had been published at that

time include more double stars of Class I (where the distance does not exceed I
*

)
than all of the

various catalogues of both Herschels and both Struves, notwithstanding the fact that the works of

these eminent astronomers contain altogether not less than 7400 double stars.

It is only among the very closest pairs that rapid binaries are found, and it is certain that

when the very close pairs, and particularly those discovered with the 36-inch, are fully observed,

many wonderful systems of short periods will be brought to light. It is unfortunate that there are

not more telescopes in the world powerful enough to take part in the work of reobserving these dif-

ficult pairs. But few short-period binaries are yet known. In all the old catalogues above referred

to, there are but six whose orbits have been been computed where the periodic time is less than fifty

years. This catalogue contains not only the binary of the shortest known period, but it has several

with periods of less than thirty years ;
and this number will be largely augmented when many of the

stars known to be rapidly changing have been more fully measured.

The list of binary and probably binary stars which is given in this general catalogue must be

regarded as only provisional. For many of the stars, and particularly the later discoveries, the evi-

dence is insufficient when the relative motion is not rapid. Most of the pairs in the binary list are

placed there because of the change, more or less rapid, shown by the micrometrical measures. In a

few instances this may be the result of proper motion, but in the great majority of cases it is true

orbital motion. A few examples are also included where the primary has a well determined proper

motion, which the measures show is common to both stars. This fact sufficiently establishes a

physical relation between the components, although the relative motion may be very small.

In the following table I have classified the stars in the order of their numbers. In these cases

the evidence seems to warrant the conclusion that they are probably physical systems. For the

numbers marked with a * orbits have been computed.
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DISTRIBUTION IN MAGNITUDES

The following diagram shows the distribution of these pairs in magnitudes. The magnitude
on the lower part of the diagram is of course that of the primary to the nearest whole number. As

would be expected the maximum is reached at the eighth magnitude. A map showing the

distribution in the heavens of the first one thousand double stars is given in my Thirteenth Catalogue.

REJECTED DOUBLE STARS

The numbers mentioned below are not given in this General Catalogue, as they arc identical

with pairs found in other and prior works.

/3 29 = H 1218

58= 2 2629 rej.

99 = 2 1007 rej.

1 10 = H 2036

187 = Dembowski

362 = OS 406

444 = Omitted number

562 = O2 122

594 = O2 216

644=H 864

667 = 2 2656

737 = O. Stone

1038 = 02 510

1057 = O2 129

UNPUBLISHED MEASURES

I am under deep obligations to many well-known double-star observers in this country and in

Europe for unpublished measures of these stars. This catalogue contains several thousand obser-

vations which have never been printed elsewhere. The following astronomers have kindly furnished

me with most valuable material for this work :

AITKEN, Lick Observatory.
BARNARD. Yerkes Observatory.

BROWN, Naval Observatory.

CHRISTIE, Greenwich Observatory.
COGSHALL and BOOTHROYD, Lowell Observatory.

DOOLITTLE, Flower Observatory.

HUSSEY, Lick Observatory.

SEE, Naval Observatory.

SCHIAPARELLI, Royal Observatory, Milan.

STRUVE, H., Universitats Sternwarte, Konigsberg.

WILSON, Goodsell Observatory, Northfield, Minn.
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When it was definitely arranged to publish this catalogue, it was evident that its value would

be greatly increased by giving, as far as practicable at this time, a complete history of each pair, so

that the change, or absence of relative motion, could be fairly inferred in all pairs from the measures

given. There were many pairs, and particularly among those discovered at the Lick Observatory
from 1888 to 1892, which had not been re-observed, and therefore nothing was known concerning them

as to the question of motion. In other instances there were no very recent measures, and the earlier

observations were not sufficiently numerous, or extended in point of time, to show the character of

the relation between the components, In order to supply these needed observations, I prepared and

sent to Aitken, of the Lick Observatory, from time to time, special lists of these objects, which

included the closest and most difficult stars to measure in the entire catalogue, and requested him to

undertake their measurement with the 36-inch. These lists also included some pairs wnich had

apparently become single from rapid motion, and others of a more or less doubtful character. This

request received a hearty response, and he entered upon the work with enthusiasm and zeal, and has

contributed results which, without his assistance, would be wanting here. I wish to record here my
high appreciation of the great value and accuracy of these measures. Other measures have been

made by the same observer while this catalogue was passing through the press, but received too late

for insertion in their proper places, and these, with measures by other observers, will be given in a

supplement at the end of this work. His last published series of measures in A.N. 3585, giving the

observations of 1898, was received in printed form after a considerable portion of this work was in

type. The measures are all given in this catalogue, but only those after R.A. I7
h io m are referred

to by the above A.N. number.

Lists of other stars were sent to Brown, of the Naval Observatory ; to Doolittle, of the Flower

Observatory ;
to the observers of the Lowell Observatory, and to Wilson, of the Goodsell Observa-

tory, and their valuable results are given in this catalogue. Doolittle has measured a large number

of pairs with 'the i8^-inch. These will soon be published in Vol. I. of the Publications of the

Flower Observatory, and they are therefore cited in the references in this way. I am also indebted

to the Astronomer Royal of Great Britain for a large number of measures of close and difficult pairs,

made principally by LEWIS, BOWYER, BRYANT and DYSON, with the 28-inch of the Royal Observatory
at Greenwich.

The unpublished measures of Schiaparelli with the 1 8-inch refractor of the Royal Observatory
embrace a large number of objects, altogether more than 1200 measures, and cover a period of not

less than ten years. It is unnecessary to say that the measures of this distinguished observer are of

the highest value.

The unpublished measures by See were made during his connection with the Lowell Observa-

tory with the 24-inch, and, like the subsequent observations of Cogshall and Boothroyd at the same

place, are principally of southern pairs. The observations by H. Struve were made with the 30-inch

Clark refractor, at Poulkowa, about 1885, while he was Connected with that Observatory; and those

by Hussey with the 36-inch at the Lick Observatory.

My own unpublished observations with the 4O-inch have already been referred to. The work

with this instrument also includes measures by BARNARD of special objects of interest, of which some

will be found in the supplement.

PROPER MOTIONS

As far as practicable I have given the proper motions of all the stars in this catalogue where

the value has been deduced from meridan observations. A knowledge of this movement has an

important bearing in determining the question of physical relation. Where the components are

moving together in space, there can be but little doubt of their forming binary systems, although
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the relative change may be insignificant in the comparatively short time covered by the observations.

In this examination I have given the first place to the investigations of Auwers as found in his

Catalogue of the Bradley Stars, Fundamental Catalogue, and contributions on this subject in the Astro-

nomische Nachrichten, and other publications. The new catalogues of the Astronomischen Gesellschaft

have furnished the proper motions of a good many of the lower magnitudes. Other material has

been obtained from the Greenwich, Radcliffe, Cape, Cincinnati, and other catalogues, and also from

the recent works of Kustner, Bossert, and others. Porter, of the Cincinnati Observatory, has fur-

nished information concerning many stars which appeared from the micrometrical measures to have

some rectilinear movement, and which had not been recognized heretofore in the meridian obser-

vations.

I am specially indebted to Professor George E. Hale, Director of the Yerkes Observatory, for

his hearty assistance and cooperation in the prosecution of the work at this Observatory, and in its

preparation and publication.

This volume in printed form owes its existence to the interest and liberality of that generous

patron of astronomical science, Miss Catherine W. Bruce, of New York City. Her large gifts in aid

of original research, in providing instruments and means for the prosecution of work, and the publi-

cation of observations and investigations, have been widely distributed, not only in this country, but

abroad. The results already achieved in widely different fields are of the highest importance, and

with the results yet to follow in the near and in the far future, will form a monument to the memory
of this benefactor of Astronomy, which will endure for all time.

S. W. BURNHAM.

Chicago, December 6, 1899.
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ABBREVIATIONS.

Most of the abbreviations of observers and publications used in the measures will be readily understood

from the references given at the end of each double in the catalogue. The following only need a further

explanation :

A. N. Astronomische Nachrichten. In the references, the Arabic figures in parenthesis, without

other designation, following the name of the observer, e. g., ft (3114), indicate, in all cases,

the number of the A. JV. in which the observation is made.

/3
1 Double Star Observations made in 1877-8 at Chicago, with the i8y2 -inch refractor of the

Dearborn Observatory, comprising : I. A catalogue of 231 new double stars with measures ;

II. Micrometrical measures of joo double stars. Memoirs of the Royal Astronomical Society,

Vol. XLIV. (This volume contains my Tenth Catalogued)

/3" Report to the Trustees of the James Lick Trust, of observations made on Mt. Hamilton, with

reference to the location of the Lick Observatory, 1879. (This contains the Eleventh Catalogue

and measures of other stars. It is reprinted in Publications of the Lick University, Vol. I.)

/3
3 Double Star Observations made in 1879-80 with the iSY^-inch refractor of the Dearborn

Observatory. I. Catalogue of 151 new double stars with measures. II. Micrometrical measures

of 770 double stars. Memoirs R. A. S., Vol. XLVII. (Thirteenth Catalogue.}

/3_

4 Publications of the Washburn Observatory, Vol I. (Twelfth Catalogue, and measures of other

stars.)

Cin3
,
Cin4

,
etc. Publications of the Cincinnati Observatory, Nos. 3 to 6. (Measures of double stars by Stone,

Howe, Upton, and Egbert, from 1875 t 1880. No. 10 of this series contains measures

by Wilson.)

A Dembowski.

A (I) Misure Micrometriche di Stelle Doppie e Multiple fatte negli anni 1852-1878 dal Barone Ercole

Dembowski. Roma 1883. (Vol. I contains the measures of /8 stars; Vol. II the Struve stars.)

lasenapp (I, ) The Roman numerals refer to the five series of micrometrical measures made by the

,111, IV, V) \
Director of the Observatory of the Imperial University of St. Petersburg, and published

Glasenapp
II

from 1892 to 1899.

H ' Sir William Herschel.

H* Sir John F. W. Herschel.

Hall (I) Observations of double stars made at the U. S. Naval Observatory by Asaph Hall. Appendix
to the Washington Observations for 1877. (Measures with the 26-inch 1875-1879.)

Hall (II) Observations of double stars made at the U. S. Naval Observatory 1880-1891 by Asaph Hall.

Appendix to Washington Observatory for 1888.

LM Publications of the McCormick Observatory of the University of Virginia, Vol. I, Part 4.

(Measures of double stars with the 26-inch refractor in 1885-6 by P.P. Leavenworth and

Frank Muller.)

xxix
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Lv 1 Micrometrical Measurements of Double Stars made at the Haverford College Observatory

by F. P. Leavenworth. (Measures in 1888 with the lo-inch Clark refractor. A few of

the measures by student assistants.)

Sp (II) Osservazioni Sulle Stelle Doppie 1875-1885 da G. V. Schiaparelli. Milano, 1888. (A prior

series of measures of the Struve stars was published in 1882.)

Sp (III) Unpublished measures by Schiaparelli, made at Milan, 1889-1898.

Wilson (Cin.') Publications ofthe Cincinnati Observatory No. 10. (Double star measures 1882-1886, principally

by H. C. Wilson. The unpublished measures by the same observer were made with the

1 6-inch of the Goodsell Observatory, Northfield, Minn.)
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It would be assumed in the first instance that any

change in a pair of very small stars, separated by so

great a distance, would be due to the proper motion

of one or the other. In this instance the two sets

of measures give an apparent annual movement of

the companion of ofi8 in the direction of 337?3-

Carrying this back to 1873, the smaller component
at that time would be i f 87 from the primary in

the position-angle of 37? 7. This agrees well

enough with the estimated places so far as dis-

tance is concerned, but the agreement with the

estimate of the angle is not very satisfactory. It is

more difficult to judge of the direction of one star

from another in high northern declinations, unless

special care is taken, and this may explain the

large error, if this is an error. In addition to this,

allowable errors in the measure would change the

direction of motion and give a much smaller

position-angle for 1873. Tne probabilities are

that the movement is rectilinear, and due to the

proper motion of one of the stars, but of course

there is nothing to indicate which one is drifting,

beyond perhaps a slight persumption in favor of

the brighter. The difference in magnitude, how-

ever, is too small to make this of much importance.
At the time of finding this pair, I assumed that

it was D.M. (62) 93 from its situation with refer-

ence to two stars of similar magnitude, in the same

field and nearly south of the double, which appeared
to be Nos. 94 and 95 of that catalogue.

Since making the last measure, showing change
in the components, I have more carefully examined

ARGELANDER, and find that the stars in the D.M.

do not correspond at all to the present positions

of the stars in this vicinity. In order to compare
the two accurately, I ha've connected the four prin-

cipal stars in the field with A of the double by
micrometrical measures. The results are as fol-

lows :

o

AC 1898.73 336.2 46.95

AD 1898.73 146.6 50.27

AE 1898.76 171.2 113.78

AF 1898.76 113.9 I 5-44

...8.2 2

...8.3 2H

...8.5 i

..8.7 i

There are many small stars in the field, but all

too faint for the D.M. These five stars are laid

down to scale on Fig. i from the above measures.

The four stars given in ARGELANDER (Nos. 93 to

96) are platted on the same scale, and shown in

Fig. 2.

40 CO
I

80

SCALE

Fig. 1

-95

n

Fig. 2

It will be seen that it is impossible to identify

the stars in one diagram with those of the other,

except that E and No. 95 are probably the same.

All of the stars in Fig. i are entitled from their

magnitude to a place in the D.M. It is evident

that there has been a great change in the relation

of these stars since the meridian observations of

ARGELANDER, or that there are very considerable
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errors in the D.M. places of two or more of them.

I have found it necessary, in the past twenty-five

years, to compare the D.M. catalogues with the sky
in the identification of small stars many hundreds

of times, and I do not recall at this time any
instance of serious error or omission. I have,

therefore, a high degree of confidence in the sub-

stantial accuracy of this great work. Unfortu-

nately, the new catalogues of the Astronomischen

Gcssellschaft are very defective with respect to the

D.M. stars in the lower magnitudes. Of the first

hundred stars given in the D.M. zone of 62, less

than one-third are found in the new catalogue cov-

ering this region, and all the stars in question are

missing. So far as I know there are no meridian

observations of them other than those in ARGE-

LANDER, and hence there is no data for determin-

ing their previous relations to each other, and their

proper motions. For this reason I have connected

them together by the measures given above, so that

hereafter the moving star or stars can be easily

identified. It is certain that one of the compo-
nents of the pair is moving, and there can be but

little doubt of this being rectilinear motion
;
but

that does not appear to be sufficient to entirely

explain the difference between the two dia-

grams.

[ft (ill).. .ft (Man. Not. XXXIV, 59).. .(31 13). . .ft (Pub. L. O.

II
; Pop. Astronomy VII, l). . .]

1158. Lalande 718

R.A. oh 24 55
s

Decl. 10 45'

B and C

1890.91

1898.76

1890.91

1898.74

138.1

146.7

0.26

o-43

8.6.

8-3.

3.6 yi ft

3-3 '

A and BC
(
=H 1981)

86.6

86.5

79-3 1

78.86

6.9...

7.0. ..

3

2 /3

The wide pair constitutes the double star, H
1981. The duplicity of the companion was de-

tected with the 36-inch. H gave the angle 84?8,
and the estimated distance 60", with magnitudes 8

and 9. The magnitude of the smaller star in S.D.

is 8.6. The magnitudes assigned to A cover a wide

range : LALANDE and SCHJELLERTJP, 8
; CORDOBA,

lYi', SCHONFELD, 7.2; HEIS, 6-7.

[ft (xvn).../S (3047)... ft (Pub. L. O. II)... H (Mem. R.A. S.

VI)...]

P 1226. D.M. (57) 97

4
m

58
s

I

7 29' )

R.A. oh

Decl. + 57

1891.58 190.8 0.40 8. 5... 10.5 3 /3

Discovered with the 36-inch.

t/S (xvm). . ./3 (3"3). .0 (Pt. L. O. II). . .]

P 1227. D.M. (57),

R.A. oh 25 4i
s

Decl. +57 41'

A and B

1891.59 206.1 2.82 7. 3... ii.6 yi ft

1897.04 202.9 2.67 7. 3... ii. 5 yi A

A and C

O //

1897.05 87.2 22.27

A and D

O //

1897.05 116.6 32.69

. 1 1 1A. 2 A

.12 2 A

Discovered with the 36-inch. The distant stars

added by AITKEN.

[/S (xvm). . .ft (31 13). . .ft (Pub. L. O. ii). . . Aitken (34&S)- ]

P 780. D.M. (36) 79

R.A. oh 26m s

Decl. +37 5'

1881.93 144.2

1886.87 I44-I

1888.52 143.6

2.32

2-37

2.46

38.5... 9.;

i UL
8.4. . . 10.2 5 Com

at the WashburnDiscovered with the is

Observatory.

[|3 (xin) . . .03. . ./3. . .Updegraff and Lamb (Pub. Washburn

Obsy. v). . .Comstock (Pub. Washburn Obsy. vi). . .]
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to AUWERS, is ofisi in the direction of 120^7.

It is evident from the measures that this movement

is common to both stars. Assuming the measured

distance of 1878 as correct, the distance of the

companion, if fixed in space, should have been

3<D?9 at the date of my last measures in 1898. It

is certain, therefore, that these stars form a phys-
ical system, although apparently relatively fixed

for the last twenty years.

[0 (x). . .0'. . .03. . .0 (2875,3048);. .ft (Pub. L. 0. n). . .]

P 257- Lalande 1019

R.A. o" 33
m

37
s

/

Decl. +46 36' \
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P 493- D.M. (50) 137
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P Il6o. B.A.C. 230
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Discovered with the 6-inch. It is a pretty group,
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P 233. 0. Arg. S. 505
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measures are all too recent to show change, unless
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AandC(=Sii7 = H' V. 83)
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A and C
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P 506. 11 Piscium
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A and C
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P 870. B.A.C. 525
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is shown. The distant star appears to be fixed.



26 General Catalogue of Double Stars

P 1168. w. I. 758
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7. 58 Ceti

R.A. I
1 '

51 43
s

Decl 2 39

1875-53
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P 514. Lalande 3698
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direction of 277?o. This would change only the
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direction of 241? 8. The measures show no rela-
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P 739- 0. Arg. 8.1542

R.A. 2h 19 33
s

)

Decl. 30 24' \

o //

1879.68 264.5 2 - l 3 8.1... 8.7 3 ft

1891.77 266.0 1.45 8.1... 8.4 3 ft

1897.04 261.4 1-69 ... 2 A

Discovered with the 6-inch on Ml. Hamilton in

1879. There is but little, if any, change.

[0 (xi). . . ft". . . jS (3114)... j3 (/fc*. Z. 0. I, n) Aitken
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P 307. Lalande 5133
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the observations will be found in the references
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P 528. W II. 1086
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The proper motion of the bright stars is given by
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P 1184. D.M. (21) 526
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P 540. D.M. (31) 669
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B and C
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P 309. Lalande
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the minimum distance between A and C of i *.6
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P 402. W IV. 318
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angle appear to have remained unchanged, the

small difference in measure being fully accounted

for by the extreme minuteness of the companion,

and the difficulty of measuring it so near a first-

magnitude star. It was a very difficult object to

see with the Chicago telescope, and might easily be

overlooked even with the 36-inch refractor.

The more distant Herschel companion has been

observed for more than a hundred years, and the

change shown by the measures has usually been

ascribed solely to the proper motion of Aldebaran.

The distinguished French astronomer, FLAM-

MARION, was the first to notice the fact that the

"
Scale of P.M.

i" Scale of Distance.

Proper motion of ALDEBARAN and companion.

well-known proper motion of A could not account

for the relative change, and therefore came to the

conclusion that B must have a proper motion of its

own, and in a different direction. Of the correct-

ness of this view there can be no doubt, and the

amount and direction of the relative displacement

of C should be as well known as of most stars.

This motion is almost exactly half that of A, and

is perhaps larger than that of any known star as

faint as the eleventh magnitude, which is not con-

nected and moving with some brighter component.

In looking at this object in 1888 with the 36-inch,

I found that the Herschel companion also was

double, or had a very faint attendant a little more

than 2" distant. This is too difficult for most tele-

scopes.

That the proper motion of the faint star B is

exactly the same as that of Aldebaran will be appar-

ent from the foregoing diagram, showing the several

positions of both stars from 1877 to 1898, as given

by the measures. The annual proper motion of A
is given by AUWERS as 0^190 in the direction of

i64?7- The several places of A along the line

separating this movement are derived from this

value of the proper motion, and the corresponding

positions of B laid down from the measures. The

scale of the distances AB is one-tenth that of the

proper motion.

The wide pair, AC, is H 1 VI. 66 = S 452 =

2, 2 App. II. A few of the measures are given

above. The early observations, made before the

work of 2, are not accurate in distance. The

measures of AC, 1836-1898, taking into considera-

tion the motion of A in space, give the annual

proper motion of C as 0^094 in the direction of

O
1 12 . 2.

The diagram on opposite page, showing to scale

the several positions of the three components is

reproduced from Monthly Notices, March 1891.

From the measures already made of C and D, it

is practically certain that these two stars have a

common proper motion, and therefore form a

physical system. D appears to have a slow retro-

grade motion. Taking the relation of these stars

as given by a mean of my three sets of measures at

Mt. Hamilton, and applying the proper motion of

C as given above, the position of D with reference

to that star for 1898.10 should be 283?o : 2^85.

The measures all concur in showing a diminishing

position-angle, and no increase in the distance.

The minimum distance between these two inter-

esting systems occurred about A. D. 1130, when

the separation of A and C was only 40".

[|8 (x, xiv).../3'.../33.../3 (2189,2875,3048,31 14)... /3 (Man.

Not.\.\, 311). . .0 (Pub. L. 0. n). . .Barnard (A. /. 447). . .

Aitken ( ). . .Barnard ( ). . .]

Other measures, etc., of the old stars, in addition

to those given above, will be found in the cata-

logues of HERSCHEL I, SOUTH and STRUVE, and in

the following :

[J (n)...J (1475)... OS (Man. Not. xi.iv, 237)... OS
(Poulkowa Obsns. X, p. 64). . .Klammarion (L'As/ronomtt, iv,

102) (Etoiles Doubles et Multiples) . . . Hall (l) . . . Hall (A. J.

156)..- 0*...]
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ALDEBARAN.

P 881. 46 Eridani
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Discovered with the 36-inch. The principal star
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P 312. Lalande 9065
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This very remarkable and interesting binary sys-

tem was discovered with the i8)4-inch. The motion

has been rapid, and apparently more than one revo-

lution has already been passed over by the compan-
ion. As the components are sensibly equal in

magnitude, there is, as in all cases of this kind

where the angular motion is rapid and the early

measures separated by considerable intervals of

time, some uncertainty as to the proper quadrant

to be given to some of the measured angles. It is

always a difficult pair. The maximum distance

probably does not exceed 0*25.

Two orbits have been computed for this pair, the

first by GLASENAPP, using the measures down to

1891.97, giving a period of 16.35 years (A.N. 31 19);

and the other by SEE from the measures to 1897.19,

with a period of 5.5 years (Man. Not. June 1897).

To reach the last result, it was necessary to subject

some of the measures to corrections of 180 in the

angles, which seemed hardly warranted when the

observations were considered as a whole. It also

required the rejection of the three measures of

1891.97 with the 36-inch refractor. On the whole,

from a careful consideration of all the measured posi-

tions made, it is practically certain that the period

of five and one-half years is not correct, and, fur-

thermore, that in consequence of the non-agree-

ment of some of the measures with any apparent

ellipse which can be selected, the real period, even

approximately, cannot be known until the compan-
ion has moved over a larger arc, and particularly

through the first quadrant. It has been well

observed during the last two or three years, but

even now (1899) the true form of the apparent

orbit, for the reasons stated, is somewhat uncertain.

It is probable that the period will not be far from

that of GLASENAPP, but the other elements may
differ very widely.

This star, according to PORTER, has no sensible

proper motion.

[p(xm).../33.../3 (3048,3114)... ft (Pub. L. O. ii)...Sp(in)
. . .Glasenapp (3119). . .Comstock (Pub. Washburn Obsy.

x). . .See (Man. Not. LVII, 577) (Pop. Ast. V, 245) (A.J.

359). . .See (3496). .Hussey (A.J. 427). . .Aitken (3465)

...Aitken (A. J. 415, 429) (Proc. A. S. P. IX, 238)...

Barnard (A.J. 435) . . . Lewis and Bowyer (Man. Not. LIX,

400). . .Hussey ( )... Aitken ( )... Barnard (A.J.

435, 447). ..Barnard ( )...]

1&0

2f&

1884.

fl 833

1889.1

1388.1

1888.3

1898.7

189

o"i
1 1

o'.'s

1

Scale

ft 883

P 552. Orionis ii. Lalande 9109

R.A. 4
h
45 4

s

Decl. + 13' 27'

1874.95

1877.97

1886.19

1886.22

1889.19

1890.96

1891.13

1892.06

1893.07

1894.15

1894.88

1896.11

340+
360+
265.0?

o.s

o.8

o-5

Single

0-35

-33

0.3+

144.7

156.7 -33 6.9-

153-8

Apparently single with 36-inch

165.3 -35

178.2 0.38+

177.0 0.40

179.9 -35

7

.10

.IO.2

IH ft

in HS
in H2
in Sp

3

8 Sp
2tl ft

in Sp
2 Sp
2 Bar

7" Sp
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P 1237. Lalande 9145
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p 554. Aurigae
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With this movement and the positions of 1888,
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P 885. Lalande 9758
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inches, although the distance was estimated as a

quarter of a second. This would seem to be impos-
sible for any ordinary telescope of that aperture,

although with such a distance it should be plainly

elongated. It is evident that one or the othef of the

measures of 1878 must be erroneous. STONE noted

it as "pear-shaped" with the Cincinnati ii-inch

refractor in 1879. The Paris measures by HENRY
with the 15 inch I get at secondhand, as I have

not seen the original observations in print. The

angle agrees well enough with the previous meas-

ures. One of two conclusions seems obvious :

Either this star is not double at all, the elongation

supposed to be seen on the different occasions

mentioned being due to atmospheric or other

causes; or, if double, it must be moving with great

rapidity. The negative results can be explained in

no other way. I dislike to believe that I have been

deceived by any spurious elongation of the small

star, as this would be the first time such a mistake

has happened in my experience in double-star

observations
;
but certainly niy subsequent failures

to see this star double would tend to that con-

clusion. It should be carefully examined each

year, because if it is really double, it cannot remain

apparently single very long. On no occasion has

the bright star presented an unusual appearance ;

and when B was seen double, other small stars in the

vicinity were examined, and they were all appar-

ently round.

There has been no change in the position of B
with reference to A. It has been frequently meas-

ured by most of the double-star observers. Enough
measures are given above to show relative fixity.

The faint star C was first mentioned by MITCHELL
in 1846. The foregoing measures are all that have

ever been made of this star.

[Since the foregoing was written I have received

the recent measures of AITKEN and HUSSEY made
with the great refractor at Mt. Hamilton. There
is no longer any doubt of the duplicity of this star.

It is equally certain that the period will be very
short perhaps shorter than that of any known

system.]

AUWERS gives the proper motion of Rigel
ofoiS in the direction of 2^.2. This movement
would not affect the distance of the Herschel

companion, but would decrease the angle 7?6
between the measures of 2 and those of 1898. It

is therefore practically certain that A and BC form
a physical system.

The following references relate to the duplicity

of B:

/3 (x). . .ft (Eng. Mech. Feb. 9, 1872) (Man. Not. xxxvni,

476).../3'.../3'.../33...j3 (2929,3048,31 14) ... Sadler (Eng.
Mech. Feb. 4, 1887) .. .Russell (Pub. Sydney Obsy. 1871-81)

(Observatory ii, 374). . .Cin6
. . .Tarrant (2898)... Sp (n)...

Aitken and Hussey ( ). . .]

There are many measures of the old pair

(= H 1
II. 33 = Sh 53 = 2668) in addition to those

given above. They will be found in the references

given for BC in the original catalogues of H ', Sh,

and S, and in the following :

[Herschel n (Mem. R. A. S. v, vni). . .Madler (Fixstern-

Systeme I) (Dorpat Obsns. xi, xn, xin, xv)...Dawes (Mem.
R. A. S. vin). . .Secchi (Cat. di 1321 Stelle Doppie) (Third
Series of Measures, 1855). . .Lassell (858). . .Wrottesley (Mem.
R. A. S. xxix). . .Fletcher (Mem. R. A. S. xxn). . .Wilson and

Seabroke (Mem. R. A. S. XLI1, XLIII). . .Gledhill (Mem. R. A.

S. XLII). . .Knott (Mem. R. A. S. XLIII). . .Raddiffe Obsns.

xxn... A (118.5,1735). . .A (i, n). . . Doberck (2196,2899)

(Trans. R. I. Acad. xxix, Part 13). . .Lassell (Man. Not. XIII,

183). . . Winnecke (As/. Beob. Sternwarte zu Berlin, v)...
Mitchell (Sid. Mess. May 1847). . .Cin<. . .CinS. . .Cin6

. . . Sp
(n). . .Jedrzejewicz (2449)... Maw (Mem. R. A. S. L, 75)...

Hall (n). . .Glasenapp n)...]

P 3I7- Lalande 9852

R.A. 5
h 8 54

s

1876.05

1877.11

1891.87

1898.14

12.4

ii. 6

ii. 8

n-3

Decl. 23

i

9.16

8.06

8-53

8-95

7-5...H.O in

7.5 . . . 10.0 in

7. 4... 10. i 3

Cin

Cin

ft

See

Discovered with the 6-inch. Evidently fixed. SEE
measures a distant star 46?5 : 18^75 (1898.14) in.

[/S ( vi). .. /S (2062,3114). . ./8 (Pub. L. O. ii). . .Cin3. . .Cin*. . .

See( )...]

P 885 1. Lalande 9823

R.A. 5
h iom os

Decl. +37 3o'

1880.21 69.3 2.31 7-S-.. 9-S 6 ft

1898.87 69.3 2.30 ... \n Hu
1899.05 67.2 2.50 8. 2... 10.5 in /3

Discovered with the 18^ -inch.

[/3 (xill). ..3.. .Hussey ( ). . .]
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A and C
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P 556- Lalande 10159
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P 320. P Leporis



Discovered from 187 1 to i8gg by S. W. BURNHAM

P 1239. D.M.(34) 1074
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A and B (- S 734)
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AB and C (= S 753)
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P 1032. <y Orionis
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AB and C
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P 1052. Lalande 10776
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(3 92. w 2 v. 1309
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P 406. W V. 1068
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P 95- Lalande 11128
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P 564. L).M.
( 1) 1088
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o u
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p 1008. T\ Geminorum
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//
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H
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(3 1191. Lalande 12262
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in the last half century. A few only of the measures
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P 754- Lacaille 2350
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P756
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P 898. 0. Arg. S. 5753
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P 327- Lalande 13492
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P 900. Lalande 13688
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B 196. W VII. 142
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P 575- Cants Majoris 156

R.A. 7'' 9
m 21 s

)

Decl. 15 16' i

A and B

//

1878.18 199-2 0.69 8.0... 8.0 2 ft

1878.17 195.3 7.8... 8.2 yi Cin

1889.15 199-9 0.70 8.0... 8.0 in Lv

1898.29 220.8 0.34 ... in See

1899.19 216.0 0.64 ... in A

AB and C (- S 1057)

//

1831.20 1.9 15.28 7.3... 9.8 yt 2

1845.20 1.9 16.10 ... in Ma
1867.99 i-5 ^-S 7.0... 9.8 yi J

1878.10 2.1 15.87 ... 2 ft

1898.29 2.4 15.74 ... m See
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The distant star, D, was noted with the 1 8*4 -inch,
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p 21. -q Canis Minoris
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Discovered with the 36-inch. The proper mo-
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U
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Geminorum has a proper motion of of 637 in the
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Discovered with the 6-inch. One of the most

interesting of the rapid binaries from its short

period, and the proper motion of the system.

Four orbits have been found for this pair, using

the measures to the dates given :

1892 Glasenapp

1892 Burnham

1892 Glasenapp

1895 See

40.54 years

23.3 years

23-33 years

22.00 years

Man. Not. LII. 546

Pub. L.O. ii. 239

Man. Not. LIV. 318
A. N. 3297

be substantially correct by the measures of BAR-

NARD in 1894 (Ast. and A. -P. xm. 290) and subse-

quent observations. GLASENAPP'S second orbit is

from this apparent ellipse, and of course gives the

same elements. So far this ellipse appears to sat-

isfy the observations as well as could be desired,

and any improvement in the period and other ele-

ments can only come when a considerable portion

of the second revolution has taken place, particu-

larly on the following side where the angular

1875

1878

1882
Scale.

9 Argus. /3
101.

The first three are based upon the same measures,

but GLASENAPP allowed an error much too great in

the distance given in my measures in 1892. I

called attention to this (Astronomy and Astro-

Physics, xn. 494), and gave another orbit, which

satisfied this as well as the prior measures, and pre-

dicted a change in the position-angle of more than

180 in the two years following the measures of

1892, thus completing nearly one entire revolution

since the first measures. This orbit was shown to

change is rapid. These orbits are shown in the

accompanying diagram, reproduced from Publica-

tions of the Lick Observatory, Vol. II :

This system has a considerable proper motion :

Auwers

Porter

0.351 in 195.4

0.343 in 193.5

It was evident at the beginning, before it was

measured at all, that this was a binary, as otherwise
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the proper motion of one star in two or three years

would make it a very easy pair, and one which

could not have been overlooked by prior observers.

In Fig. 2 the same ellipse, which is given in the

previous diagram, is shown, with the addition of

some of the recent positions. It will be seen that

so far the orbit I found in 1892 satisfactorily rep-

resents the recent measures.

P 23. D.M. (3) 1876

R.A. 7
1 '

56 14
s

Decl. + 3 26'

1875-54
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P 202. O. Arg. S
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ponents. The principal positions of the close pair

are shown in the following diagram :

A and B (= 2 1179)

;,

'% , /

-*
'">[

MV
J<BJ ^^^

UHljB
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P 583- Lalande 15959
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p 904. S.D. (5) 2435
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P 576. Lalande 16300
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o a



Discovered from 1871 to i8gg by S. W. BURNHAM 101



102 General Catalogue of Double Stars

P 335- Lalande 17341
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P 24. Lalande 17586

R.A. 8h 48'" 24
s

)

Decl. -- 8 18'
\
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P 410. B.A.C. 3127
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P 588. Hydrac 96
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P 590. 29 Hydrae
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P 910. Lalande 18800
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P 217. Cord. G. C. 13789

R.A. io h
i
m

17
s

/

Decl. 24 18' \

11

1868.17 276.0 1.66 ... in Hd
1876.10 94.9 1.90 7.9... 8.0 4/1 Cin

1878.47 274.1 1.85 7.8... 7.9 3 Cin

1880.22 277.6 2.08 ... in Cin

1882.18 274.6 2.03 7.7... 8.0 2 W
1893.32 279.7 1.75 iy2 ... iY2 2 Sel

1898.22 282.0 1.90 ... in See

Discovered with the 6-inch. Probably without

motion. It had been previously seen by the Har-

vard observers, but not published until after ft (iv).

[|3 (iv). . ./3 (Man. Not. xxxiv, 382) Cin3. Cin5 Cin 6
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P 593. X Hydrae
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P I28l. Lalande 20278
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A and D
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P 1076. 55 Leonis
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p 599. 65 Leonis
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P 1283- D.M. (16") 2235
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certainly fixed. The foregoing are all the meas-
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P 602. Lalande 22262
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orbital motion, and will probably have a short
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P457- 0. Arg. S. 11836
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P 921. Corvi 22
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P 923. Virginis 1 68
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there has been no change. Previously seen at Har- .
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o //
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P 929. 48 Virginis
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P 799- Groombridge 1960
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Discovered with the 6-inch. There is no indi-
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1866. It seems to have been neglected since that
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system in rapid motion. In the twenty years cov-

ered by the measures, the companion has passed
over an arc of 175. GLASENAPP, from the meas-

ures down to and including 1892, has computed an

orbit from which he finds a period of 30.00 years

(Astronomy and Astro-Physics, June 1892). This

represents the observations as well as could be

desired, but evidently the arc was too short for any

very accurate determination, and even now widely

differing apparent orbits will satisfy the observed

positions equally. It is probable that the measures

of the next ten years will furnish sufficient data for

an orbit which shall be substantially correct. The

principal measured positions are shown on the

accompanying diagram :

I*
11

1 f /
S\_ . >__
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A and C (= S 1780 rej.)
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AB and C
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P 344- O.Arg.S. 13285
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Discovered with the 15^ -inch at the Washburn
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Discovered with the 6-inch. No material change.
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Doppie). . .Wrottesley (Mem. R. A. S. xxix). . .Obsns. at Bar-
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P 117 Lalande 26481
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P 226. Lalande 26665
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807. Schj. 5216

.A. 14" 36"" 37
s

/

iecl. -- 6 18' \

R
Decl

1.24 8.o. .. g- 1 3" ft

1.15 8.0 . . . 9.0 in Lv

1.19 8.5 ... 9.7 3 Com

-inch at the Washburn

1881.41 239.0

1888.46 241.0 i.i

1888.46 237.2 i.i

Discovered with the

Observatory.

[|3(xil). ../3V. .Lv 1
. . . Comstock (Pub. Washburn Obsy. vi) . . .]

P III3- B.A.C. 4886

A and B(=H' VI. 117= S 663)

o //

1825.35 219.1 56.69 7-5...IO 2n S

1878.34 219.5 59-44 6.5... 2 ft

1898.39 219.8 60.44 6.2... 3 A

The smaller star of HERSCHEL'S wide pair was
found to be double with the i8>^-inch. The
measures show no change in the last twenty years.
All the measures of AB are given above. There
would seem to be an increase in the distance, im-

plying a proper motion of about 0^05 in a direc-

tion nearly opposite B. There is an error of 16'

in the declination of this star in H 1
.

[/3(x).../3'...Cin
6 ...See (3496). . . Aitken ( )...]
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The close pair was discovered with the 6-inch,

the distant star E with the i8j^-inch, and the faint

companions, C and D, added with the 36-inch.

The large star has a proper motion of o'.og'j in the

direction of 26o?6 (AUWERS), and it is obvious

that this belongs to both components. It is proba-

ble that the distant companions are not attached

to the binary.

[P(ll)...P(Afon. Not. XXXIII, 437)... /3'.. ./3 (2957).. . (Pub.

L. O. n). . .Wilson and Seabroke (Mem. R. A. S. XLIII)

...A (!).../! (2081)... Sp (11). . .Cin<. . .CinS. . .Engel-

mann (2678). . .Wilson (Cin
10

). . .Tarrant (2866,3186). . .

Lv'...Lv (Sid. Mess, vm, 77). . .Glasenapp (l)...Doo-

little (Pub. Flower Obsy. l). . . Aitken (3465). . .Scott (Man.
Not. LIX, 427). . .Aitken ( )...]

P 3 1 - Lalande 27106

change in the direction of C. This triple is about

31' sf Bootis.

[|S(i).../3 (Man. Not. XXXIII, 351)... /S'. . .(33. . ./3 (3048).. .ft

(Pub. L. O.n). . .A (i). . .Engelmann (2678). . .Sp (in). . .

Lewis (Afon. Not. LIV, 317; LIX, 400). . .Aitken (3395). . .]

P Il8. O. Arg. S. 14034

R.A. I4
h

47 I
s

Decl. 16 i'

1875.90 307.4 1.83 9. 8... 10. 7 2n J

1879.87 306.1 1.86 8.5...io.o 211 Cin

1886.30 308.6 1.95 8.0... 9.0 i LM
1888.35 36-4 1.59 10. o... 10.5 211 T

Discovered with the 6-inch. Without change.
It is 2^

ra / and 28' s of a Librae.

[ft (ill). . .|3 (Man. Not. xxxiv, 59). . .A (i). . .CinS. . .Cin 6
. . .

LM. . .Tarrant (2991). . .]
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Discovered with the iSj^-inch. Not in the D.M.
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1/3 (iv). . ./3 (Man. Not. xxxiv, 382). Cin3 CinS Cin6
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The close pair was discovered with the 36-inch.
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o *
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P 240. W'XV. 731

R.A. 15" 39 32
s

/

Decl. + 4 24' f

A and B

1875.90 i35?4 2.35 8.S...IO.O 4 J

1880.46 135.9 2 -49 8.5... 9.0 in ft

1892.70 135.0 2.27 8.4... 9.8 3 Lv

1899.26 134.0 2.33 8.5... 9.3 in ft

A and C

O II

1880.46 42.1 27.88 ...11.5 in ft

1892.36 40.2 28.33 ...12.0 2 Lv

1899.26 39.7 28.73 ...n. 8 in ft

Discovered with the 6-inch. Fixed. By an error

in the reduction, the distance in /3
3

is printed 31 ?6o.

1/3 (v).../3 (Man. Not. xxxv, 31). . .p. . .4 (l)...Lv (A.J.

278) (Proc. Haverford Coll. Obsy. 1892). . . ]
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P 810. wxv. 1156
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position of B would be verv apparent in the time
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P 812. W 2 XV. 1553
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Discovered with the 36-inch. AUWERS gives the
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Discovered with the i8^-inch.
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This distant companion was noted with the i8j^-



Discovered from i8*]i to 1899 by S. W. BURNHAM 153

B was discovered with the 1 8*^ -inch, and in
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P 627. 52 Herculis

R.A. 16" 45
m

43
s

/

Decl. + 46 12' \
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Discovered with the i8^-inch. There is no

relative change, but it must be a physical system,
as the components have a common proper motion

of ofi 19 in the direction of 282?! (AUWERS). If

the small star was fixed, the change in the position

angle to 1891 would be about 25? The measure

by OS is noted "very uncertain."

[ft (xin). . ./33. . .ft (3114). . .ft (Pub. L. O.n). . .02 (Poulkowa
Obsns. x

) . . . Doolittle
(
Pub. Flower Obsy. I ) . . . HS

( )...]

P 955- Redhill 2542

R.A. i6 h
55

m
50

s

/

Decl. + 82 3' J

o //

1880.68 348.0 0.54 8.2... 9.5 in ft

1891-32 35 2 - 0.64 8.1... 9.3 3 ft

1898.63 351.0 0.76 8.2... 9.5 yi A

Discovered with the iS^-inch. Itis'n' s of e

Ursae Minoris and 2
"l

27
s

/.

|jS (xni) (33 ft (3114) /3 (/W< Z O n) Aitken
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270

following dates and observers are represented by

complete measures of angle and distance :

1781 i n

1820 2n

1821 i

1828-36 (4) J3

1840 6

1848 in

1855 is

1858 3

1863 in

1866 6

1868 3

1871 i i n

1872 7

1875 7

1876 3

1877 8w

1879 3

1883 io

1885 7

1886 3

1888 3

1889 io

1893 7

1895 io

H'
2

Sh

2

Da
Da
J

J

J

J

Du

OS, Du
J

Du

Jed
Hall

Jed

Per, En, Jed

Hall, Per, Jed

Jed
Maw

P, Hall, Maw
Leavenworth, Comstock

See, Collins, Comstock

It is evident that the distances in the early meas-

ures of STRUVE, and HERSCHEL and SOUTH, 1819
to 1821, are too large, or that the distance in 1781

is too small. The later measures of STRUVE appear
to show that his previous measures of distance were

much too large, and he seems to have considered

them as not very reliable, since they are not men-

tioned in MensurcB Micrometricce.

One orbit has been computed for this system.

BERBERICH (Astr. Nach. 2582), from an examina-

tion of the measures down to 1883, found a period
of 648.0 years. As in all double stars as wide as

this, and as easy of measurement, where the

observed arc is short, the various measured posi-

tions are well represented by the apparent orbit
;

and, so far as the agreement between the observed

and computed places is concerned, there is nothing
for unfavorable criticism ; but it is obvious enough
from even a casual inspection of the diagram that

the data are altogether insufficient for even the

roughest approximation to the apparent ellipse and

the elements of the real orbit. Indeed, as might
be expected, the measures since 1883 are steadily

leaving the computed positions. The chances are

that the relative change will finally resolve itself

into orbital motion; but, judging from the motion

in the last hundred years, it will be a very long

time before anything more than the bare fact of

physical connection can be established, to say

nothing about the details of that relation.

By way of showing how easily these positions

are represented by orbits wholly unlike in all

respects, I have given on the diagram two of the
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many which could be found. So far as the observed

arc is concerned, these figures are practically iden-

tical, and represent all the measures down to 1883

as well as, if not better than, the computed orbit,

and the six later positions are much better repre-

sented. HERSCHEL'S distance is practically per-

fect, and the angle requires a correction of only

2?8, which is much less than the probable error of

measures made in the last century. The ellipse

with a major axis of 5^88 gives a period of about

280 years, and the circle with a diameter of g"i6
a period of 1190 years, the eccentricity in the

one case being 0.84, and zero in the other. Of

course an almost infinite variety of conic sections

could be shown which would be equally satis-

factory, so far as the measures are concerned.

Monthly Notices R. A. S. LVII, 547.

A few only of the measures of AB are given,

all will be found in the following :

[Madler (324) (Fixslern-Systemel) (Dorpat Obsns. xi, xm,
xv) . . . Herschel (Mem. R. A. S. v). .. Mitchell (Cin

z
)...

Wrottesley (Phil. Trans. 1851) (Mem. R. A. S. xxix). . .Miller

(806). . .Fletcher (Mem. R. A. S. xxn). . . Obsns. at Bishops

Obsy.. . .Dawes (Mem. R. A. S. vm, xix, xxxv). . .Greenwich

Obsns. 1840. . .Kaiser (1519) (Annalen der Stern-Leiden, III)

. . .Winnecke (1738) (Ast. Beob. Stern, zu Berlin, v). . . Obsns.

at Barclay's Obsy. n. in, iv. . .Secchi (1614) (Cat. 1321 Stelle

Doppie~) (Serie Seconda delle mesure microm. Coll. Rom. 1863-

66) . . . Radcliffe Obsns. xxn, xxvn, xxix, xxxn. .. Annals

Harvard Obsy. XIII. . . Duner (Mes. Microm. Lund, 1876). . .

Ball (Dunsink Obsns., Part 5)...Brunnow (Dunsink Obsns.,

Part 3) . . . Plummer (Oxford Obsns., No. i) . . . Flammarion

(Etoiles Doubles et Multiples'). . .Gledhill (Mem. R. A. S. xi.ll)

. . .Wilson and Seabroke (Mem. R. A. S. XLII, XLIII, XLVI, I.)

...Engelmann (1674,2677) ... Pritchett (Pub. Morrison Obsy.

I). . .Bigourdan (Paris Obsns. 1883) (Bui. Ast. xvm). . .Sea-

grave (Sid. Mess, n, 22). . .Doberck (2092,2198,3023) (Trans.

R.I.Acad. xxvi, xxix)... OS (Poulkowa Obsns. ix). . . A (\,

11) . . . A (1032,1115,1474,1735,2081) ... Jedrzejewicz (2369,

2772). . .Goldney(2557). . .Berberich (2582). . .Kustner (2584)

...Perrotin (2529) (Nice Obsns. n)...deBoll (2753). . .Tar-

rant (2866). . .Knorre and See (Beob. Berlin, No. 6, 1892). . .

Jones (A.J. 312) (Prof. Haverford Coll. Obsy. 1891, 1892). . .

Hall (l, II) (Wash. Obsns. 1885). . .Maw (Mem. R. A. S. L, LI,

LIII). . .Searle (A.J. 299). . .Glasenapp (in). . .Collins (A.J.

378). . .Comstock (Pub. Washburn Obsy. x). . .See (A.J. 359)

...Lv (A.J, 382). . .Morgan (A.J. 439). . .Doolittle (Pub.

Flower Obsy. l) . . . ]

1118. Ophiuchi

R.A. i?
h

3
m

30
s

Decl. -=-
15 34'

1889.39 274.7

1890.45 271.1

-3S

0.38

3-4- 3-9 4

4

1892.40
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P 956. O. Arg. S. 16420

R.A. 17'' 4
m 10 )

Decl. 26 33' \
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duced from Pub. L. O. n, pp. 245, 247). It will

be seen that the first ellipse best represents the later

measures.

This system is of additional interest by reason of

its large proper motion of if 15 in the direction of

98?! (PORTER). This movement and the rapid

angular motion in connection with the compara-

tively large apparent distance between the compo-
nents, suggests the possibility of this system having

a considerable parallax. This should be investi-

gated by observers in the southern hemisphere.
In Fig. 2 I have given the principal measured

positions down to 1899. While the general form

of the apparent orbit is fairly well indicated, an

investigation of this time could give only a provis-

ional value. A revolution will soon be completed,
and then a reliable determination of the elements

can be made.

The distant star, noted by HERSCHEI. at the Cape
of Good Hope, was not measured by him, and the

angle only estimated from a diagram. The fore-

going are all the measures I have found of this

star. The measures since 1889 show bevond ques-

tion that this star is moving in space with the close

pair, and that the three form a triple system. SEE

measures a 13.2 in star 86? i : 55 ^42 (1897.38) i.

The principal star is B.A.C. 5825 (= LACAII.I.E

7215). The different estimates of magnitudes are

not very accordant; in B.A.C. 6; GOULD 6.1;

YARNALI. 7.0; Cape 7.6.

f/3 (vn)... /3 (2103,2957,31 14,3142)... /3 (Pub. L. O. n)...

(Sitt. Mess, x, 489) (Ast. &* A.-P. xn, 792). . . Russell (Pub.

Sydney Olisy. 1871-81 ).. .Cin 4
. .. 1'ollock (Pub. Sydney

Olisy. 1891) (Mem. K. A. S. L). . .Sellers (3154,3240.3274,

3303.33691 . . . Barnard (A. J. 447) . . . Comstock (Pub.

Wa sitburn Obsy. x) . . . See (A.J. 359,372.378) ... bee (3496)

. . .Lehman (Ast. Soc. Pac. ix, 141). . .Everett (Man. A'of.

I.VI, 464)... Scott (Brit. ~Ast. Asso. VIII, 66) (Man. Not.

i.ix, 427). . . Innes (A.J. 385) (Man. Not. LVIII, 90)...

Aitken (3396,3465,3585). . .Aitken ( ). . .]
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iho

s

fl 4

P I20O. Lalande 31421
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either companion. This is a naked-eye star in

Ophiucus; GOULD 6.1 m. B.A.C. 5839.

1/3 (m)...p(Afon. Not. xxxiv, 59). . ./33. . ./3 (3142). . ./3 (Pub.

I,. O. ii). A (i) zl (2086) Cin4 Cin 5 Lv 1 ...
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P 1248. D.M. (4) 3406
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Discovered with the 12 inch. A and C are re-

spectively D.M. (53) 1938 and D.M. (54) 1875.

[/3 (xvin). . ,/3 (311.5). . .&(Pub.L. O. II). . .Aitken (,4.7.429)

. . .Brown ( ). . .]

P 1250. W XVII. 559

.A. i/
h 20'" I g

s
)

eel. + 30 52' f

R

Decl

1877-26 57- 6 i-93 io. 3... io. 8 yi J

1884.65 60.2 1.41 8.7... 8.7 2>i Ho

1891.72 63.7 2.02 9.4... 9.5 2 ft

1896.99 68.9 2.23 ... 2ft Lew

1897.58 67.5 1.84 ... 2 Bow

1897.71 64.8 1.99 ... yi A

1898.70 64.2 2.26 ... 2 Bry

1898.70 65.7 2.18 ... \n Lew

Discovered with the 6-inch May 31, 1876, but

not included in my catalogues of new pairs pub
lished at that time. It is the -f star of a small equi-

lateral triangle, all in the field. The magnitude in

D.M. is 8.5.

[0 (xvin). . . (3 (31 13). . .p(P,,b.L. O. n). ..A (l, p. 347). . .Ho

(2978). . . Aitken \A.J. 429). . .Lewis, Bryant and Bowyer
(Man. Not. LIX, 400). . .

]

P 129 = P II2O. Piazzi XVII. 100

R.A. 17'' 2l m 14
s

Decl. 25 24'

o li

1877.41 100.2 0.96 7.5... 8.0 \n Cin

1879.34 98.8 1.09 8.0... 8.0 \n Cin

1880.59 279.4 i. io 7.5... 8.0 yi Sp

1889.14 100.o 0.93 7.0... 7.0 yi ft

1890.50 103.3 7.2... 8.0 2 Gl

1893.65 100.2 0.86 7 V2 . . . 75-2 2n Sel

1897.57 99- -93 7 7~H 3n A

1897.65 106.4 1.02 8 ... 8.4 in See

Discovered with the 6-inch, and inadvertenty put

as new in ft (xvi). Apparently without change.

This is B.A.C. 5896.

[j3 (in, xvi). . .0 (Moil. Not. xxxin, 437). . .0(2956). . .$(Pub.
L. O. HI. . .Cin 4

. . .Cm'. . .Sp (n). . .Glasenapp (i)...

Sellers (3240). . .Aitken (3465). . .See (3496). . .]

P 1089. W XVII. 387

R.A. I7
h

23'" 22s
)

Decl. 5 48' \

Discovered with the 1 2-inch. There may be a

change in the angle. Lalande 31816.

{(13 xv). . .0 (2929). .P.(Pul>. L. O. II). . .Aitken (3465). . .]

P 1201, O. Arg. N. 17215

R.A. 17'' 26'

Decl. + 67

'"
37^ )

52' \

1890.49 338.2 0.43 7.8... 7.8 3 ft

1898.62 340.4 0.43 7.9. .. 8.0 yi A

Discovered with the 36-inch.

[0(xvil).../3(3o4 7).../3(/>*. /.. O. n)... Aitken (3585)...]

P 1090. Draconis

R.A. 17'' 27 43
s

)

Decl. + 52 23' \

1889.26 13.4 3.97 3 ...14.0 4/1 13

1890.34 12.8 4.18 ...13.8 3 ft

1891. 31 12.3 4.06 ... 1 4.5 3 ft

1892.32 13.7 4.04 --.13-7 3" ft

1898.31 12.2 4.27 ...14.0 4// ft

The minute attendant to /3 Draconis was discov-

ered with the 36-inch. It is beyond the reach of

all but the largest refractors. AUWER'S latest value

of the proper motion of the bright star is 0^0196
in the direction of 2go?9. This movement is

small, but if the small star was fixed in space, it

would increase the position-angle 2? 5 in the inter-

val between 1889 and 1898. The measures do not

seem to indicate any such change in the direction

of the companion, and the probabilities are that it

is moving with the primary.

[0 (xv)... (2929,3048,3114,3142)... (Pub. L. 0. II)... 1

II2I. D.M. (12) 3264

1888.64 365.2

1897-52 354-6

0.95 6.8. . . i i.o yi /3

0.92 7.0. .. i i.o yi A
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Discovered with the i8^-inch. Two minute
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P 1123. Cord. G. C. 24262
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not show any change in the distance, and the two
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AB and C
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A and C (- 2 2268 = S 699)
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P 636. Lalande 33280
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covered by the measures the position-angle would
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2-]2.g (AUWERS). This is too small to say with



Discovered from 1871 to i8gg by S. W. BURNHAM 175

These faint companions were noted with the i8j^-
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This difficult pair was discovered with the 6



Discovered from i8jr to 1899 by S. W. BURNHAM 177

[0 (v, x). . .0 (Mon. Not. xxxv, 31). . .0'. . .0 (3114,3142). . .

(Pub. L. O. n)... (A. J. 271)... Sp (li)...Doolittle
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[/S (x).../3'.../33.../3 (3048)... (3 (/>. L. 0. II)... ^ (I)...
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Discovered with the 6-inch. There is a third
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P 420. W XVIII. 722
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P 967- S.D.(i 4 )5iS2
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A and D (= 2 38 App. i)
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P 971. Draconis 205

R.A. 18" 44
m

24
s

Decl. + 49 18 i

1879.39 35 - 1 8.0... 8.0 in Cin

1879.88 354.7 0.54 6.5. .. 8.5 2 ft

1891.48 364.5 0.36 6.8... 9.2 yi ft

1893.54 107.0 o.25 ... 2/1 Lv

l894.-6l Single, 36-inch 2 Bar

1897.43 ii.6 0.30 ... in Lew

1898.70 5.2 0.36 6.5... 9.0 in A

Discovered with the i8^-inch. It is certainly a

binary, and in rapid motion. In 1891 it had

become a difficult pair with the 36-inch, and ap-

peared to be rapidly closing. Three years later

BARNARD found it single with the same instrument.

Under fair conditions 1898.56 I could not see any

certain elongation with the 4O-inch. The single

observation of AITKEN is noted as
"
very difficult

and uncertain." The difference in magnitude of

the components makes it a much more difficult

pair than it would at first seem to be. The meas-

ures indicate that the plane of the orbit is nearly in

the line of sight. This is B.A.C. 0421 = Lalande

35II9-

(P (xm).../33...j8 (3114). ../S (Pub. L. O. n). . .CinS. . .

Lv (A.J. 382). . .Barnard (A.J. 447). . .Lewis (Man. Not.

LIX, 400). . .Aitken ( )...]

P 265. Lalande 35060

R.A. l8h 44
m

38= )

Decl. + 11 23' \
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p 1033. v' Sagittarii
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A and C
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1898.40
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I examined it with the 6-inch, and saw it without
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AB and C (=. O2 (App.) 177)

o //

1874.96 288.3 120.76 ... 7.5 3 d

1891.08 287.1 118.07 6.7... 7.7 4 Fr

1898.56 286.5 n6.54 ... 7.0 2 A

The principal star of this very wide pair of bright

stars was found to be a close double with the 6-inch.

The measures, so far, show no change. There are

several other faint stars nearer than C
;
one a 13 in

star from AB, io3?6: 27^75 (1899.44). The

change in C is due to proper motion. All the

measures are given. AUWERS gives the proper mo-

tions of the two bright stars :

// o

AB 0.030 in 270.0 = Lalande 36081
C 0.223 'n M8-5 = Lalande 36074

[ft (m). . .ft (Man. Not. xxxiv, 59). . .Newcomb (Wash. Obsns

1874). ..Sp(n, app)...Sp (2133)... d (i)...A (2086)...

Hough (2978) . . . Sp (in) . . . Tarrant (2991) . . . Franz.

(3464). . .Kechenberg (3482). . .Maw (Mew. A'. A. S. Llll)

...Ailken(3S8s)...]

P 422. O. Arg. S. 19281

R.A.

Decl.

7
m

43
s

18 16'

1879.54 44.1 ... 8.o...i2.o in Cin

1891.57 44.6 12.40 8. 2.. .11. 8 3 ft

1898.54 42.0 12. 61 7.6... 9.9 yi D

Discovered with the 6-inch.

[ft (vn)...ft (2103,3114)... /3 (Pub. L. O. n)...CinS...Doo-
little (Pub. Flower Obsy. i). . .]

P 975- Lalande 36263

R.A. ig
h iom 4

s

Decl. + 34 21
'

B and C

1880.59 221.8 0.77 ... 9.4 yi ft

1881.63 220.3 0.82 io.o...io.2 yi Ho
1890.63 222.3 - 8 3 9. 3... 10. 2 yi ft

A and BC (= OS 367 rej.)

o //

1843.66 229.5 3373 ... in Ma
1866.86 228.1 33.57 6.8... 9.3 3 J

1880.59 228.0 33.42 7-4... 8.9 2 ft

1881.62 226.6 33-54 8 ...10 in Ho

1890.63 227.3 33.34 7.5... in ft

The close pair was discovered with the i8j-
inch. There seems to be no material change in

this or in O2 367 rej. This was excluded from the

last edition of the Poulkowa Catalogue by reason of

the distance between the components. All the

measures of these stars are given above. HOUGH
measures a 12 m star from A, 68?4 : 22^95

(1881.26) IH.

[ft (xm). . .(33.. .ft (2341,3048). ..(3 (Pub. L. O. n).. .Hough
(2978). . .Macller (Dorpat Obsns. xi). . .A (i). .

."]

P 140. Lalande 36185

R.A. I9
h iom 12 s

)

Decl. 11 n' \

B and C

o a

1879.54 206.9 ...n.o i Cin

1891.56 209.3 7- I 8 n.o... ii. 2 2 ft

1896.66 208.6 7.66 10.9... ii. 6 yi Lv

1898.59 209.6 7.13 ... 2n ft

1898.66 209.8 7.35 10. 7... ii. 2 3 D

1879.54 317.9

1891.55 326.9

1896.66 324.9

1898.59 325.5

1898.66 325.9

A and B

i

33.98 8.O...I2.O in Cin

36.87 7.6... 3 ft

37-3 3 Lv

37.26 ... 211 ft

37.46 7.2... 3 D

Discovered with the 6-inch. There appears to

be no change in either companion. There is evi-

dently an error in the first distance of AB. With

a correction of one revolution in reading the

micrometer, the distance would become 37^34.

[ft (in). . .ft (Man. Not. xxxiv, 59). . .j3 (3114). . ./3 (Pub. L. O.

n). . .CinS. . .Lv (A. J. 407). . . Doolittle (Pub. Flower

Obsy. I). . .

p 1256. w xix. 265

Decl. + 6

36
s

|

T \

1891.56 37-i

I893-77 38-2

1898.59 36.8

1898.74 36.1

0.64 8.3... 8.3 y, ft

o.5 ... in Sp
0.71 8.4. . . 8.9 yi A
0.60 ... in Bry

Discovered with the 36-inch. The planetary

nebula, Dreyer 6781, is 12' r*.

[ft (xvm).../3 (3113)... Sp (in).. .Aitken (3585) ... Bryant

(Man. Not. LIX, 400). . .]
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P 248. 2 Vulpeculae
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ofo54 in the direction of 36? 2. If that is substan-
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P 651. D.M. (27) 3409
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The following include all the observations of the
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P 249. Lalande 37227
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The more distant star, C, was added with the



Discovered from 1871 to iSgg by S. W. BURNHAM 197

Discovered with the 36-inch.

[ft (xvi). . .ft (2956). . .ft (Pub. ].. O. II). . .Lewis (Man. Not.

Lix, 400) . . . Aitken (3585) . . .
]

P 657. W 2 XIX. 1209

R.A. iQ
h
38 40

s

Decl. -j- 22 21
'

1877.74 140.1 -93 9.2...io.o zn A

1878.78 144.4 O.gO 9. 2... IO.7 I ft

1892.71 328.2 0.80 9.o...io.o 2n Ho
1898.65 147.7 0.84 9.o...io.o 3 A

Discovered with the i8^-inch. The change, if

any, is slow.

[ft (x). . .ft'... 4 (I). . .Hough (3234). . .Aitken (3585). . .]

P 658. B.A.C. 6762

R.A. 19'' 39
m

I
s

)

Decl. +26-51' \

1878.53 295.2 0.57

1882.62 295.9 -63

1882.68 286.5 o-S 1

1889.16 290.8 0.56

1889.56 299.9 -5

6.5 . . . 10.0 in ft

7.0. . . 10.0 in OS
6.5 . . . IO.O in Perry

9 H2
6.7.. . 9.7 3 ft

1889.86 297.4 .45 3 Sp

[897.63 291.1 0.50 ... 3 Lew

1898.72 310.9 o.59 6.0... 10.5 2 D

Discovered with the iSj^-inch. Relative change
is not very certain, but the components evidently
have the same movement in space. The proper
motion of the principal star is of062 in the direc-

tion of i95?o (AUWERS), and this is therefore a

physical system.

[ft (x). . .ft'., .ft (2957). . .0 (Pub. L. O. II). . .OS (Poulkowa

Obsns. x) . . . Perry (Eng. Mech. xxxvi, 65) . . . Sp ( III) . . .

Doolittle (Pub. Flower Obsy. l) . . . Lewis (Man. Not. LIX,

400)... HZ ( )...]

P 467- O. Arg. S. 19936

1879.61 135.0

1886.72 131.2

1892.52 134.2

I897-75 !3 6 -7

1898.62 133.4

R.A. 19''

Decl. -
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P 828. D.M. (5-) 4290
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P 659. Rumker 7844
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P 425. Lalande 38087
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evidently a case of unusual motion in a pair of this
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Discovered with the 6-inch. Without change.
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P 833. Lalande 38625
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P 762. Lacaille 8392
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p 985. w* xx. 448
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P 1259. W"XX. 563
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P 443. Lalande 39293
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A and B(=H' II. 51 = Sh 323)
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The close pair was discovered with the 6-inch,



Discovered from i8ji to 1899 by S. W. BURNHAM 2 I 1

P 670. U.M. (13") 4435

R.A. 20h 27 17
s

\

Decl. + 13 32' \
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Discovered from 1871 to i8gg by S. W. BURNHAM 213

The principal positions down to 1899, and the

last orbit given above, are shown on the accompa-

nying diagram.

iko

Scale

ft Delphini. /3 151.

The elements of the several orbits are as follows :



214 General Catalogue of Double Stars

P 672. 71 Aquilae
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Discovered with the 9.4-inch at the Dartmouth
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[|3 (i). . .p (Man. Not. xxxin, 351). . .(8(3114). . .p (^*. Z. O.

II)... J (2086)... Sp (m)...J (I)... Perry (f. Mech.

xxxvi, 65) . . .Lewis, Bowyer and Dyson (Man. Not. LIX,

400) . . . Aitken (3585) . . . Brown ( ) . . . ]

p 152. Cephei 55

i8 s
)

57' \

R.A. 20h

Decl. +56 57

O II

1876.01 in.o 0.45 7.2... 8.0 5 J

1878.53 112.3 o-55 7-0- 9- i

1885.57 no. i 0.56 ... 2 H2
1889.40 107.5 0.60 ... 6n Sp

1897.90 106.8 0.50 ... in Br

1898.68 103.6 0.67 7.5. .. 9.0 3 A

Discovered with the 6-inch. There may be some

change in the angle. This is Radcliffe 4932.

[j8 (lll).../3 (Man. Not. xxxiv, 59). ..'...4 (l)...J (2086)

...Sp (ill) ... Aitken (3585) . . . HS ( )... Brown

P 834- D.M. (6) 4638

1881.58 134-0

1886.86 131.7

1887.81 133.3

1898.68 130.9

Discovered with the i5*^-inch at the Washburn

Observatory.

[P (xn).../3...Updegraff and Lamb (Pub. Washburn Obsy.

v). . .Comstock (Pub. Washburn Obsy. VI). . . Doolittle

(Pub. Flower Obsy. i) . . . ]

P 153- B.A.C. 7187

R.A. 20h 40 ios

Decl. 26 51'

1876.78 282.2 1.61 7.5... 9.0 i .Cin

1877.70 282.7 1.34 7.0... 9.5 in Cin

1882.62 286.0 1.65 7.7... 9.0 2 W
1892.61 285.5 !-39 7.o...io.o in W
1894.73 280.0 0.89 7 ... 10 in Sel

1896.83 280.0 1.49 6.5...II.O 2 See

1897.68 273.0 1.55 7}...io 2 Sc

1897.74 274.3 1.66 ... m See

1898.71 274.1 1.38 7.1... 9.8 4 D

Discovered with the 6-inch.

R.A. 20h
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P 65. 13 Delphini
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C and D (= A)



Discovered from 187 i to i8gg by S. W. BURNHAM 219

AB and C
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1893.77 202.5

1897.84 201.4

1898.68 197.8

1898.82 200.0

2.43 8.0... 1 1. 7 yi W
2.49 ... in Br

2.37 8.4... 1 1. 4 4 D
2.55 8.0 ... 1 1.o 2 A

Discovered with the 1 8}^ -inch.

[j3(x).../3'...Cin5...LM... Wilson ( )... Brown ( )...

Aitken (3585) . . . Doolittle (Pub. Flower Obsy. l) . . . ]

P 68. O. Arg. N. 21466

R.A. 2oh ;55
m

36
s

Decl. +49 45'

1875-21 I53- 1 i-79 8 -5-- 9- 2 4" ^

1882.68 ISI.O 1.82 8.5... 9.0 Itl Perry

1892.67 151.6 1.97 8.3... 8.9 yi W
Discovered with the 6-inch. Unchanged. 2 2741

is 56
s

/ and 15 .'4 n.

[(3 (l)...j3 (Man. Not. xxxin, 351)...^ (i)... Perry (Eng.
Mech. xxxvi, 65) ... Wilson ( ) . . . ]

P 1210. Piazzi XX. 440

R.A. 20h
56 6 s

Decl. +48" 13'

1890.63 119.9

1898.42 117.2

1898.60 120.2

A and B

I

2.30 7. 6... 12. 3 3 ft

2.35 ...12.2 yi /3

2.54 7.0. .. 12.2 2 A

C and D (= OS 425)

1851.70 135.0 ... 10. 5... ii.o in OS
1890.63 134.2 4.28 10. 8... 1 1. 2 yi ft

1898.46 133.0 4.31 ... 2n ft

1898.60 133.4 4.32 ...11.5 2 A

A and C (= OS 425)

1847.49 27.6

1868.43 29-7

1890.63 28.6

1898.45 28.0

1898.60 28.0

12.33 7-.. yi OS
12. 81 7.2 ... i i.o 4 J

13-80 ... yi ft

13.80 ... 2H ft

13.98 ... i i.o 2/z A

A and E
o //

1898.46 18.0 45.17 2 ft

The close companion to the principal star of the

triple, OS 425, was discovered with the 36-inch.
All the measures of the other stars are given above,

except a measure of the angle of AD on one night,

46?o (1851.70); and from this and the angle of CD
he gives 4fn for the distance of CD.

[0 (xvn).../S (3047)... (3 (Pub. L. O. n)... OS (Pou/kowa
Obsns. IX). . .A (i). ..Aitken (3585). . .]

P 1290. D.M. (46) 3142

R.A. 20h
56"' 50

s

\

Decl. +47 I
1

)

A and B

o //

1898.44 16.3 3.90 9.2... 9.4 yi ft

A and a

1898.44 271.3 3.05 ...13-1 3 ft

B and b

o a

1898.44 25.4 2.42 ...13.8 yi ft

Discovered with the 40-inch. A pair of small

stars, each with a faint companion. It is 64
5

/and
2' s of 59 Cygni (2, 2743).

P 472. D.M. (61) 2078

R.A. 2oh 57 9
s

)

Decl. + 61 24' \

1877.69 5?8 0*66 8.2... 8.5 yi J

1893.67 6.0 0.77 8.3... 8.7 3 W
1898.97 4.4 0.87 8.3... 8.7 3 D

Discovered with the 6-inch.

[/S(ix)...|3 (Man. Not. xxxvni, 78). ..A (i)... Wilson ( >

. . .Doolittle (Pub. flower Obsy. ])...]

P 69. WXX. 1743

R.A. 20" 57 n s

Decl. +21 13'

A and B

1875.42 314.6 -97 8.2... 9.0 3 J

1881.62 313.9 0.88 8.0... 8.5 2 Ho
1882.68 313.5 1.22 8 ... 9 in Perry

1884.22 313.7 1.41 8.0... 9.0 6n En

1891.84 316.5 0.95 8.3... 9.1 3 ft

1896.72 311.7 0.72 ... in Lew

1897.62 315.2 i. 02 ... 2 Bow

1898.72 311.1 0.97 ... in Bow
l8 9 8-73 3 J 3-9 0-85 i Lew
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AB and C
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that H 1
I. 62 is identical with this pair, assuming
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C and D
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Cand D
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P 159. Lalande 41178
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<
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A and C



228 General Catalogue of Double Stars

P 1262. Lalande 41483
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P 447. Vulpeculae 1 29
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P 369. Radcliffe 5237



Discovered from 1871 to i8gg by S W. BURNHAM 231

The faint companion was noted with the 6-inch.
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P 371- O. Arg. N. 22566
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A and E
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P 373-



Discovered from 187 i to i8gg by S. W. BURNHAM
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Scale

K Pegasi. /3 989. (Fig. 2.)

maximum distance being but little more than 0*2
;

but as the components are of nearly the same mag-

nitude, the elongation can be seen with a moderate

aperture. Several orbits have been found which

differ but little so far as the period is concerned.

The several results, with the respective dates of the

last measures used, are as follows :

1890 Burnham

1892 Glasenapp

1893

1895

Burnham

See

11.13 years Pub. L. O. II. 128

11.54
" Mon. Not. LII.

548

11.37
" Pub. L. O. II. 252

11.42
" Evolution of Bi-

nary System, I

My orbit of 1893 is shown in the accompanying

diagram, reproduced from Popular Astronomy for

April 1894.

Future investigations probably will not materially

change the period, but may improve some of the

other elements of the orbit. The principal positions

to 1899.5 are shown in Fig. 2 with the same ellipse

given in the other diagram. This apparent orbit

appears so far to satisfy the recent measures.

As a wide pair this was discovered by HERSCHEL
I. in 1786. He made no measures, but described

it as "extremely unequal, the small star almost

north, but a little preceding." It was not meas-

ured until 1831, when STRUVE observed it, and

incorporated it in his great catalogue as 2 2824.

AUWERS gives the proper motion of K Pegasi 0*021

in the direction of 60? 2. The change in the distant

star is. apparently due to rectilinear motion, but it

does not correspond very closely to the proper
motion referred to. A comparison of STRUVE'S

position with a mean of the three sets of measures in

1888, gives for the annual movement of the large

star of034 in the direction of 68. The discrep-

ancy may be accounted for in three ways : the small

star may be physically connected with the other,

and the change due to orbital motion
;
or the small

star may have some proper motion of its own
;
or

the value of the proper motion of the principal

star as found from meridian observations may have

a small error. It is perhaps impossible at this

time to say which of the explanations is the most

probable.

[ft (xni)...|8!.../3 (2875,2957,3048,3114,3142)... /3 (Pub. L.

O. II, pp. 128,252). . ./3 (Mon. Not. XLI, 33 ; LI, 313). . ./3

(Pop.Asty.\, 352). . .Engelmann (2678,2742). . .Sp (ill)

. . . Barnard (A.J. 447). . .Comstock (Pub. Washburn Obsy .

x). . .LM. . .Lewis (Greenwich Obsns. 1894, 1895) (Mon.
Not. LV, 17; LVI, 359). ..Lv (A.J. 382). ..See (3285,

3314) (A.J. 378)...Aitken (3396,3585) ... Lewis and

Bowyer (Mon. Not. LIX, 400) ... Aitken ( ) . . . ]

I have given above a complete list of the meas-

ures of 5 2824 (= H 1 N. 43). These observations,

which are not included in the foregoing references

to AB, will be found as follows :

[Madler (Fixstern-Systeme l) (Dorpat Obsns. XI, XII, XIII,

xv) . . . Herschel (Mem. R. A. S. iv). . . Knott, Wilson, Sea-

broke and Gledhill (Mem. R. A. S. XLII, XLIII, xi.vi). . . J (ll)

A ( J 573)- -Annals Harvard Obsy. xin . . . Flammarion
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(Etoiles Doubles et Multiples}. . .Maw (Mem. K. A. S. Li). . .
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P 169. O. Arg. S. 21760
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P 694. Lacertae 4
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It is certain that the measures of OS and SECCHI

cannot belong to this star, unless by a curious coin-

cidence each made the same error of about 100 in

reading the position-angle. Apparently neither

observer noted the discrepancy, or it would have

been followed by further observations. It will be

seen that the measures fairly well describe ft 990,

and there is at least a probability that they belong
to that pair. It is a much more difficult double

than 2 2879. The magnitude of ft 990 in the

D.M. is 9.0. It is 5"' 46
s

/ and 18' s of 2 2879.

[/3 (xm).../33.../3 (3114)... (Pul,. L. O. II) . . . Doolittle

(Pub. flower Obsy. i). . . ]

P 375- O. Arg. N. 23503

. 22h 4
m

29
s

)

:1. +50 II' \

R.A. 22h

Decl.

1876.41 304.7 0.93

1891.72 306.9 0.88

.5. .. 10.5 in

.5. .. 9.2 2tl

Discovered with the 6-inch.

[/3(vi).../3 (2062,3u 4)... /S (/>*. L. O. ii)... A (i)...]

P 769- Lacaille 9046

R.A. 22" 4
m

37
s

)

Decl. -35 3'\

P 170. Lalande 43158

R.A. 22h 2 ln
31

s
|

Decl. 19 4' \

o //

1876.05 63.7 1.69 9.1... 9.4. 4/1 A

1877.50 60.5 1.68 8.1... 8.5 4 Cin

1885.73 64.5 1.39 8.0... 9.0 i W
1886.67 59-6 1.75 7.8... 6.0 6/1 LM
1888.73 62.5 I*?! 9.0... O.O 2fl T
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Discovered with the 6-inch. The measures are
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Discovered with the 1 8^ -inch. There does not
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Discovered with the 6-inch. Without change.
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p 291. w xxii.

R.A. 22h 2i m 39
s

|

Decl. + 3 55' i
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P 174- Lalande 43888
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A and (=258 App. i)
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A and C
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P 1092. Radcliffe 5777
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P 845. 0. Arg. N. 24536



Discovered from iSji to i8gg by S. W. BURNHAM 251

A and B
(

S 2942)

o

1831.61 282.1

1869.52 280.3

1878.97 280.2

1883.21 282.0

1895.91 277.1

2.66 7-O. . . 9.2 4 2

2.83 6.2. .. 8.5 6 J

2.68 6.8... 8.5 2 P
3.04 6.8. . . 9.6 6>i En

2.85 ... 2 Maw

The small star was noted with the i8^-inch.
There is no change in AB

( ^ 2942 = H 1802

= O2 478). Only a few of the measures are given.

1/3 (VIII). ..p (Am. Jour. Set. July 1877).. ./3
1

. . .03. . .Lv (A.J.

382) ... Madler (Fixstern-Systeme i) (Dorpat Obsns. XI) . . .

Dawes (Mem. R. A. S. xxxv) . . . Obsns. at Barclay's Obsy. I

...O2 (Poulkmva Obsns. IX)...J (ll).. .A (1736,1979)

. . .Wilson and Seabroke (Mem. K. A. S. xi.n). . . Bigour-
dan (Paris Obsns. 1883). . .Engelmann (2678). . . Glase-

napp (in). . .Maw (Mem. K. A. S. I.ni). . .]

P 711. D.M. (10) 4812

iDecl. -|- 10 34

o //

1878.59 79.9 0.72 8. 5... 10. 5 in P
1891.88 55.3 0.83 9.0... 9.9 3 /J

l8 93-7 53-4 1-24 9. 5... 10.5 in W
1897.76 46.4 0.72 ... \n Bow

1897.83 46.6 0.96 10 ...n \n Br

1898.73 42.7 i. oo ... in Bow

1898.74 47.6 0.99 ... 3 A

1898.79 45.1 i.oo ... in Bry

1898.89 39.8 0.82 ... in Lew

Discovered with the iSj^-inch. There is con-

siderable angular motion, an unusual condition in

a pair of stars of this magnitude, and suggesting

comparative nearness. The magnitude in D.M. is

9.1. It is 27
s

/ a 7 rn star.

[0(x)...0'...0 (3114... (/>. L. O. II)... Wilson ( )...

Aitken (3585). . .Lewis, Bowyer and Bryant (Man. Not.

Lix, 400). . .Brown ( ). . .]

p 1037. w xxii. 854

R.A. 22" 41 56
s

Decl. -f- 12 22'

1888. 81 224.4 0.66 8. 7... 10. 8 4 /3

1899.52 215.2 0.72 8.9.. .11. 5 in A

Discovered with the 36-inch. The /> star of a

wide pair. Change in angle ?

|0 (xiv)... (2875)... (Pub. L. O. n)... Aitken
( )...]

P 1219. S.D.(ii)593i

R.A. 22h 42
m

27
s

Decl. 11 42'

1890.82 307.9 0.54 8.7... 9.4 3 ft

1896.87 299.3 0.48 ... yi A

Discovered with the 1 2-inch
;
a difficult pair with

that aperture. There is a 6" pair np 5'.

[0 (xvii)... /3 (3047)... (Pub. L. O. ii)... Aitken (3466)...!

P 1145. O. Arg. N. 24690

R.A. 22h
42 45

s

Decl. +57 55'

A and B

1889.59 '53- '-3 8.2...H.O 3 P
1898.88 156.3 i. 06 8.0... ii. 2 2 A

A and C

1889.59 I79-S 2I -99 ~9-5 3* ft

1898.82 179.7 22.27 . . . 10.0 3 A

Discovered'with the 36-inch.

[0 (xvi). . .0 (2956). . .0 (Put. L. O. u). . . Aitken (3585). . .]

P 1146. W 2 XXII. 971

R.A. 22'' 42 49

IJecl. + 30 28'I

'889.55 335.3 0.23 7.2... 8.2 yi P

1897.80 331.1 0.15 ... i Lew

1899.56 313.6 0.18 7.6... 8.0 4/2 A

Discovered with the 36-inch. Change in angle

is probable.

[0(xvi)...0 (2956)... (Pub. L. 0. n).. .Lewis (Man. Not.

LIX, 400). . .Aitken ( )...]

P 846. Lalande 44688

R.A. 22h 44 345 )

Decl. +23 54' \

o a

1881.57 93.4 1.73 8. 6... 12. 2 3 /?

1886.84 94-8 2. 1 1 ... 3 UL
1888.82 92.2 1.67 8. 2... 12. 3 3 Com

Discovered with the i5^-inch at the Washburn

Observatory.

[0 (xn). . .0*. . .Updegraff, Lamb an! Comstock (Pub. Wash

burn Obsy. v, vi). . .]
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P 177- 0, Arg. S. 22454
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Discovered with the 6-inch. The change, if any,
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A and B (= H ' N. 1 5
= 2 2959)



Discovered from 1871 to 1899 by S. W. BURNHAM 255

Discovered with the 6-inch. In GOULD 6.901.
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P 180. O. Arg. N. 25161



Discovered from r8"ji to 1899 by S. W. BURNHAM 257

Discovered with the 6-inch. Probably unchanged.
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P 992 - 0. Arg. N. 25354
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AB and C
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P 229. Lalande 45726



Discovered from 1871 to i8gg by S. W. BURNHAM

p 1148. Groombridge 4070
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P 1151.
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P 8l. W XXIII. 562
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P 724 W XXIII. 691



Discovered from i8*]i to i8gg by S. W. BURNHAM -'65
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P US 2 - Grooinbridge 4142



Discovered from 1871 to i8gg by S. W. BURNHAM 267

AB and OS 511 (A)
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Discovered with the iz-inch. Unchanged.
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1892.88
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on the same night 64 Pegasi, 72 Pegasi, ij
Pis-

cium, and B.A.C. 1 101 (/? 533).

Four orbits have been computed of this pair.

The dates of the last measures made use of, and the

periods are :

1888 Schaeberle

1892 Glasenapp

1895 See

The principal results, including some from merid-

22.3 years

17.49
"

24.0
"

1899 Burnham 25.7

A. f. 185

A. N. 3145
Evolution of the

Binary Systems

ian observations, are :
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(A. J. 447). . .Schaeberle (A. J. 185,246,323,391,420). . .
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CORRECTIONS

P 1096 (page 8). For B and C read AB and C.

P 309 (page 46). For 3-inch read 6 inch.

P 555 (Pa fc'
e 59)- In the measures of B and Q, for

1880.82 read 1880-82. The close pair was

examined a number of times in those years.

p 1281 (page no). The identity of this pair with

OS 2 1 8 was overlooked when it was placed
in the catalogue. A comparison of the

recent measures with those of Madler and
O2 show clearly direct motion in angle.

P 120 (page 149). In the last measure of AB and

Cfor 326?4 read $36. 4.

P 815 (page 151). The direction of the proper

motion, given as 141^6, is that of the

principal star. If the companion is mov-

ing, as seems most probable, the direction

of its motion would be 32i?6.

p 1204 (page 1 88). Insert the word "than" in the

third line, making it read, "four other stars

nearer than the Struve companion."

P 1092 (page 249). In the measure of A B of 1899.71

for 22g?5 read 209?5-

P 1025 (page 255). In the Right Ascension for
22 h read 23

h
.

ADDITIONAL MEASURES

P 1026 (Page 2)

1899.89 343-4 0.29 Ait ken

There appears to be a very decided change in

the angle since my measures in 1888.

P 1 156 (Page 5)

O II

1899.57 31.0 0.54 2n Aitken

There seems to be no sensible change.

P 107 (Page 5)

Barnard

AB
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P 1162 (Page 17)

1899.56

1899.83

139.2

141.6

o-33

0-35

3*
2

Aitken

Barnard

The recent measures show no change since 1890.

P 1163 (Page 20)

1899.70

1899.79

214.7

214-3

0.31

0.25

3"

2

Aitken

Barnard

A very decided change since my measures in

1890. In nine years the angle has increased more

than 20.

P 5I3- 48 Cassiopeiae (Page 27)

o //

1899.72 1 1.6 0.42 3-2 Aitken

P 1170 (Page 29)

1899.65 297.4 0.32 Aitken

In 1890 I made the angle 313^3, but it is a very
difficult pair, and the apparent change requires

confirming.

1899.65

1899.79

232.8

238.2

1172 (Page 31)

//

i.60

1.68

\n

2

Aitken

Barnard

P 524. 20 Persei (Page 34)

o //

l899-55 49-7 0-13 2 >z Aitken

P 1173 (Page 35)

o //

1899.73 338-2 0.20 2 Aitken A and B

1899.70 283.8 4.83 2 Aitken AB and C

Some change in the close pair is probable.

p 1176. 48 Cephei (H) (Page 37)

o a

1899.65 268.1 1.22 i Aitken AB
1899.82 275.7 1.25 2 Barnard

1899.65 232.7 10.89 ln Aitken AC
1899.81 232.4 1 1. 06 3 Barnard

A and B appear to have the same proper motion
;

and probably form a physical system. The change
in C corresponds to the proper motion of A, and
the distant companion is therefore not a member
of the system.

P 1 178 (Page 38)

o //

1899.84 348.4 0.51 in

No evidence of change sine 1890.

Barnard

B 1177 (Page 38)

O //

1899.78 12.0 0.35 yi Aitken

A difficult pair, but some change is probable.

P 536 (Page 42)

1899.70 301.6

1899.65 8.6 18.38

1899.65 329.8 7.76

AB0.15 3 Aitken

2 Barnard CD
3 Barnard CE

The' 1 6 m star, E, has not been observed before.

It is important that the close pair should be

watched and measured in the near future.

1899.69

1899.70

1899.69

p 538 (Page 42)

o //

130.2 1.78 i Aitken

P 1105 (Page 43)

o a

46.4 0.32 211

P 1106 (Page 43)

19.6 -3S i//

Aitken

Aitken

This measure is noted as "uncertain," and the

apparent change of more than 30 in the past ten

years may not be real. It is very difficult object
with the largest aperture.

P 1 185 (Page 48)

O //

1899.92 352.0 0.14 2// Aitken

Very decided change in the angle.



Appendix 293

P 550. a Tauri (Page 49)

o "

1899.64 275.1 1.95 211 Barnard CD

p 883 (Page 53)

1899.75

1899.75

1899.78

54-4

58.7

54-o

0.25

0.38

O.22

7*

IW

Aitken

See

Barnard

A recent examination of all the measures of this

star leads to the conclusion that the most probable

period is about seventeen years. It is certain that

the measures of 1891.97 to 1899.78 are properly

adjusted as to quadrants, and that the angular mo-

tion in 7.8 years is only no . These measures are

fairly consistent. A different and somewhat smaller

value for the period may be found by rejecting the

original position of 1879. This is a single obser-

vation, but it is substantially correct, unless an

error was made in reading the position-circle, and

this is very improbable.

1899.75

1899.79

202.3

202.8

552 (Page 54)

i

0.60

o-4S

1238 (Page 57)

4

1899.92 15.8 1.48

Probably unchanged.

See

Aitken

Aitken

P 555- P Orionis (Page 59)

1899.71

1899.72

1899.82

1899.92

184

172.7

210.6

0.2

0.13

O.I

0.16

in

in

in

in

Aitken
M

Barnard

Aitken

This pair may have a period less than that of any
known binary. It is difficult to adjust all the

observations, positive and negative. The measures

can be represented by a period of about five years,

but upon any assumption the elongation should

have been seen at some of the times when it was

noted as single by apertures large enough to show

it. If it is carefully watched with the largest tele-

scopes, as it doubtless will be, the approximate

period will be determined within a few years.

P 557 (Page 64)

o //

1899.73 146.0 0.29 in Aitken

P 1239 (Page 65)

o //

1899.92 320.1 2.36 2 Aitken BD
1899.92 232.1 7.75 in Aitken AB
1899.92 310.8 10.41 i Aitken AC

P 1240. 26 Auriga (Page 66)

1899.92 330.8 0.20 2 Aitken

1899.79

1032. a Orionis (Page 68)

329.0 0.20 3* Aitken

The retrograde motion continues, with little or

no change in the distance.

P 1007. 126 Tauri (Page 69)

1899.54 243-5 3 Aitken

This mean includes the single measure of 1899.17

given on page 69.

P 1055 (Page 73)

O II

1899.80 333.6 2.15 4 Barnard AB
1899.77 327.8 33.38 3 Barnard AC

If the proper motion given from KUSTNER is

substantially correct, the components of the close

pair are moving together, as otherwise, the posi-
tion angle of B at the date of the above measures
would be 2o?5 more than it was in 1888.

P 1241. 4 Geminorum (Page 74)

O II

1899.92 334-Q 0.50 zn Aitken

Change is probable in the close pair.

P 1058. 4 Geminorum (Page 75)

1899.92 275.8 0.28 2 Aitken

Slow motion in angle is probable.
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P 1192. v Gemitwrum (Page 79)

o //

1899.92 342.2 0.21 in Aitken

p 101. 9 Argus (Page 92)

O II

1899.62 295-4 o-S4 S Aitken

This mean includes the two measures of 1899.19

given on page 62. The distance is now about

maximum, and the motion in angle is correspond-

ingly slow.

P 1064. 19 Argus (Page 97)

o //

1899.91 252.9 2.24 zn Aitken

P 208 (Page 10 1
)

o //

1899.91 94.4 0.25 2ii Aitken

This binary appears to be rapidly closing.

P 1069 (Page 102)

o //

1899.92 60.0 2.08 in Aitken

P 608 (Page 124)

o //

1898.43 297.2 285.57 2" Glasenapp AC

P 800 (Page 125)

o //

1899.43 1 1 1.5 2.52 in Brown

P 237 (Page 126)

o //

1899.43 203.9 2.87 in Brown

P 113 (Page 126)

O II

1899.43 206.0 1.30 in Brown

P 953 (Page 153)

C //

1899.71 223.2 o.io in Aitken

The rapid angular motion continues. It is

probably a short-period binary.

P 1089 (Page 165)

O //

1899.58 352.2 0.78* 3 Aitken

These measures confirm the retrograde motion
in angle.

P 962. 26 Draconis (Page 166)

O //

1899.71 44.1 0.59 in Aitken

The angular motion is now rapid, and it has

become a very difficult pair to measure.

P 131 (Page 174)

o //

1899.62 278.5 2.85 4 Hussey

P 1128 (Page 179)

J897-73 197-9 3-7 2* See

SEE (A. J. 431) notes the principal star as a close

equal pair, 265? : of:8 (1897.74).

1899.71

P 971 (Page 183)

o //

19.8 0.36 in Aitken

This will be an interesting system, but further

measures are necessary to show the apparent orbit.

p 651 (Page 192)

O 11

1899.70 287.0 6.69 6/1 Doolittle

P 145 (Page 196)

O It

1899.70 266.2 0.83 3 Doolittle AB
1899.70 28.8 9-03 yi

" AC
1899.70 156.2 27.08 3

" AB

p 827 (Page 196)

O II

1899.60 262.1 0.74 in Hussey

Slow retrograde motion is probable.
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P 361 (Page 198)

o /'

1899.71 358.9 3.86 yi Doolittle

P 979 (Page 198)

.
a

1899.70 335-9 2-5 4n Doolittle

P 980. 11 Cygni (Page 199)

o
//

1899.71 208.2 7.50 yi Doolittle AB

1899.71 326.8 46.29 yi AC
1899.71 169.2 50.08 yt AD

P 429 (Page 202)

o //

1899.73 60.2 6.56 4 Doolittle AB

1899.73 25.3 8.89 4

l8 99-73 3-7 ii-34 4

1899.73 107.1 28.28 4>i

1899.73 28.1 3 6 -36 4

1899.73 109.1 9.68 4

1899.73 56.6 30.08 4
"

AC
AD
AE
AF
FG
AH

The faint star, H, has not been measured before.

P 1260 (Page 207)

O II

1899.71 164.1 0.48 3 2 Aitken

A difficult object, but without material change.

p 1136 (Page 21 r)

o //

1899.76 215.5 - I 9 in Barnard

i'8g9.82 200.9 -39 ln Aitken

In the last measure the distance is noted as un-

certain.

P 68 (Page 220)

O U

1 899.76 150.3 i .90 3 Barnard

P 151. p Delphini (Page 211)

1899.76

1899.76

1899.68

7-9

5-5

3-8

0.68

0.58

0.60

2tl See

3 Brown

2 Aitken

P 271 (Page 226)

o //

1899.75 237.4 3.21 211 Barnard AB
1899.75 7 2 -9 75-45 4" Barnard AC

The change in the distance of C corresponds to

the proper motion of A.

P 686 (Page 232)

o //

1899.71 300.9 0.80 i Aitken

P 1263 (Page 234)

o a

1899.71 243.4 0.49 in Aitken

The measures indicate rapid motion in angle.

989. K Pegasi (Page 234)

1899.81

1899.81

28(.4

282.2

0.20

0.24

2

2>i

See

Brown

P 689 (Page 234)

o //

1899.74 239.0 1.91 2u Aitken

The components appear to be fixed.

P 691 (Page 237)

O U

1899.76 316.1 0.76 i Barnard

Change in angle is probable.

P 1213 (Page 238)

o ;/

1899.78 306.0 0.84 211 Aitken

There may be some change in the angle.

P 1265 (Page 249)

O II

1899.73 250.0 0.55 i Aitken

p 848 (Page 253)

O //

1899.73 2.1 2 -34 i Aitken
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P 78 (Page 255)

o //

1898.51 54.7 18.29 2n Doolittle AB
1898.51 61.9 48.36 2 Doolittle AC

1898.49

1898.49

172.8

106.6

P 180 (Page 256)

O II

0.82 Doolittle

Doolittle

No material change.

1899.73 223.4

1899.73 69.8

853 (Page 258)

i

0.75 in Aitken

7.03 in Aitken

AB
AC

No material change.

P 718. 64 Pegasi (Page 260)

0.46 i Aitken1899.92 88.1

Noted as "difficult and uncertain." The relative

motion is obviously slow.

P 720. 72 Pegasi (Page 262)

o /'

1899.81 167.8 0.35 in See

1899.81

1899.80

1899.81

1899.92

P 721 (Page 263)

o //

127.0 0.30 in See

P 733- 85 Pegasi (Page 268)

2 34-6

237.5

234.8

0-83

-82

0.81

2 Brown

In See

in Aitken

NEW NEBULAE

In looking over my old observing books used

at the Lick Observatory, I find a good many nebulae

noted from time to time which were not found in

DREYER'S Genera! Catalogue. These were acci-

dentally picked up in the course of the double star

work, and seen because they were in the field with

some bright star. A few of these were measured
from the star, and the places given in Publications

of the Lick Observatory, Vol. II, pp. 155, 181. Many
others were never reexamined at that time. Three
of these I have looked up with the 4o-inch, and
measured their places from the adjacent stars. In

each case the position given below is that of the

star (1880).

Lalande 26702 and nebula

R.A. 14" 33> 2Q
S

Decl. 15* 41'

O //

1899.285 236.7 284.46 Single distance

This star is the preceding of two, about 7 m.

D.M. (34) 2815 and nebula

R.A. 16" 56 57
s

)

Decl. + 33 42' \

1899.285 314.0 153.88 Single distance

The comparison star is i3
s
.6 preceding and 5/2

south of 59 Herculis.

Piazzi XVIII. 203 and nebula

)

\

R.A. i8h 43
m

39
s

Decl. + 19 ii
'

43"

1899.249 86.8 112.99 Single distance

The comparison star is 6 m. Lalande 35032.
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