






































2 INTRODUCTION,

tive study of existing phenomena; and hence the sublime discovery of the
essential process involved in the formation of the planetary system would
necessarily mark an epoch in the history of science. The boldness and pro-
found physieal insight with which LarLace attacked this problem have justly
ranked his effort among the greatest achievements of the human intellect. The
germ of the general theory of evolution, which has so powerfully influenced
the thought of the ninetcenth century, may be traced to the recondite specula-
tions of this great geometer,

The strikingly analagous ecosmogonic views advanced by KANT in the
Naturgeschichte und Theorie des Ilimmels preceded those of LarrLace by forty-
onc years, and hence some priority is claimed for the great metaphysician of
Konigsberg; but since the real vitality of the nebular hypothesis springs from
LArLACE, whose scientific eminence gave it authority commensurate with the
development of Physical Astronomy in the eighteenth ecentury, this great cos-
mogonic speculation is justly dated from the publication of the Systéme du
Monde in 1796.

Sz WiLniam ITeErscniL’s observations on the different types of stars and
nebulae led him to consider them of different ages, and to compare the heavenly
bodies in such varions stages of development to the mixture of growth and
decay presented by the trees of an aged forest. The combination of ITERSCHEL’S
studies on actual phenomena of the heavens with L.ArLAcE’s dynamical speenla-
tions relative to the solar system gave the nebular hypothesis both an observational
and a theoretical basis, and hence it soon became an integral part of scientifie
philosophy. Sir Joux IIerscHir’s survey of the entire heavens supplied new
and important observations relative to the appearances of the stars and nebulae,
and confirmed the general validity of the nebular hiypothesis. ‘When, however,
Lonrb Rosse’s great Reflector resolved certain clusters previously classed as
nehulae, the question naturally arose whether with suflicient power all nebulae
might not be resolved into diserete stars. Fortnnately, the invention of the
Speetroscope about 1860, and IHuccins’s applieation of it to the heavenly
bodies, showed that many of the nebulae are masses of glowing gas gradually
condensing into stars, and, so far as possible, realized the postulates laid
down by Larvrace. Jounr’s discovery of the mechanical equivalent of heat
and MEerLvmnontz’s application of the resnlting laws of thermodynamics to
the heat of the sun, established the contraction of the solar nebula, while
the subsequent researches of I.axg, Nrwcoms, KrrLviy and DarwiN have
shown the theoretical possibility of most of the devclopment outlined in the
Systéme du Monde.






4 INTRODUCTION.

When NuwToxN established the law of universal gravitation he also discovered
the trne cause of the tides of the sea, and outlined some of the prineipal phenomena
which follow from the perturbing action of the sun and moon upon the waters
which cover the terrestrial spheroid. After the lapse of more than a ecentury
LLarLAcE attacked this problem from the dynamical point of view, and developed
his celebrated analytical theory of oceanic tides, which has been generally
adopted in the subsequent resecarches of astronomers. About two centuries
after NEwToN established the cause of the tides, DarwiN was led to consider
not only the tides in the mass of flnid spread over the carth’s surface, but also
those which arise in the hody of the globe, owing to its imperfect rigidity.
He inquired whether the earth’s mass might not be a fluid of great viscosity,
and proceeded to develop the theory of bodily tides, and to discuss the bear-
ing of these researches on the cosmogonic history of the earth and moon.
‘When the investigation was subsequently extended to other parts of our system,
it was found that while LAPLACE’S hypothesis as a whole remained unshaken,
some appreciable modifications were rendered necessary, especially in the case of
the earth and moon, where the relatively large mass-ratio of the component
bodies sensibly inereased the efficiency of tidal frietion. It seemed clear that
in the development of the hmar-terrestrial system, the action of tidal friction
had been of paramount importanee, but that clsewhere the effects had been
much less considerable, owing chiefly to the small masses of the attendant
bodies:

‘When we reflect that the planetary system is made up of a great number
of very small bodies revolving in almost ecircular orbits about large central
masses, and is therefore diflerent from all other known systems in the heavens,
although other systems like it may exist unobserved, it is remarkable that
previous investigators have almost invariably approached the problems of
Cosmogony from the point of view of the planets and satellites, and that no
considerable attempt has been made to inquire into the development of the
great number of systems observed among the fixed stars. The short period
of time which has elapsed since the explorations of the Telescope have made
known the general state of the heavens, with the impossibility of observing any
considerable changes, exeept in the case of double stars, may perhaps account
for the natural tendency to foeus all eflort upon the development of the planets
and satellites. But the peculiar character of our system, compared to other
known systems in space, renders this procedure incapable of giving us any
general law of nature. It is enly from a study of the systems of the universe






6 INTRODUCTION.

semi-solid nature, and henece it is apparent that in such systems enormous bodily
tides will necessarily arise from the mutual gravitation of the particles. Tides
are cosmic phenomena as universal as gravitation itself; and since tidal friction
will operate in every system of fluid bodies which is endowed with a relative
motion of its parts, we sec that the general ageney of bodily tides gives rise
to most important secular changes in the figures and motions of the heavenly
bodies. The tidal alterations of figure, which modify the attraction on neighboring
bodies, will become especially marked in the case of double stars and double
nebulae, where two large fluid masses in comparative proximity are subjected to
their mutnal gravitation; and hence if the bodies of such a system be rotating
as well as revolving the secular working of tidal friction becomes an agency of
great and indeed of paramount importance. The general theory of all the secular
changes which- follow from the double tidal action arising in a binary system
remains to be developed, but meanwhile the work of DArwIN in conneection
with the extension which I have given his researches, makes known some of
the more important effects.

From our previous investigations it secems exceedingly probable that the
great eccentricities now observed among double stars have arisen from the
action of tidal friction during immense ages; that the elongation of the real
orbits, so unmistakably indicated by the apparent ellipses deseribed by the stars,
is the visible trace of a physical cause which has been working for millions of
years. It appears that the orbits were originally nearly circular, and that under
the working of the tides in the bodies of the stars they have been gradually
expanded and rendered more and more eccentrie.

Some simple considerations will cnable us to see how these general results
arise from the secular action of tidal friction. Suppose the two stars of a system
to be spheroidal fluid masses of small viscosity, and let us assume, conformably
to the motions observed in the solar system and to those which would result
from the division of a double nebula, that the two bodies are rotating about
axes nearly perpendicular to the plane of orbital motion, and in the same
direetion as the revolution about the common centre of gravity; also let the
angular velocity of rotation considerably surpass that of orbital revolution.
Then, as the fluid is viscous, the tides raised in either mass by the attraction
of the other will lag, and hence the major axes of the tidal ellipsoids will point
in advance of the tide-raising bodies, and the tidal elevations will exercise on
them tangential disturbing forces which tend to accelerate the instantaneous
velocities and thereby increase the mean distance. The reaction of the revolving
bodies upon the tidal protuberances will retard the axial rotations; for the
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If we inquire into the physical meaning of these illustrations, it is easy to
sce that the distribution of the cometary orbits about the parabolic eccentricity
indicates, as LarrLace first pointed out, that the comets have been drawn to
our system from the regions of the fixed stars. The curve for the planets and
satellites proves merely that the eccentricities were originally small, and that,
under the minimized effects of tidal friction resunlting from such inconsiderable
masses, they have never been much inereased. The curve for the orbits of
double stars is of snch a nature that we cannot, as in the case of comets, assign
to these systems a fortuitous origin; for in this event the eceentricities would
surpass, equal or approximate unity, and the periods of revolution, if finite, would
be of immense duration; nor could any cause be assigned for the reduction of
the eccentricity and period if it be admitted that anything which might properly
be called a system could arise from the approach of separate stars. On the
other hand the stellar orbits have no close analogy with those of the planets
and satellites, for they are densest in the region of mean elliptic eceentricity,
and thus almost equally removed from the two extremes presented in the solar
system. They were therefore of this mean form originally, or have been made
so by a canse which has left a distinet impress upon the nature of the systems.
The seeular alteration in the figure of equilibrium of a greatly expanded mass
like a double nebula would of necessity be very gradual, and hence it follows
that the mass cut off under the increased centrifugal force incident to slowly
accelerated rotation would Dbegin to revolve in an orbit of comparatively small
cceentricity.  Indeed, were the initial eceentricity considerable the two nebulae
would come into grazing collision at periastron, and in consequence of the
resistance encountered the system would rapidly degenerate into a single mass.
When at length the bodies are separated, each mass will contract and gain
correspondingly in velocity of axial rotation, and tidal fiiction will begin expand-
ing and clongating the orbit; nothing but this secular process would be adequate
to develop the mean eccentricitics observed in the immensity of space. If then
tidal friction be suflicient to account for the elongation of the real orbits of
double stars, we shall be justified in concluding that it is the truc causc of the
phenomenon. Accordingly, it does not seem probable that the conclusions reached
in the Inaugural Dissertation which I presented to the Faculty of the University
of Berlin will be materially altered, but some of the many problems connected
with the general theory of tides still need additional clucidation. If we shall
be able to explain the origin and development of double stars, the abundance
of such systems will raise a presumption that the agencies and processes involved
are more or less general thronghout the universe, and no inconsiderable light












12 HISTORICAL SKETCH OF DOUBLE-STAR ASTRONOMY

ponents of a Centauri, and thus sccured the first record of a star, which has
proved to be binary. The duplicity of y Virgimis was aceidentally discovered
by BrapLey and Pouxp in 1718, and subsequently re-discovered by Cassixi
and MESSIER, while observing ocenltations, with a view of finding cvidence of
an atmosphere snrrounding the moon.

a Geminorum was resolved in 1719, 61 Cygnd in 1753, and 8 Cygni in 1755;
but although these sporadic discoveries had been made, no systematic search
for double stars was attempted until 1777, when Curistiax MAYER, of Mann-
heim, began to colleet a list of these remarkable objects. Having reached the
conclusion that faint stars near larger ones are essentially revolving planets,
he searched the heavens attentively with an eight-feet mural cirele, by Bmwp,
and discovered in all some seventy-two pairs, including y Andromedae, { Caneri,
a Herculis, e Lyrae and B Cygni. Unfortunately, the wide objects within the
reach of such a telescope seldom have any appreciable relative motion, and
hence the stars discovered by Mavyer give very little evidence of the physical
connection which he expeeted.

The real history of double-star discovery and measurement, dates from the
explorations begun by Sik Winpiam IIerscuner in 1779, This indefatigable
observer songht to grapple with the unsolved problem of stellar parallax, which
had engaged the attention of astronomers sinee the time of Corrrnicus.
Rejecting the methods recommended by GavriLeo, FLaMsterp and BravLey,
he proposed one of his own, depending on the measurement of position-angles
of two stars of unequal magnitundes from opposite sides of the earth’s orbit.
Herscurn supposed the double stars to be mere groups of perspective, and
hence he hoped to detect the relative parallax due to the orbital motion of the
carth. He resolved to examine every star in the heavens with the utmost
attention under a very high power; the superiority of his telescope gave him
an advantage over previous observers; and moreover, his improved optical
appliances were supplemented by great energy and boundless enthusiasm.
During the interval from 1779 to 1784 he made an extensive catalogue of
double stars, some of which he hoped wonld ultimately prove to be suitable
for mecasurement of parallax. In 1782 he ecommunicated to the Royal Soeiety
a catalogue of 269 double stars, 227 of which were new, and followed it three
years later by a second catalogne containing 434 such objeets. For the next fifteen
years the attention of the great observer was devoted to, among other things,
the measnrement of these pairs, with a view of finding those best adapted to
parallax determination. Slight changes were observed from the first, but in
most cases the shifting of the relative positions of the objeets was attributed
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Among the other observers who contributed to this branch of Astronomy
prior to 1850, we may mention especially MApLER, BrsseL, and Dawss. The
measures of Dawgs take high rank for quality and serve as an example of
what may be done by private observers with limited appliances. Other dececased
observers especially deserving of mention for important contributions to the
records of double-star Astronomy are Secemi, Kaiser, Kxorr, ExNGLEMANN,
JEDRZEIEWICZ, and, above all, BArox DEMBOWSKI.

Though the last-mentioned observer worked privately and with a small
instrument, his measnres are more extensive and perhaps more accurate than
those of any other observer either living or dead. Covering the period from
1854 to 1878, the work included measures of all the pairs in the Mensurae
Micrometricae accessible to his T-inch glass, besides numerous observations of
pairs more recently discovered by himself, OTTo STRUVE, BURNIAM and ALVAN
Crarx. The twenty thousand precise measures exeented by this great astronomer
were collected after his death, edited by OrTo STRUVE and SciuApPARELLI, and
published in two large quarto volumes by the Academia dei Lyncei of Rome.

Beginning prior to 1840 and extending over the next fifty years, the double-
star work of the illustrions OTro STRUVE furnishes by far the longest and most
homogeneous set of observations yet made by any astronomer. Besides records
of the numerous stars discovered by himself and by his father, OTT0 STRUVE’S
work includes reliable data for the most important stars discovered by other
previous and contemporary observers. Many of his own stars are close and have
proved to he comparatively rapid, and henee will soon yield satisfactory orbits.

Among living observers the names of Orro Struve, IIaLn, Dunig,
ScutaPARELLI, TARRANT, Bicourpan, Maw, Grasexarr, TessuTTt, STOXNE,
Comsrock, KNorrE, SEasroke, DosErcr, Perroriy, Houven, and Bunrxuam
will be familiar to the reader. Eaeh has contributed important material for the
study of the stellar systems, but the work of Struve, ITALL, SCUIAPARELLI,
and BurNuam is especially important to the computer, as covering a long series
of years and thus supplying homogeneous material for the determination of the
orbits of revolving binaries.

Prior to 1870 it had been generally held by sueh authovities as Dawes
that the subject of double stars was practieally exhausted by the discoveries of
the HurscneLs and the systematic surveys of the Struves. As the latter had
swept over all the brighter stars in the northern heavens, including about 140,000
objects, we may refer with a certain pleasure to the epoch-making discoveries
since made by BunrNuam, who has detected nearly 1300 important pairs which
had escaped all previous observers. BunrNnam’s stars are cither very elose or












18 INVESTIGATION OF THE LAW OF ATTRACTION

quently verified by observation. This development of the planetary theories
has occupied the attention of astronomers for over two centuries, and in every
case where doubt has arisen the accuracy of the Newtonian law has heen
verified.

The range of possible inaccuracy has heen gradually narrowed, until at
present the data of Astronomy show that if the law of nature departs at all from
that given by NEwTON, the deviation must be extremely slight. Indeed, the law
of gravitation, taken in conncection with its simplicity, is so thoroughly estab-
lished as to authorize the belief that it is rigorously the law of nature. Its
brilliant confirmation and extension since the time of NEWwWTON, especially by
LAarLACE, leaves bhut few, and generally insignificant, motions yet unexplained;
and since we know that the slightest deviation from the law of inverse squares
would become very pereeptible in the motions of the perihelia of the orbits of
the planets and the periplaneta of the orbits of the satellites, and no such
outstanding phenomena have been disclosed by observation, except in the case of
the perihelion of the orbit of Mercury, which may be explained in a different
manner, it is hardly possible to doubt that the few anomalous phenomena yet
remaining will finally be explained in perfeet accord with the law of NewToN.

The .strongest proof of the rigor of this law is to be found in the fact
that it accounts for bhoth the regular and the irregular motions of the heavenly
bodies, and in the hands of LaprrnAck and his successors has become a means
of discovery as real as observation itself.

A law which explains satisfactorily the figures, the secular variations, and
the delicate long-period inequalities of the planets, and above all the numerous
perturbations to which the moon is subjected, certainly has a strong claim to
be regarded as a fundamental law of nature, and is incontestibly the sublimest
discovery yet achieved in any science.

§ 3. Investigation of the Law of Altraction in the Stellar Systems.

The lahors of NewTox and LAPLACE on the mechanism of the solar system
established the law of gravitation with all the rigor which modern observations
conld demand; bnt neither of these two great geometers attempted to apply
this law to other systems existing in space. The close of the career of Larnace,
jnst a century after that of Nuwrox, marks an epoch in the verification of the
Newtonian law, since in this year SAvVARY devised the first method for deter-
mining the orbits of double stars; he justly based his theory on the principle










































32 THEORY OF TNE SPECTROSCOPIC DETERMINATION

the point p. It is well known from the law of the conservation of areas that
this velocity is always inversely as the perpendicular /@, or directly propor-
tional to the length of /7¢). But the locus of @ or ' is known to be the
anxiliary cirele deseribed upon the major axis as a diameter. Therefore we sce
that the hodograph is of the same form as the locus of @, but sinee the point
2’ in the hodograph is on a radius vector parallel to p7), its sitnation relative
to the focus F will always be 90° in advance of Q.

The shape and sitnation of the hodograph relative to the ellipse is shown
in the figure. Thus, when p is in periastron the point of the hodograph is in
the direction perpendicular to the major axis, and at a distance proportional to
F'@), which is then equal to F7P; and similarly for other points of the orhit.
For the sake of clearness we have made the hodograph in the figure of the
same size as the auxiliary cirele of the ellipse, but if the radius vector in the
hodograph is to represent the velocity in the ellipse the scale of the hodograph
ought in reality to be greatly redueed.

If the orbit of a double star is given we may at once constrnet the form
of the hodograph, the position relative to the ellipse being the same as in the
preceding figure.  Moreover if the veloeity of the companion about the central
star is known in absolute units for any point of the orbit, we may determine
the velocity for any other point by means of the hodograph. TFor the magnitude
of the velocity will be the length of the radins veetor of the hodograph which
is parallel to the tangent of the orbit at the point in question, and ean ecasily
be computed or measured graphically directly from the diagram. ’

When the elements of a binary are known, we may determine the com-
ponent of the veloeity in the line of sight as follows: Suppose p to he the radins
vector of the point in the hodograph, and « to be the angle made by the radius
vector p with the aseending node, and therefore identical with the angle made
by the tangent to the orbit with the line of nodes; and let 7 be the inclination
of the plane of the orbit to the plane tangent to the eclestial sphere. Then
we evidently have, as the component towards the earth,

x = psine sinz. (7)

The angle 7 is an element of the star’s orbit and is known; the angle o
can be computed from the theory of the ellipse, or can be determined directly
from the diagram; and when p is known in absolute units the eomponent in
the line of sight is perfectly determined.

We shall now show how to compnte w and p for any given orbit. The


















38 THEORETICAL POSSIBILITY OF DETERMINING

must be multiplied by a constant factor. Bnt since no alteration of the ineli-
nation can change the radins vector at the line of nodes, it follows that at
these points the orbital velocities wonld necessarily be the same however the
inclination might vary. And since we have seen that the line of nodes is
identical with that given by the theory of gravitation, we conclude that the
velocities in the orbits could not differ throughout by a constant ratio. Ilence
it is evident that cosy-4sinycote =1, or y =0, and the inclination is
identical with that resunlting from the theory of gravitation. It follows there-
fore that no other conceivable law of attraction could produce the same relative
motion in the line of sight as the law of inverse squnares. Consequently if
observation shall give for every point a relative motion in the line of sight
which accords with theory, we may confidently conclude that Newtonian gravi-
tation is the force which retains the stars in their orbits.

§ 7. On the Theoretical Possibility of Determining the Distances of Star-
Clusters and of the Milky Way, and of Investigating the Structure
of -the Heavens by Actual Measurement.®

The practical problem of measuring the parallaxes of the fixed stars is
one of the greatest of modern Astronomy, and has been solved heretofore very
imperfectly. The quantity to be deduced is so very small that accidental and
systematic errors often wholly obscure the element desired, and render the
probable errors of most of our parallaxes painfully large compared to the minute
quantities sought. Moreover, the method of relative parallax, which is the only
one in general use, aside from its theoretical inaccuracy, is encumbered with
many practical difficulties, the chief of which is in finding suitable comparison
stars; and hence not a few astronomers have practically abandoned hope of
determining the distances of the fixed stars with any considerable degree of
precision. None have felt these difficulties more keenly than those astronomers
who have attempted investigations requiring exact knowledge of the masses
and dimensions of the stellar systems. At the present time the only parallaxcs
of binaries which lay claim to any considerable precision are those of a Centauri
(07.75), a Canis Majoris (07.38), T0 Ophiuchi (0”.162), and =% Cassiopear
(0.154). To this list we might perhaps add a few spectroscopic binaries
whose parallaxes have been investigated, but even then the number of systems

* Astronomische Nachrichten, No. 3323.
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smaller.  While at present little is known of the magnitude of binary systems,
it seems probable that in some cases at least the masses and dimensions will
much surpass those of a Centawri. 1t is therefore probable that it will occa-
sionally be possible to determine the distances of systems removed from us by
several thousand light-years.

The present state of Astronomy does not permit us to make a confident
assertion with regard to the distances of the clusters or of the Milky Way,
but it seems exceedingly probable that both are very remote. In each of these
species of stellar aggregation there exists a eonsiderable but unknown number
of binary stars which can be detected with our present optieal means. Thus,
Burxnay has searched for double stars in several of the great northern clus-
ters, such as Praesepe, the Pleiades and the great clusters in Perscus, Hercales, &c.
(Publications of Lick Obs., vol. IL pp. 211-216), and discovered a number of
pairs which promise to be physically connected. e observes that interesting
stars are apparently more frequent in wide clusters like the Pleiades, Praesepe,
and the great cluster in Persens, than in the more compact clusters like that
in IHercules.  Yet he bhas discovered an important pair in this dense globular’
cluster, and Sz Joun IlurscureL has likewise detected donble stars of special
interest in several of the great clusters of the southern hemisphere. It is not to
be doubted that many more such objects will be detected when the clusters gen-
crally are critically examined under the powers of our great modern refractors.

When the orbits of these binaries have been found by exact micrometrical
measurcment, the spectroscopie method will eventnally afford the means for
determining their immense distances, not by probable assumptions hut by exact
computation. It is evident therefore that if we are ever to determine the dis-
tances of clusters from the earth — and no sound ideas of the nature of these
masses of stars can be formed until such determination is made — we mnst first
scarch the clusters ecritically for binary stars, and determine their orbits by
micrometrical measurement. If, when the orbit is known, it shall appear that
the binary has the same proper motion as the adjacent stars of the group, there
will be a strong presumption that the system forms a part of the ecluster. If
the pair be also of about the same magnitude as its neighbors, and of the same
color and spectral type, we may conelude with practical certainty that the
binary is intimately connected with the mass of stars in which it is projected.

Determination of the parallax of the binary will therefore give the distance
of the eluster from the earth, and supply all desired information as to the
dimensions of the cluster, the brillianey of its stars, their mutnal distances, &e.
If in like manner any group of stars in the Milky Way could be carcfully
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ellipse conjugate to this line will be the projection of the minor axis. Thus:
It is easy to fix the positions of the real major and minor axes as scen in the
apparent orbit. Sinee all parts of the major axis are shortened in the same
ratio, the eccentricity of the real orbit may be deduced from the apparent
orbit, by dividing the distance from the ceutre to the principal star by the
major semi-axis as seen in projection. The end of this axis which is nearest
the principal star will be the periastron; that farthest away, the apastron;.the
dates corresponding to the passage of the companion throngh these points will
give the epoehs of periastron and apastron passage respectively. It is evident
that only one diameter of the real ellipse will suffer no shortening, owing to
projection, and this is the diameter parallel to the line of nodes. If from
points on the apparent ellipse perpendiculars be drawn to this diameter, and
then increased in the ratio of cosz to 1, we shall get points of the real orbit
wliose projections give points on the apparent orbit.

The observations of a double star are expressed in polar coordinates, p and 6,
which give the angular separation of the components in seconds of the are
of a great cirele, and the position-angle of the companion with respeet to
the meridian. The companion is thus referred to the principal star regarded
as fixed, and hence the observations give the means of finding only the relative
orbit of one star about the other. The absolute orbit of either star about the
centre of gravity of the system has a form shmilar to that of the relative orbit,
but the linear dimensions are reduced in the ratio of M, or M, to M, + M,,
where M, and M, are the masses of the stars. The absolute orbits of the
stars have the same shape, but are reversed in relative position. The centre
of gravity of a pair of stars can be determined only by the eriterion that the
centre of gravity of a system moves uniformly in a vight line; and as most of
the systems have too little motion to define this point with any considerable
degree of precision, owing to the imperfect state of our absolute positions as
determined by the meridian cirele, it is in general impossible to define the
absolute orbits or relative masses of the stars. With few exeeptions, therefore,
astronomers have contented themselves heretofore with determining the relative
orbit of one body about the other.

The first method for determining the orbit of a double star was proposed
by Savary in 1827 (Connaissance des Temps, 1830). This method is closely
analogous to those used for plancets and comets, in so far as it rests on the
treatment of four complete observations for the definition of the seven clements.
The problem is solved by elaborate geometrical construetions, such as charae-
terize work in pure mathematics rather than the practical processes which mnst
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better to use the observations direetly. It is also recognized that modern
measures ol distance should be allowed an equal or nearly equal weight in
the determination of orbits.

After SAvary, Excke and Herscuen had given sueh an impetus to the
study of sidercal systems, the work was ecarried forward by MipLer and
ViLLarceau, both of whom published a number of orbits with some minor
improvements in the processes of computation.

KLINKERFUES took up the subject about 1856, and in the course of work
on several orbits developed very elegant formulae and more practical methods
than any which bad been used before. Ilis analytieal method is marked by rigor
and generality, but in the present state of double-star Astronomy is not so
practicable as the graphical method treated in section 10.

TureLe, some years later, devised an elegant graphical method which
has many good points, and is muech admired by those who are inclined to
determine all the clements geometrically. It will be found in the Astrononische
Nachrichten, Band LIL¥

Among the more recent investigations those of Proressor KowaLsky are
remarkable for their extreme elegance and great generality. This method,
depending on the general equation of a conie, is all that can be desired from
a mathematical point of view, and as simplified by GrLaseNArr has been exten-
sively used by several computers.  The original exposition ol the method
will be found in the Proceedings of the Imperial University of Kasan for
1873; the valuable modification introduced by GLASENAPP is given in the
Monthly Notices, Vol. XLIX, p. 278.

Other reeent investigations which are worthy of special notice include
those of SErLIGER ([naugural Dissertation of Scnonr, Munich, 1889), and of
Zwigrs (Astronomische Nachrichten, No. 3336).

It is singular that nearly all the methods given above have been developed
from the point of view of analysis rather than of practical Astronomy. BurN-
naM has recently rendered double-star Astronomy a conspicuous service by
reviving the method of representing observations first employed by WiLLiam
Struve (Mensurae Micrometricae, last plate). This consists in plotting the
points as determined by the mierometer, and in finding from the places thus
laid down the apparent ellipse which best satisfies the observations. 'We have
used a modification of this method throughonut the present work, and have dis-
cussed it in connection with the graphical method of KriNnkurrugs, which
supplies the process for deriving the elements from the apparent orbit.

# ]t is aiso explained by Proressor HALL in The Astronomical Journal, No. 324.





























































64 SOLUTION OF KEPLER’S EQUATION.

This can be mounted on a suitable wooden board, and a triangle of cardboard
will give the solutions of KerLeEr’s Equation for any given orbit.

Thns, while the graphical method, originally proposed by WATERSTOX,
afterwards independently discovered by Dusors, and snbsequently discussed by
Krinkenrrues, was suggested many years ago, it does not appear that it has
yet come into general use; and therefore it deserves the careful attention of
astronomers. It is worthy of remark that a method of such great practical
importance should rest in comparative oblivion during half a century, at a time
when astronomers were constantly working on the motions of periodic comets
and double stars; but it is probable that neither WaTersTON nor Dusors recog-
nized the great gencrality and high value of the method in practical work.
Since writing the paper which T communicated to the Royal Astronomical Society
in June, 1895, 1 have had occasion to make great use of the method in revis-
ing the orbits of donble stars, and have found it not only the easiest and most
apid process yet invented, but one altogether so satisfactory that we may pre-
dict its nniversal adoption by astronomers. The simplicity and generality of
the method and the rapidity and accuraey with which solutions can be obtained,
invite the inference that in the nature of the case the method is probably ulti-
mate, and is not likely to be improved npon in any future age.

While this method is of special importance in dealing with the motions
of double stars, owing to the wide range of their eccentricities, it will evidently
be alnost, if not quite, equally important in the case of periodie comets and the
asteroids. But in dealing with comets and planets, where we desire very exact
solutions of KErLER’S Equation, it will be necessary to correct the approximate
values by the formula

M— M,

AL, - =
T T "ecosk,

2

where M, I/, are the approximate values of the mean and eccentric anomalies.
A second correction will ensure all the accuracy desirable in planetary and
cometary ephemerides.*

*Among the other means for solving KEPLER'S Equation we mention especially the tables of AsTraND
(ENGLEMANN, Leipzig); Donkrck, A.N., Bd. 139; and a graphical method by Mg, M. C. PLUMMER, Monthly
Notices, Mareh, 1896.
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Observatory, London; Pror. G. V. Sciararensi, Director of the Royal
Observatory, Milan; Pror. W. Sciur, Director of the Royal Observatory,
Gottingen; Joux TessurT, Esq., Private Observatory, Windsor, N.S. Wales;
Dr. H. C. WiLsox, Goodsell Observatory, Northfield, Minn.

I have also had the constant cooperation of Prorrssors Burxmam and
Barvarp, who have made valuable suggestions in addition to contributing
important observations, some of which were secured expressly for this work.
In the investigation of the individual orbits my friends Mr. Gro. K. LAwTON,
Mr. Exric DoouirrrLg, and Mr. F. R. MourLtox have at different times
rendered valuable assistance in the execution of a large part of the ecom-
putations. Without such assistance, uniformly characterized by both zeal and
enthusiasm, it would have been impossible to have completed the determination
of so many orbits in so short a time. To these gentlemen I acknowledge my
deep and lasting obligations. Besides aiding me in the preparation of Chapter I,
Mz. MourTox has assisted in arranging the manuscript for the printer, and
in reading the proofs, and thus not only expedited the work but also ensured
greater aceuracy than otherwise would have been possible.

While no effort has been spared to ensure exactness in the computations
and in the drawings, it can scarcely be hoped that in dealing with so great a
mass of material all errors have been avoided. There is reason, however, to
helieve that such errors as may exist in the work will have no appreciable
effeet upon the final results.

A number of the orbits embodied in this Chapter have been published in
the Astronomical Jowrnal, the Astronomische Nachvichten, and the Monthly
Notices of the Royal Astronomical Society; references to these sources will be
found in the appropriate places.

Abbreviations of the Names of Observers.

A.C. = Alvan Clark. Jrw. = Briinnow. Dur. = Durham Observers.
A.G.C. = Alvan G. Clark. Cal. = Callandrean. Bk. = Encke.
Adh. = Adolph. Cin. = Cincinnati Observers. Bl = Ellery.
Au. = Aunwers. Col. = Collins. Tn. = Englemann.
B. = Burnham. Com. = Comstoek. Fer, = Ferrari.
Jar. = Barnard. Cop. = Copeland. ¥l. = Flammarion.
Be. = Bessel. Da. = Dawes. Fli. = Fliut.
Bh. = Brulns. Dav. = Davidson. Flt. = Fletcher.
Big. = Bigourdan. Pem. = Dembowski. I, = TFoerster.
3o. = Bond. Dk. = Doberek. Iv. = Iranz.

Bo. = Borgen. Du. = Dunér. (ra. = Gulle.
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Apparent orbit:

Length of major axis = 27526

Length of minor axis = 17.984

Angle of major axis = 45°.7

Angle of periastron = 138°4

Distance of star from centre = 07.446 o

It will be scen that these elements are very similar to those derived by
vox Fuss in 1867. The following comparison of the compnted and observed
places shows that the above elements are highly satisfactory, and that the true
clements of this remarkable binary will hardly differ sensibly from the values

here obtained.
ComranrisoNn oF Comrurep witn OBSERVED PLacks.

t 0. 0. Po Pe 0—6: | po—pe n Observers
1782.65 | 319.4 | 315.7 - 1.44 | +3.7 = 2 Herschel
1823.81 | 36.7 | 453 | 1.25+] 1.16 | —8.6 | +0.09 1 Struve
1831.71 8§6.7 | 851082 |0.72| +0.6 | +0.10 2 Struve
1833.73 | 108.6 | 105.3 | 0.56 | 0.61 | +3.3 | —0.05 3 Struve
1835.66 | 132.6 | 130.5 | 0.41 | 0.55 | +21 | —0.14 5 Struve
1836.61 | 146.4 | 143.8 | 0.47 [ 0.55 | +2.6 | —0.08 5 Struve
1840.55 | 186.7 | 188.8 | 0.92 | 0.71 | —21 | +0.01 | 7T-6 | OX4; Dawes3 2
1841.72 | 193.5 | 197.6 | 0.92 | 0.79 | —4.1 | +0.13 9 Madler 7 ; Dawes 2
1842.80 | 207.3 | 204.7 | 0.87 [ 0.86 | +2.6 | +0.01 1 Midler
1843.69 | 209.3 | 209.5 | 0.93 | 091 [ —0.2 | 4+0.02 4 Midler 3; Dawes 1
1844.49 | 213.7 | 213.6 | 0.85 | 0.96 | +0.1 | —0.11 5 Miidler
1846.42 | 220.3 | 2222 | 0.97 | 1.07 | —1.9 | —0.10 2 0. Struve
1847.53 | 225.1 | 2261 | 1.12 | 1.11 | —1.0 | +0.01 5 Midler
1848.54 | 229.2 | 229.7 | 1.15 | 1.16 | —0.5 { —0.01 3 0X 2; Dawes 1
1849.19 | 232.5 | 231.9 | 1.09 | 118 | +0.6 | —0.09 3 0. Struve
1850.56 | 233.8 | 236.1 | 1.24 | 1.23 | —23 | +0.01 | 7-6 | OX 3; Miidler 3; Dawes 1-0
1851.36 | 235.7 | 2383 | 1.26 [ 1.25 | —2.6 | +0.01 12 | OX 2; Miidler 8; Miidler 2
1852.49 | 2384 | 241.6 | 1.23 [ 1.29 | —3.2 | —0.06 3 0. Struve
1854.47 | 245.9 | 246.7 | 1.38 | 1.38 | —0.8 | +0.05 | 13-7 | OX 4 ; Dawes 3; Dembowski 6-0
1855.58 | 246.6 | 249.4 | 1.34 1.35 | —2.8 | —0.01 14 | O 3; Dembowski 8§; Mo. 3
1856.69 | 249.1 | 251.5 | 1.31 1.37 | —24 | —0.06 7 Dembowski4; OX2; Miidler 1
1857.56 | 251.6 | 254.0 | 1.32 | 1.38 | —2.4 | —0.06 10 | OX3; Seabroke 3 ; Dembowski 4
1858.54 | 2524 | 256.3 | 1.2 1.39 | —3.9 | —0.19 2 Dembowski
1859.16 | 255.3 | 257.3 { 146 | 140 | —2.0 | +0.06 3 0. Struve
1861.79 | 265.2 | 263.4 | 1.21 | 1.42 | +1.8 | —0.21 2 Miidler
1862.60 | 263.8 | 265.2 | 1.43 | 1.43 | —1.4 0.00 15 Y 2 Dembowski 11; Midler 2
1863.83 | 265.8 | 267.7 | 1.41 143 | —1.9 | —0.02 10 | Dembowski 95 Dawes 1
1864.73 | 268.7 | 269.7 | 140 | 143 | —1.0 [ —0.03 7 Dembowski
1865.70 | 270.5 | 271.8 { 1.39 | 144 | —1.3 | --0.05 9 Dembowski 6 ; Knott 3
1866.60 | 271.3 | 278.6 [ 1.42 | 1.44 | —2.3 | —0.02 8 X' 25 Dembowski 5; Sea. 1
1867.74 | 2752 | 276.1 | 1.41 | 1.44 | —0.9 [ —0.03 i Dembowski
1868.82 | 277.0 | 278.2 | 1.48 | 144 | —1.2 | +0.04 6 Dembowski4; QX2
1869.75 | 279.9 | 280.6 | 1.48 | 1.44 | —0.7 | +0.04 6 Dembowski
1870.43 | 280.8 | 281.5 | 1.47 | 1.44 | —0.7 | +0.03 10 | OX 2; Gledhill 1; Dembowski 7
1871.58 | 283.9 | 283.8 | 1.49 | 145 | +0.1 | +0.04 8 Dembowski 7; Gledhill 1
1872.71 | 286.0 | 286.1 | 1.46 | 1.44 | —0.1 | +0.02 f Dembowski 6; W. &S.1
1873.76 | 287.8 | 288.3 | 1.48 | 1.44 [ —0.5 | +0.04 12 | Dembowski 9; W.&S.1; G1.2
1874.80 | 290.7 | 290.4 | 1.37 | 1.44 | +0.3 | —0.07 9 Dembowski6; W.&S.1; Gl. 2
1875.68 | 292.5 | 2922 | 1.48 | 1.44 | +0.3 | +0.04 11 | Dembowski 6; Dunér 5
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¢t 0o Po n Observers & 6o Po n Observers
o y o n

1882.15 165.5  5.08 3 Jedrzejewicz 1890.79  188.4  5.07 D Hall
1882.70  166.8  5.28 ). Str

2 = 2 g 'O- Stinve 189148 1917 502 54 See
1882.76 166.3  5.11 6-5  Doberek 189174 1918 4.79 8
1882.87  165.7 5.15 6 Englemann (o) R | SN
1883.04  168.8  5.12 3 Hall 189277 1911 4.92 3 Comstock
1885.28 172.8 5.27 1 Seabroke 1892.85  197.5 4.90 2 Collins
1885.81 1734 5.06 5 Hall 189295 1974 475 1 Jones
1886.07  176.3 1.92 5 Englemann 1893.84 1960  4.88 ( Comdtock
1886.20 17’5.(; 4.78 o-2 Seﬂ.])roke 1393.97 198.2 5.12 i1 Lovett
1886.95 1753  4.99 5 all
1886.97  178.6 4.71 7 Tarrant 189405 2016 4.89 1 Comstock
1887.35 1806 4.6 1 Swith ALY W0 Lghl 1 e
1S538 EL3T LER S sl ks 189516 2048 497 3 Hough
1SS 1380, 84t o Wine 189517 2038 501 3 Comstock
1888.97  183.2  4.88 4 Hall 1895.29 2034  4.84 3 S
1889.10 1859  4.6d 3 Seabroke 1895.73 2043  4.78 2 See
1889.86 1854 4.98 1 Hall 1895.73 2059 4.74 2 Moulton

At the date of discovery Stk Wirniam Hurscuern found the distance® of
the component to be 117.09, and estimated the angle at 70°. At the epoch
1780.52 he found the distance 11”46, but made no measure of the angle of
position until 1782.45, when it proved to be 62°.07. IlerscneL ohserved the
angle to be 70°.8, in 1803, but made no measure of the distance. The carliest
obscrvation of hoth angle and distance is a rough measure by Bessir, in 1814;
and although his angle is nearly correet, it is evident from the subsequent
work of Struve that the distance is much too small. Since the time of
StruvE n Cassiopeae has been followed by nearly all of the best observers; so
that we bave good material upon which to base an investigation of the orbit.

Although the observations of % Cassiopeae do not suflice to fix all the
elements so well as might be desired, yet it appears that the range of uncer-
tainty is comparatively unimportant, except in the casc of the periodic time, which
may possibly difler several years from the value here derived. Some of the
orbits found for » Cussiopeae by previous computers are indicated in the fol-
lowing Table of Elements. '

r r T ‘ (] a Q i 1 Authority Source
1] [ o [+
181 | 1896.0 10.77083 10.335 | 25.55 | 57.98 | 243.65 | Powell M.N., vol. XXI, p.66
176.37 | 1924.78 | 0.6268 |10.68 |50.80 [ 68.5 |245.9 | Dunér Mes. Micro., p. 166
| 222.435 | 1909.24 | 0.5763 | 9.83 [39.95 | 53.83 | 223.33 | Doberck A.N. 2091
195.235 | 1901.25 | 0.6244 | $.639 | 33.33 [48.3 |229.45 | Griber AN. 2111
167.4 | 19040 [0.622 | 8.702 | 41.0252.09 | 233.1 | Coit M.N., vol. XL11, p. 359
2081 | 19089 |0.500 | 8.45 |47.1 [47.6 |214.2 | Lewis M.N, vol. LV, p. 20
| 190.50 | 1906.12 | 0.547 | 8.2047) 43.0 | 46.08 | 222.02 | See A 343

‘;latrbriorltt;;:;zl .;ournaz, 343; and dstronomical Journal, 355.
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and for the rapid proper motion of the system. Both of these cirenmstances
support the belief that the star is comparatively near to us in space, and ren-
der it certain that the parallax is sensible.

In 1881 Mr. Lupwic StruvE discussed the relative motion of the com-
ponents abont the common center of gravity of the system; and from his inves-

N M, e 1
tigation it follows that 57 = 0.268, or the masses of the two stars, according
1

to Orro STrRUVE’s parallax, are respeetively 2.90 and 1.06 times the combined
mass of the sun and carth. The companion is therefore more massive than the
sun and moves in an ellipse nearly twice the size of the orbit of Neptune; but
the eccentricity is so large that in periastron the companion wonld come con-
siderably within the orbit of the outer planet, while at apastron it would recede
to more than three times that distance.

ComrarisoN oF ComruTeEp witn OBsERVED PLAcCEs.

t o 6 Po Pe Go—0 Po—pPc n Observers
o o ” ” o ”

1779.81 s 57.2 | 11.09 11,33 [+12.8+| —0.24 1 Ierschel
1780.52 — 57.6 | 11.46 [11.36 —_ +0.10 1 Herschel
178245 | 621 | 587 | — 142 |+ 84| — 1 | Herschel
1803.11 70.8 70.3 - 1141 | + 0.5 — il Herschel
1814.10 78.5 T6.7 9.70 111.00 | + 1.8 | —1.30 il Bessel
1820.16 S1.1 80.5 | 10.68 '10.67 | + 0.6 | +0.01 b Struve
1827.21 85.6 85.4 | 10.2 110.21 | + 0.2 | —0.01 . Stiruve
1830.75H 86.2 87.9 | 1007 | 994 | — 1.7 | +0.13 b TBessel
1831.75 88.7 88.6 9.69 | 987 | + 01 | —0.18 1l Herschel
1832.46 88.1 S9.1 9.76 | 9.82 | — 1.0 | —0.06 i 2.5 Dawes 2
1835.26 91.2 91.1 9.52 | 958 | — 0.2 | —0.06 3 Struve
1836.74 92.1 92.6 939 | 944 | — 05 | —0.05 4 Struve
184157 | 974 969 | 935|902 | + 0.5 | +0.33 8 0. 3; Miidler 4; Dawes 1
1842.41 98.3 97.8 8761891 | + 05| —0.15 | 2-1 | Midler
1844.56 | 100.1 99.7 848 | 873 | + 0.4 | —0.25 6-5 | Miidler
1845.65 99.2 | 100.7 8.64 | 862 | — 1.5 | +0.02 9 Midler 8 ; Jacob1
1846.60 | 101.5 | 101.7 8.72 1851 | — 0.2 | +0.21 16 Miidler 12; Jacob 4
1847.37 | 102.3 | 102.5 838 | 844 | — 0.2 | —0.06 | 11-12 | Miidler6-7; OX. 5
1818.12 | 102.5 | 103.4 8.60 | 8371 — 0.9 | +0.23 2-1 | Jacob
1849.66 | 105.0 | 105.0 826 | 8425 | £ 0.0 | +0.01 4 0. Struve
1850.87 | 106.4 | 106.4 8.04 | 812 | £ 0.0 | —0.08 26 Miidler 21 ; Jacob 5
1851.80 | 107.8 | 107.5 7.88 | 8.00 | + 0.3 | —0.12 6 Miidler3; 0X.3
1852.61 | 108.5 | 108.5 T.65: ] 91 fi - w0 0= 0528 7-8 | Midler
1853.68 | 109.3 | 109.8 7.69 | 781 | — 0.5 | —0.12 | 21-15 | Mii.S; Ja.7; Po.6-0
1854.76 | 111.5 | 111.2 759|769 | + 03| +0.10 13 0X. 4; Mia.2; Dem.7T [Mo.3
1855.81 | 111.9 | 112.5 7.70 | 759 | — 0.6 | +0.11 | 22-16 | Mii.4-3; Sec. 2; Po. 9-4; Dem.4;
1856.45 | 1134 | 113.8 T37 [ 748 | — 04 | —0.11 |10-9 |Ja.d; Mi.2-1; Dem.4
1857.34 | 114.1 | 114.8 T.32 | 70| =004 | &0:08 14 Ja.3; OX.2; Ma. 5; Dem. 4
1858.29 | 115.6 | 116.4 7.26° ] 780" |, = 0:S N =008 10 Ja. 3; Mi.4; Dem.3
1859.60 | 116.4 | 118.3 702|714 | — 19| —0.12 |10-7 | Mi.2-1; Po.6-4; Mo. 2
1860.6S | 119.8 | 1194 717 1 7.09 | + 04 | +0.08 2 0. Struve
1861.82 | 119.2 | 1214 6891695 | — 2.2 | —0.06 { S-T Miidler 5 ; Powell 3-2
1862.78 | 120.9 | 122.9 6.92 | 687 | — 2.0 | +0.05 20 Miidler8; Dembowski 12
1863.80 | 123.4 | 124.7 @87 L1 @0 e B8] S 0. 1R 9 Dembowski

























80

¥ ANDROMEDAE BC = 0X 38,

which in each case are nearly equal. Sinee the companion of y dndromedac is

now within the reach of ordinary telescopes the accompanying ephemeris will
be useful to astronomers.

CompArisoN orF CompuTED wiTi OBSERVED PLACES.

t 6o 6: Po Pe 6—0. Po—Pc n Observers
3 ° ) [} [ ° 7
1843.25 | 121.6 | 116.6 | 0.43 034 | + 5.0 | +0.09 | 7-6 |Dawes 2; Miidler2-1; 0X.3
1845.15 | 116.9 | 115.1 | 0.39 041 | + 1.8 | —0.02 4 Miidler
1846.64 | 111.3 | 114.3 | 0.43 045 | — 1.0 | —0.02 | 7-3 | Mitehell
1847.47 | 1146 | 113.9 | 0.56 048 | + 0.7 | +0.08 9 0X.5; Dawes 4
1849.69 | 114.9 | 113.0 | 0.47 053 | + 1.9 | —0.06 4 Ox.
1851.19 | 116.6 | 112.5 | 0.40 0.56 | + 41 | —0.16 4 Miidler
1852.49 | 1129 | 112.1 | 0.49 0.58 | + 0.8 | —0.09 4 Mi:idler 2; Jaeob 2
1853.65 | 110.4 | 111.8 | 0.47%| 0.59 | — 14 | —0.12 11 | Midler 3; Dawes 4 ; Jacob4
J854.75 | 112.0 [ 111.53 | 0.61 | 0.60 | + 0.5 | 40.01 1 Dawes
1855.05 | 114.6 | 111.4 | 0.4 *| 0.61 | + 3.2 | —0.21 | 2-1 | Miidler 1-0; Seeehil
1856.18 | 118.3 | 111.1 | 0.45 0.62 | + 7.2 | —0.17 4 Jaeob 1; Midler1; Winn. 2
1856.99 | 112.7 | 110.9 | 0.53 063 | + 1.8 | —0.10 | 9-7 | OX.3; Seeehi 3; Miidler 3-1
1858.42 | 112.8 | 110.6 | 0.45 064 | + 1.2 | —0.19 | 7-3 |Jaeob2-0; Miidler2-0; Secchi3
1859.81 | 108.7 | 110.2 | 0.53 0.65 | — 1.5 | —0.12 1 Dawes
1862.55 | 115.2 | 109.6 | 0.50 0.66 | + 5.6 | —0.16 | 4-2 | Madler
1863.71 | 107.9 | 109.3 | 0.55 0.65 | — 1.4 | —0.10 9 Dem. 8; Dawes1; Romberg
1865.70 | 106.8 | 1089 | 0.59 | 0.64 | — 21 [ —0.05 | 7-6 | Knott4; Dawes 1; Leyton 2—
1866.21 | 110.0 | 108.7 | 0.70 0.64 | + 1.3 | +0.06 3 OX,
1867.79 | 104.3 { 108.3 | 0.5 x| 0.63 | — 4.0 | —0.13 3l Neweomb
1868.82 | 102.0 | 108.1 | 0.69 062 | — 6.1 | +0.07 | 6-5 | Brtinnow
1869.90 | 106.0 | 107.8 | 0.57 061 | — 1.8 | —0.04 16 02X, 3; Dembowski 13
1871.01 | 110.6 | 107.5 | 0.63 0.60 | + 3.1 | +0.03 15 | Dunér
1872.83 | 101.5 | 107.0 | 0.63 058 | — 55| +0.05 | 4-2 | Brinnow
1873.17 | 105.4 | 106.9 | 0.63 0.57 | — 1.5 | +0.06 5 (O
1874.26 | 102.8 | 106.5 | 0.52 035 | — 3.7 | —0.03 3 Neweomb 1; Gledhill 2
1876.79 | 105.7 | 105.6 = 0.51 | + 0.1 = 1-0 | Wilson and Seabroke
1877.05 | 104.1 | 105.5 | 0.48%] 0.50 | — 1.4 | —0.02 6 Schiaparelli
1878.43 | 101.6 | 104.9 | 0.40 047 | — 3.3 [ —0.07 10 | HallS; g2
1880.10 | 102.9 | 104.1 | 0.36 043 | — 1.2 | —0.07 | 11-1 | 81; Seabroke2-0; Jed.8-0
1882.05 | 104.0 | 102.9 | 0.49 038 | + 11 | +0.11 | 6-1 | Bigourdan
1883.39 | 100.9 | 101.9 | 0.35 | 0.34 | — 1.0 [ +0.01 | 10-9 | Englemann 7; Sea. 1-0; Per. 2
1884.41 | 115.4 | 100.9 | 0.35 0.30 | +14.5 | +0.05 4 Seabroke 3; Perrotin 1
1886.83 | 101.0 96.8 | 0.29 019 | + 4.2 | +0.10 1 Neweomb
1889.51 98.2 79.7 | 0.09 0.07 | +18.5 | +0.02 1 Burnham
1891.72 | 312.6 | 300.5 | 0.05%| 0.05 | +12.1 | +£0.00 3 Burnham
1893.79 | 121.8 | 125.6 | 0.14 0.11 | — 3.8 | +0.03 3 Barnard 3
1894.56 | 121.6 | 1214 | 0.15 0.16 | + 0.2 | —0.01 3 Barnard
1895.63 | 118.5 | 118.8 | 0.18 023 | — 0.3 | —0.05 5 Barnard
1895.72 | 118.2 { 118.6 | 0.29 024 | — 04 | +0.05 | 4-3 | See 3; Moulton1-0
EpueMERis.
t Gc Pe t 6c [
o L4 o »
1896.70 117.2 0.30 . 1899.70 114.70 0.42
1897.70 116.2 0.35 1900.70 114.4 0.44
1898.70 115.5 0.39
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t

1866.19
1866.27
1866.28
1866.31
1866.37
1866.94

1867.08
1867.22

1868.20
1868.28

1869.26
1869.32
1869.37

1870.08
1870.15
1870.28
1870.30
1870.56

1871.15
1871.26
1871.29
1871.30
1871.31
1872.11
1872.21
1872.23
1872.31
1872.33

1873.19
1873.22
1873.28
1873.63

1874.09
1874.13
1874.18
1874.28
1874.29

1875.14
1875.26
1875.28
1875.29
1875.33
1876.14
1876.26
1876.29

6o
238.4
237.8
234.6
233.3
231.5
228.3

22917
224.4

210.9
214.7

197.6 °
198.4
203.6

188.1
187.3
186.3
188.3
181.0
175.5
175.1
178.2
169.4
171.3
166.7
167.5
162.8
163.0
163.3

150.2
150.9
152.0
149.3

141.6
140.1
141.3
144.5
1428

130.1
128.9
132.4
133.3
129.5
1194
120.7
119.45

Po
0.52
0.70
0.40
0.78
0.72
0.66

0.59 -
obl.

0.5
0.72

0.64
0.62
0.48

0.64
0.5
0.66
0.43
0.2

Contatto
0.2
0.55

0.59

0.6
0.70
Contatto
0.58
0.69
0.5
0.5t
0.61
0.55
0.74
0.45%
0.58
0.64
0.62
0.74
0.70
0.62
0.77
0.59

0.66
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Observers

Dembowski
0. Struve
Seeehi
Knott

Leyton Obs.

Knott

Havvard
Dembowski

Dembowski
0. Struve

Teiree
0. Struve
Dunér

Harvard
Dembowski
0. Struve
Dunér

Gledhill

Dembowski
Gledhill
Dunér
Seharnhorst
0. Struve

Knott
Wilson
Dembowski
0. Struve
Dunér

Dembowski
W. &. S.
0. Struve
Gledhill

Dembowski
Gledhill
W. & S.

0. Struve
Dunér

Dembowski
Sehiaparelli
0. Struve
W. & S.
Dunér

Dembowski
Doberek
0. Struve

t
1877.17
1877.23
1877.23
1877.24
1877.27
1877.32

1878.16
1878.18
1878.26
1878.29
1878.32

1879.27
1879.29
1880.21
1880.22
1880.24
1880.29

1881.24
1881.24
1881.28
1881.30
1881.30
1881.31

1882.09
1882.20
1882.22
1882.25
1882.26
1883.24
1883.29
1883.31

1884.19
1884.22
1884.25
1884.26
1884.27
1884.28
1884.38

1885.27
1885.29
1885.29

1886.08
1886.24
1886.28
1886.29
1886.30

6o
108.7
107.9
110.3
108.1
108.0
107.3

104.1
100.3
100.8

99.1
102.3

- 931

91.8
85.2
89.8
88.9
85.2
811
84.9
86.8
79.0
80.2
73.7

75.7
73.3
76.2
75.1
75.0
724
69.3
66.4
62.7
61.9
63.9
60.6
64.5
67.0
G4.4
59.0
58.0
59.4

T2
51.4
55.0
51.2
56.3

Po

”
0.68
0.79
0.81
0.87
0.72
0.74

1.01
0.66
0.7

0.76
0.81
0.87
0.74

0.61
0.89+

0.73

091+
0.84
0.88
0.71
0.92
0.77

0.74
0.79
1.05
0.98
0.94

1.05
1.00
0.82

1.06
0.98
0.98
0.88
0.94

1.25
1.04
1.0H

1.09
1.06
1.03
0.98
1.08
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Observers

Dembowski
Schiaparelli
Plummer
Doberek

Q0. Strnve
Pritehett

Doberek
Dembowski
Jedrzejewiez
O. Struve
Hall

Sehiaparelli
0. Struve

Hall
Jedrzejewicz
Doberck
Burnham

Jedrzejewiez
Doberek

0. Struve
Hall
Sehiaparelli
Pritehett

Bigonrdan
Hall
Englemann
Sehiaparelli
Jedrzejewiez

LEnglemann
Sehiaparelli
Hall
Perrotin
Bigourdan
Schiaparelli
0. Struve
Hall
Englemann
Sea. & Smith

Seabroke
Schiaparelli
Englemann
Tarrant

Sea. & Smith
Hall
Jedrzejewiez
Englemann
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2 T e a 9} i A Authority ’ Source

o

58.91 [ 1853.37 | 0.2346 | 1.292 1.47{ 63.3 | 266.0 |Miidler, 18404 Dorpat obs. IX, p. 177
58.27 | 1816.687 | 0.444 0.892 | 33.67| 24.01 | 133.01 |Miidler, 1848; Tixt.-Syst. I, p. 248
42.501 | 1805.67 | 0.4743 | 1.013 | 10.52| 65.65 | 227.15 Villarceau1849' A.N. 967

58.94 |1815.53 | 0.256 1.030 | 18.4 | 48.6 |141.9 [Winnecke 18355

58.23 |1872.44 | 0.3023 | 0.908 [150.3 | 36.24 | 171.78 l’lummer,lh‘ﬂ: M.N. XXXI, p.195
60.45 |1869.9 0.365 0.908 (107.5 | 23.5 85.3 |Flam., 1873 Catal.d. ét.doub.p. 49
624 1869.3 0.353 0.908 [109.0 | 20.7 |199.0 |O.Struve,1874 C.R.LXXIX, p. 1467
59.486 [ 1870.82 | 0.3318 | 0.886 |358.05| 18.52 | 188.55 |Doberck, 1880, A.N. 2322 [1881
60.3 1866.0 0.391 0.853 | 81.55| 15.53 | 109.73 |Seeliger, 1881'\Vien.Akad.LXXXIH,
59.11 [1868.112 | 0.3819 | 0.853 | 80.18| 11.13 | 109.73 Seeliger, 1888 Akad.d.Wiss.,Miine.’S8

An examination of all the measures led to the mean places given in the
accompanying table; from these we find the following clements:

P = 60.0 years (3= B

T = 1870.40 =Tl

e = 0.340 A = 264°0

a = 0".8579 n = —6°.000

Apparent orbit:

Length of major axis = 17.704
Length of minor axis =652
Angle of major axis = )
Angle of periastron = 184°9
Distance of star from centre = 0”.290

The comparison of the computed with the observed places shows a good
agreement, and indicates that no radical change in the above elements is to be
expeeted. The period is perhaps uncertain by half a year, while the eccentricity
can hardly be varied by more than +0.03. The motion extends over more
than one revolution, and is well represented by the above elements in all parts
of the orbit. The apparent ellipse is remarkable for its cirenlarity, and the
small inclination renders the motion almost the same in the apparent as in the
real orbit. The general interest thus attaching to this system is greatly
enhanced by problems arising from the perturbations of the third star and its
theoretical companion.

ComrarisoN or Comrurep witn OBseErveDd PLACES.

Struve 6; Dawes 3
Tessel 55 Struve 4
Dawes 0; Struve 3

1831.20| 50.3 349107/1.07| —4.6 | +0.00
1832.23| 29.4| 30.91.2311.09] —1.5 | +0.14
1853.24] 24.2] 280 1.17)1.10] —3.8 | +0.07

t éo Gc I Po | pe | Go—8c| Po—pPc n Observers

) 3 I3 L) [ = o !
1781.90'363.5350.6| — [114] +39| ~ | 1 |ifersenel |
1825.27] 57.8 59.0|1.09 0.96|] —1.2 | +0.13| - |South !
1826.22| 57.6| 55.0{1.14{0.98| +2.6| +0.16 | 3 | Struve f
1828.80| 38.4| 44.1/1.04/1.03| —5.7 | +0.01 | 2 | Struve i
9 !

9
12 ,
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¥ 3121.

From an investigation of all the observations, I find the following elements:

Apparent orbit:

P =
T =
2l =
a =

34.00 years
1878.30

0.330

07.6692

Q
i
A

n =

Il

Length of major axis
Length of minor axis

Angle of major axis
Angle of periastron

o

-1 W
lv v &L

0

127

oio
b=

1 4

°.52

+1()°

5883

= 1".318
= 0".349

=r27°

= 189°.6
Distance of star from center = 07.142

ComrarisoN oF CoMruTEp wiTit OBSERVED I’LAcks.

¢ G0 0. Po Pec Go— 6c Po—Pc | ° n Observers
183231 | 20.0 | 223|085 |0.79 | — 23 | +0.08 3 | W. Struve
1840.31 | 66.5 | 473 | 0.40%] 0.35 | +19.2 | +0.05 3-1 | O. Struve
1844.28 | 193.5 | 189.8 | 0.33 | 0.29 | + 3.7 | +0.04 2-1 | O. Struve
1846.29 | 207.6 | 205.2 | 0.55 | 048 | + 2.4 | +0.07 1 | O. Struve
1847.34 | 214.2 | 210.1 | 0.54 052 | + 41 | +0.02 1 0. Struve
1848.25 | 213.0 | 214.1 | 0.53 | 0.52 | — 1.1 | +0.01 1 | O. Struve
1849.32 | 223.3 "lb §1048 {050 | + 55 | —0.02 1 | O. Struve
1850.30 | 228.6 | 223.9 | 0.42 045 | + 4.7 | —0.03 1 0. Struve
1851.26 | 239.7 | 230.1 | 0.33 | 0.39 | + 9.6 | —0.06 1 | O. Struve
1861.26 8.9 99067 {058 | — 1.0 | +0.09 1 | O. Struve
1863.11 | 14.8 | 14.6 | 0.7 0.66 | + 0.2 | +0.04 1 | Dembowski
1864.30 | 1301} 181|071 | 0.73 | — 51 | —0.02 1 | O. Struve
1865.77 | 26.8 | 21.3 | 0.80 | 0.78 | + 5.5 | 4+0.02 2 | Englemann
1867.65 | 21.3 | 2481070 | 0.79 | — 3.5 | —0.09 5 | Dembowski
1868.30 | 276 | 262 {081 [0.79 | + 1.4 | +0.02 2 | O. Struve
1869.31 | 2611 282 (088 | 076 ] — 21 | +0.12 1 | O. Struve
187038 | 286 | 306 | 0.57 071 | — 20 | —0.14 3 | Dunér, 2; Gledhill 1
1871.30 | 31.8| 328|065 | 065 | — 1.0 0.00 11 1 MG1S S DaNS: (OFNL : Dem. %
1872.20 | 364 | 356 [ 0.68 | 058 | + 0.8 | +0.10 | 1-2 | O3 1; Dunér 0-1
1873.70 | 343 | 428 | 0.6% | 042 | — 85 | +0.08 | 9-1 | Dembowski 8-0; Gledhill 1
1874.28 | 46.7 | 46.7 | 0.53 | 0.36 0.0 | +0.17 2 | O. Struve
1875.27 | 63.0 | 63.0 [ 0.25 | 0.22 0.0 [ +0.03 | 85 | Du1; O3 1; Sech. 4; Dem. 2
1878.21 | 185.2 | 1884 | 0.25 | 0.28 | — 3.2 | —0.03 1 | Burnham
1879.57 | 2004 | 200.2 | 043 | 041 | + 0.2 | +0.02 5 | Schiaparelli
1880.28 | 200.0 | 205.1 | 043 | 048 | — 5.1 | —0.05 4 | Hall 3; Burnham 1
1881.34 | 205.3 | 2101 | 0.46 | 0.52 | — 4.8 | —0.06 2 | Sehiaparelli
1882.28 | 205.8 | 214.1 | 0.45 | 0.52 | — 8.3 | —0.07 4 | Sehiaparelli
1883.27 | 221.2 | 2183 | 045 | 0.50 | + 2.9 | —0.05 | 6-12 | En. 6; Sch. 0-3; Hall 0-3
1884.39 | 222.7 | 2245 |1 0.38 | 044 | — 1.8 | —0.06 4 | Schiaparelli
1885.30 | 2158 1 230.5 | 0.4% | 0.39 | —14.7 | +0.01 3 | Sehiaparelli
1886.33 | 221.2 | 239.9 | 0. 27 032 | —17.7 | —0.05 4 | Englemann
1887.27 | 250.4 | 252.5 | 0.2 027 | — 2.1 | —0.05 9 | Schiaparelli
1888.27 | 286.3 | 272.6 0.22 +| 0.22 | +18.7 0.00 7 | Schiaparelli
1889.30 | 312.3 | 299.7 | 0.23%| 0.21 | +12.6 | +0.02 7 | Sehiaparelli
1890.29 | 332.9 | 323.5 | 0.27%| 0.24 | + 84 | +0.03 4 | Schiaparelli
1891.29 | 343.3 | 340.8 | 0.34 | 0.30 | + 4.2 | +0.04 6 | Hall 4; Schiaparelli 2
1892.26 | 355.3 | 354.0 | 0.41+| 0.37 | + 1.3 | +0.04 7 | Schiaparelli
1893.25 23| 359.7 | 047 | 043 | + 2.6 | +0.04 | 7-2 | Schiaparelli
1894.22 5.2 50 {048 [050 | + 0.2 | —0.02 9 [ Wilson 1; Comstock 3; Seh. 5
1895.29 10.7 9.8 | 0.53 0.58 { + 0.9 | —0.05 5 | See 2; Comstock 3
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t

1848.32
1848.35

1849.32
1850.63
1851.23

1852.30
1852.66

1853.18
1853.27

1853.96

1854.23
1854.28

1856.20

1858.28

1859.25
1859.30

1860.28
1860.28
1860.33

1861.28
1862.32

1864.30
1861.89
1865.67
1866.30

1867.08
1867.08
1867.32
1S67.87

1868.21
1868.63

1869.13
1869.26

6o Po
o »
3321 0.43
346.8  0.38
331.8 043
3358  0.49
3426 035
350.0  0.47
3391  0.46
3433 045+
346.3  0.35
350.0 04+
346.2  0.55
348.3 0.53
obl. ? -
S48.7 047
6.2 —
obl. ? -
1.0 0.36
3581  0.52
obl. ? —
4.3 043x
162 ? —
16.7  0.35
6.7  0.60
9.2 —
10.2  0.62
19.1 0.25
11.9  0.56
18.6  elong.
29.2  0.52
24. euneo
23.0  0.50
329 0.3
1094 elong.
125.7 elong.
29.3 elong.
Kreisrund
15.6  elong.
44.3  0.55
317.2  elong.
36.7  elong.
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® LEONIS == Y 1350.

Observers

0. Struve
Midler

0. Struve
0. Struve
Midler

Midler
O. Strave

Jaeob
Midler
Jacob

Dawes
Midler

Midler
0. Struve
Winneecke

Midler
Secehi

0. Struve
Midler
Jaeob

Midler

Miidler
0. Struve

Winneeke
0. Strave
Midler

0. Struve
Midler

Q. Struve
Dembowski
Englemann
Seechi

Winloek
Searle
Winlock
Vogel

Peirece
0. Struve

Peirce
Peiree

t

1870.24
1870.28
1870.30

1871.16
1871.30
1871.31

1872.18
1872.31

1873.23
1873.29
1873.58
1875.96

1875.32

1876.16
1876.24
1876.27
1876.29

1877.36

1878.11
1878.26
1878.28
1878.63
1878.95

1879.31
1879.78

1880.23
1880.26
1880.26

1881.10
1881.24
1881.26
1881.28
1881.31
1881.33

6o
44.4
53.6
37.9

=3

e
o
=14

o St
o2

x

euneo
0.57
0.3+

0.48

0.52

0.4+
eontatto
0.59

0.46
0.49
0.43
0.59

0.44

0.55 &
0.57

0.88
0.54
0.51
0.47
0.54
0.41

0.63
0.50
0.44
0.60
0.41

0.55

2

0.61
0.50
obl.

0.68
0.48
0.58
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Observers

Peirce
0. Struve
Dunér

Dembowski
0. Struve
Dunér

Wilson
0. Struve

W. & S.
Gledhill
Dembowski
0. Struve

Dembowski
Sehiaparelli
Dunér

0. Struve

Dembowski
Doberek
W. &S

O. Struve

Copeland
Plummmer
Doberek
Sehiaparelli
O. Struve
Dembowski

Burnham
Doberck
Dembowski
0. Struve
1all

Schiaparelli
Burnham

Bigourdan
Jedrzejewiez
Iall

Bigourdan
Doberck
Jedrzejewiez
0. Struve
IMall
Schiaparelli
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are sometimes difficult to reconcile, the angles and distances of the best ob-
servers, when properly combined, in conjunction with the important prineiple
of the preservation of areas, enable us to fix the apparent ellipse with a rela-
tively high degree of precision, and the resulting eclements are found to be
incapable of any large variation. The orbit is based chiefly upon the observa-
tions of IIErscuer, STRUVE, O. STRUVE, DAWES, DEMBOWSKI, BurNuaM, 1ALL,
ScuiArAReLLI, and the measures which the writer recently secured at the
McCormick Observatory in Virginia. The eclements of o Leonis are:

P = 116.20 years Q = 146°.70
I = 1842.10 i = 63°.47
e = 0.537 A = 124°22
a = 0".88241 n = +3°0981
Apparent orbit:
Length of major axis = 84556
Length of minor axis = 0".738
Angle of major axis =11 3155]
Angle of periastron = 293°4

Distance of star from eentre = 07.317

Several astronomers have previously investigated the orbit of this star;
the following table gives the clements hitherto published:

J 2 T e a (93 i ¢! Authority Source

82.533 | 1849.76 | 0.6434 | 0.857 |135.2 | 46.57 | 185.45 | Madler, 1841| Dorp. Obs.1X, 198
117.577 | 1843.408 | 0.6256 | 0.8505 | 159.83| 50.64 | 120.45 | Midler, 1846( Iixt. Syst. I, p. 250
133.35 |1846.44 | 0.3605 | 0.703 |111.85 57.23 | 217.37 | Klinkerf.1856| A.N. 990
22777 | 1841.40 | 0.7225 [1.307 [169.2 | 60.22 | 84.17 | Klinkerf, 1856| A.N.990
142,41 | 1843.39 | 0.6286 |1.092 |162.22| 54.42 | 107.15 | Klinkerf.1858| A.N.1127
136.4 1844.2 0.62 1.05 {160.5 | 524 |113.4 |Klinkerfues |Theor. Astron. p.395
107.62 | 1842.77 | 0.5028 | - 151.57| 65.37 | 122.9 | Deberck, 1876/ A.N.2078
110.82 | 1841.81 | 0.536 |0.890 |148.77| 64.08 | 121.07 | Deberck, 1876] A.N.2095
114,55 | 1841.57 | 0.5510 | 0.85 [149.25 64.08 [ 122.3 | Doberek
11530 | 1841.99 | 0.5379 | 0.864 |147.1 | 64.15|122.9 | Hall, 1892 A.J.269
115.87 | 1842.16 | 0.533 | 0.8753 | 145.9 | 63.05 | 125.32 | See, 1894 AN.3311

ComrarisoN or CompuTED witn OBusErvED PPLACES.

t 0. 6. Po Pe 0—0: | po—pe n Observers
[+ o [} » [} r
1782.86 | 110.9 | 112.1 | — 0.89 % ="1.2 = il Hersehel
1803.09 | 130.9 | 130.3 | — 1.08 | + 0.6 — 2 Hersehel
1825.21 | 153.9 | 150.4 | 0.97 | 0.81 |+ 3.5| +0.16 5 Struve
1832.25 | 163.4 | 164.9 | 0.51 | 0.52 | — 1.5| —0.01 & Struve
1833.29 | 172. 168.8 | 045 | 047 | + 4.0 —0.02 fx Struve
1835.33 | 178.3 | 179.9 | 0.3+ | 035 | — 1.6| —0.05 | 3-1 | Struve
1836.28 | 176.8 | 187.8 | 0.35 | 0.30 | —11.0| +0.05 | 7-2 | 3. 3-2; OX. 3-0; Miidler 1-0
1840.29 | 2475 | 2638 | 0.3 0.21 | —16.3| +0.09 2 0. Struve
1841.26 | 274.2 | 281.6 | 0.3 0.24 [ — 74| +0.06 | 2-1 [ Dawes 1-0; Midler1
1842.31 | 302.3 | 295.8 | 0.3 0.28 | + 6.5 +0.02 4 0. Struve
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Apparent orbit:

Length of major axis = 0".69
Length of minor axis = 0".53
Angle of major axis = 167°.6
Angle of periastron = 174°1

Distanee of star from centre = 07.149

It will be seen that this orbit is essentially similar to that found by
Grasexarr.  The table of computed and observed places shows so satisfaetory
an agreement for this close and diffienlt object that we may regard these ele-
ments as substantially correct, and confidently eonclude that sunch alterations
as futnre observations may render necessary will be of minor importance.

Companrisoxn orF Comprurip witul OBSERVED PLACES,

t do O Po Pc G0 Po—Pe n Observers
o o ” [ o 4 .

1842.32 6.3 4.0 | 047 (048 | + 2.3 | —0.01 3 Midler 1; O. Struve 2
1843.42 7.0 5.7 043 | 047 | + 1.3 | —0.04 4 Miidler 3; O. Struve 1
1844.26 6.6 7.0 0.51 | 0.47 | — 0.4 | +0.04 1 0. Struve
1846.19 11.5 10.1 044 | 0.46 | + 1.4 [ —0.02 | 4-3 | Miidler 3-2; O. Struve 1
184741 | 144 | 120 | 033 | 045 | +.24 | —0.12 3 Miidler 2; O. Struve 1
1848.40 10.4 13.8 0.35 | 0.45 | — 3.4 | —0.10 2 0. Struve
1850.39 15.0 17.2 033 {043 | — 2.2 | —0.10 2 0. Struve
1851.40 | 204 | 191 | 032|043 | + 1.3 | —0.11 6 Miidler 4; O. Struve 2
1852.40 22.9 20.9 029 [ 042 | + 2.0 | —0.13 6 O. Struve 2; Miidler 4
183340 | 167 | 2291 034 | 041 | — 6.2 | —0.07 3 0. Struve
1854.32 | 24.6 | 2451 041|041 | — 0.1 | £0.00 2 Dawes 1; O. Struve 1
1857.34 30.6 31.3 0.30 | 0.38 [ — 0.7 | —0.08 1 Secehi
1858.41 | 36.1| 339 | 040|037 | + 2.2 | +0.03 3 0. Struve
1859.38 | 408 | 362 034 [ 036 | + 4.6 | —0.02 3 Winneeke 1; O. Stiruve 2
186140 | 485 | 418 | 040 {034 | + 6.7 | +0.06 | 2-3 | Winnecke 0-1; O. Struve 2
1862.39 | 468 | 446 038 1033 | + 2.2 | +0.05 1 0. Struve
1864.43 | 48.5 | 512 | 027|031 | — 2.7 | —0.04 1 | O: Struve
1866.34 | 47.4 | 61.8| 032|029 | —14.4 | +0.03 2 Englemann 1; O. Struve 1
1869.40 | 450 | 70.0 loblong| 0.27 | —25.0 = 2 Dunér
1870.42 | 81.5 | 75.6 |oblong| 0.26 | + 5.9 — 2 Dunér
187241 | 777} 864 { 023024 | — 87| —0.01 | ,2 0. Struve
1873.46 | 96.0 { 924 |oblong| 0.24 | +-3.6 — 4 O. Struve 3; H. Bruhns 1
187547 | 115.1 | 105.1 |oblong| 0.22 | +10.0 —_ 2 0. Struve
1877.43 | single | 118.9 | single | 0.21 - - 1 0. Struve
1879.44 | single | 134.7 | single | 0.21 — — 1 0. Struve
1882.26 | 150.5 | 149.6 | "0.20 [ 0.20 | + 0.9 | £0.00 | 4-3 | Englemann 3; O. Struve 1-0
1887.43 | 218.9 | 206.6 | 0.23 | 0.19 | +12.3 0.04 4 Sehiaparelli |
1888.43 | 220.3 { 216.1 | eune. | 0.19 | + 4.2 —_ i 0. Struve
1889.39 | 214.0 | 225.2 | elong. | 0.19 | —11.2 —- 1 O. Struve
1892.13 | 250.8 | 248.3 | 0.21 | 0.21 | + 2,5 | £0.00 | 3-2 | Burnhamn
1893.36 | 249.6 | 257.1 | 0.30 | 0.22 | — 7.5 | +0.08 il Sehiaparelli
1894.40 | 262.7 | 264.0 — 1023 | — 13 — 3-0 | Bigourdon
1895.73 | 276.2 | 271.6 0.25 1025 | + 4.6 | £0.00 | 3-1 | Sec

Some changes will doubtless be required in all the elements, but the two
clements of chief interest, the period and the eceentricity, will hardly be varied
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1881.34
1881.35
1881.36

1882.25
1882.25
1882.25
1882.39
1882.42

1883.32
1883.38
1883.40
1883.41

1884.28
1884.32
1884.35
1884.38
1884.41
1884.44

1885.35
1885.36
1885.39
1885.41

1886.37
1886.37
1886.45
1887.04
1887.35
1887.36

1888.28
1888.29
1888.43
1888.51

1889.28
1889.29
1889.36

0.
269.2
269.7
268.9

263.5
259.4
262.1
261.1
260.4

244.7
245.2
2454
243.4
237.3
237.4
237.0
226.9
230.3
250.9

ot

< oI
SRR
-1 W =W

[ S 8]
ot
W

p.

n
1.84
1.66
1.92

1.99
2.00
1.99
1.93
10

2.00
1.88
1.95
1.88

1.69
1.89
1.82
1.92
1.56

1.80
el
1.72
1.87

1.63
2.06
1.80

1.61
1.65

1.68
1.63
1.61

2.20

2.09
1.68
1.61

b
b=
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Observers

Hall
Burnham
Schiaparelli

Hall
Doberek
Englemann
Schiaparelli
0. Struve

Englemann
Schiaparelli
Hall
Jedrzejewiez

Perrotin
Hall
Bigourdan
Sehiaparelli
Englemann
O. Struve

Hall
Englemann
Schiaparelli
Tarrant
Hall

Englemann
Jedrzejewicz

Glasenapp
Nall
Sehiaparelli

Hall
Schiaparelli
0. Struve
Maw

Glasenapp
Hall
Sehiaparelli

L

t

1889.37
18§89.39
18§89.40

1890.27
1890.36
1890.40
1890.42
1890.45

1891.13
1891.15
1891.30
1891.31
1891.41
1891.47

1892.32
1892.35
1892.36
1892.39
1892.45
1892.46

1893.27
1893.33
1893.36
1893.37

1894.22
1894.30
1894.32
1894.34
1894.35
1894.47
1894.56

1895.30
1895.31
1895.32
1895.33
1895.46

6o

o
216.9
218.5

2174

210.0
200.7
209.1
313.

209.4

202.6
202.1
200.6
204.1
199.8
199.9

196.9
195.1
194.1
1974
196.6
197.5

188.0
187.3
186.4
186.1

183.2
1811
182.8
183.6
183.0
181.7
184.6

176.5
176.0
176.0
176.6
175.9

-1 O
(S 4

P e RLE
G090 as
So o

—
<

1.84
1.87
1.78
1.77

1.93
1.78
1.98
1.95

1.79

-
=

g

w

=S = SRR
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_ e
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Observers

Maw
0. Struve
Tarrant

all
Sehiaparelli
Maw

Hayn
Knorre

Bigourdan
Flint

Hall
Knorre
Schiaparelli
Maw

Maw
Schiaparelli
Bigourdan
Kuorre
Leavenworth
Jomstoek

Knorre
Maw
Schiaparelli
Dav. Photog.

Comstoek
Ebell

H. C. Wilson
Knorre
Maw
Bigourdan
Glasenapp

Comstoek
Dav. Photog.
Lewis

See
Schwarzschild

This celebrated system was first measured by Hrrscugn in 1781. A repe-
tition of the measures in 1802 and 1804 showed* that the smaller star had a
rapid relative motion (Phil. Trans. 1804, p. 363), and indeed gave indications
for the first time that the motion of certain double stars is of an orbital nature.
¢ Ursae Majoris thus enjoys the unique distinetion of having first aroused
interest in observational proof of the universality of the Newtonian law. This

* Astronomische Nachrichten, 3323.
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The following table of computed and observed places shows that these
clements are extrefiely satisfactory.

ComparisoN orF CoMrurep wiTH OBSERVED PLACES.

¢ 0, O: | Po | Pe | Bo—0c| Po—P: n Observers
[<) <] n n [+)
1781.97/143.9/14844 +(2.94] — 476 | +1.66£| 1 | Hersehel
1802.09) 97.5/ 99.0 — [2.70| —1.5| — | 1 |Herschel
1804.09{ 92.6| 93.3] — [2.47| —0.7T — 1] Herschel
1819.10 284.5 282.1] — 69| +24( — 2 | Struve
1820.13(276.3/274.0 — [1.79] +2.3 3 " e

S4| +0.2 | +0.08| 3 |[sStruve

1821.78/264.7|264.5/1.92(1

]823.29;258.4 255.8‘.2.81 1.83) +2.6 | +0.9S |58-20| Herschel and South
1825.22/244.5|244.5 2.4411.78| £0.0 +0.66 | 7 South
1826.20,238.7|1238.4/1.77(1.75| +0.3 | +0.02 | 3 | Struve
1827.27]228.3231.6(1.71|1.72| —3.3| —0.01 | 4 | Struve
1828.371224.0/224.3/2.01{1.69| —0.3 | +0.32| 2 | Herschel
1829.35,213.6/207.7 1.67/1.67| —4.1 [ £0.00 | 7 |struve

1830.58'20(5.1 209.3/2.231.67| —3.2 | +0.56 {10 & | erschel

1831.28 202.4 204.5;1.85 1.68) —2.1 | +0.17 |27-14| Bessel 5; Dawes 17-4; W. Struve 5
1832.34/1196.3|197.3/1.76/1.69| —1.0 | +0.07 {15-13| Dawes 10-8; W. Struve 5
1833.30/1189.0[191.0(1.83/1.72| —2.0 | +0.11| 9 | Dawes4; W. Struve 5
1834.47/183.3[183.7/11.87|11.78| —0.4 | +0.09 | 6-2 | W. Struve 2; Miidler 4-0
1835.34[178.3|1178.7[1.84[1.82| —0.4 | +0.02 | 6 | Madler 1; W. Struve 5
1836.33(171.7|1173.1/11.94/1.89| —1.4 | +0.05 [12-7 | Dawes 1; Miidler 7-2; W. Struve 4

—
-
<
-1

1837.47(165.3(167.2/1.93(1, —1.9| —0.04| 3 |Struve
1838.43[160.4{162.7(2.2612.05| —2.3 | +0.21 9 | Struve
1839.47|1157.9157.4/11.8912.14]| +0.5 [ —0.25| - | Galle
1840.34(152.2(154.5|2.36/2.20{ —2.3 | +0.16 [12-10| Dawes 6-4; O. Struve 6
1841.30(148.6{150.2/2.36/2.29) —1.6 | +0.07 [17-15| Dawes 4-8; Miidler 7-6; O, Struve 6
1842.30(146.4/147.3/2.4012,37| —0.9 | +0.03 | 12 | Miidler 4; Dawes 4; O. Struve 4
1843.33[143.0{143.9(2.42|12.45] —0.9 | —0.03 | 11 | Dawes 7; Miidler 4
1844.34(140.7{140.7(2.52|12.54] +0.0 | —0.02 [14-13| O. Struve 3; Midler 11-10
1845.741136.9 l36.6l2.81 2.65] +0.3| +0.16 | 4 |O. Struve 2; Jacob 2
1846.37/137.2134.92.562.69] +2.3 | —0.13| 4 |O. Struve

1847.36/132.3(132.3 2.63(2.76| £0.0 [ —0.13 | 14 |Dawes 1; Miidler 10; O. Struve 3
1848.3()'129.5 130.02.78/2.82| —0.5| —0.04 | 15 | Dawes 1; Dawes 3; Miidler 4; O. Struve 5; Bond 2

1849.33/1127,1[127.32.89(2.87| —0.2 | +0.02! 9 ! Dawes5: O. Struve 4
1850.51(124.3/124.8'2.96(2.94| —0.5 | +0.02 | 8 |Jacob2; O. Struve 4; Miidler 2

1851.39/122.9/122.92.89(2.97| £0.0 | —0.08 [28-27| Fit. 6-5; Midler 6; Dawes 2; O. Struve 5; Midler 9
1852.30/120.3/120.9 2.8413.00/ —0.6 | —0.16 i27—26 Mliler 7; Flt. 6; Jacob1; Mii. 6; Mo. 2; Da. 1-0; O=.4
1853.24 115).()'118.‘.)9.96 3.02) +0.1 | —0.06 35-29] Miller 4; Jacob 2; Powell 6-0; FlL. 6; OZ. 4; Mii. 13
1854.34 116.4;116.5 2,98]3.03| —0.1 | —0.05 |37-28| Powell 10-1; Miidler 15; Dawes 3; O. Struve 4; Dem. 5
1855.33115.2114.5 2.98(3.03| +0.7 | —0.05| 13 | Dembowsk! 7; Sec. 1; Miidler 2; O. Struve 3
1856.45/112.4[112.1(3.07|3.02] +0.3 | +0.05 | 29 |Jacob 3; See. 4; Dembowskl 7; Miidler 13; Jacob 2
1857.42/1109.8/110.0/2.94[3.00, —0.2 | —0.06 | 13 |Sec. 2; Midler 8; O. Struve 3
1858.24108.4/108.3/2.96|2.97| +0.1 | —0.01 | 20 | Jacod 4; Morton 2; Dembowskl 6; O. Struve 3; Mii. 5
1859.48/105.5/105.4/2.87|2.91| +0.1 | —0.04 [11-8 | Miidler 6-3; O. Struve 5

1860.24;104.6 103.6/2.96(2.86] +1.0 | +0.10 112-10| Morton 2; Powell 6-5; Dawes 2-1; Miidler 2
1861.32/100.8 10].0|‘.3.87 2771 —0.2 | +0.10 (18-14| rowell 6-2; O. Struve 4; Miidler 8

1862.38] 99.7| 98.2/2.78/2.67| +1.5 | +0.11 | 8 | Midler 4; O. Struved;

1863.34| 96.7] 93.62.65/12.56] +1.1 | —0.01 | 21 | Dembowskl 19; O. Struve 2

1864.40( 93.7] 92.212.36/2.42| +1.5 | —0.06 | 16 | Dembowskl 9; Sec. 3; O. Struve 3; Dawes 1

1865.31| 90.5/ 89.02.372.27| +1.5 | +0.10 | 33 | Englemann 19; Dembowsk! 10; See. 4

1866.33| 86.2) 85.5/2.14|2,13| +0.7 [ +0.01 | 16 | See. 8; Dembowskl 10; O, Struve 3

1867.39 81.61 79.5[1.91{1.89] +2.1 | +0.02 | 11 | Dembowski 8; O. Struve 2

1868.28-76.8| 75.0'1.701.73] +1.8 | —0.03 | 13 | Searle 1; Dembowskl 8; O. Struve 4

1869.40| 68.6, 65.3 1.34[1.45] +3.3 | —0.11 | 11 | Dunér
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Apparent orbit:

Length of major axis = 1".682
Length of minor axis = 17.02
Angle of major axis =
Angle of periastron’ = 231°1
Distance of star from eentre = 0”.242

ComprARrIsON OF ComruTED WITH OBSERVED PLACES.

t o 0c po Pe Oo—6c | Po—pc n Observers
Py 3 [ ” ) 7

1844.33 | 289.3 | 288.6 | 0.67 | 0.60 | + 0.7 | +0.07 1 0. Struve
1845.47 | 296.7 | 293.5 | 0.64 | 0.59 | + 3.2 | —0.05 il 0. Struve
1846.42 | 306.8 | 298.1 | 0.57 | 058 | + 8.7 | —0.01 il 0. Struve
1847.45 | 315.8 | 303.7 | 0.563 | 0.57 | +12.1 | —0.04 1 0. Struve
1849.47 | 320.8 | 314.9 | 049 | 0.56 | + 59 | —0.07 1 0. Stiuve
1850.31 | 316.5 | 3187 | 0.56 | 0.56 | — 2.2 | +0.00 1 0. Struve
1851.42 | 328.0 | 324.7 | 0.54 | 0.56 | + 3.3 | —0.02 2 | O. Struve
1852.46 | 329.5 | 330.2 | 0.57 | 0.56 | — 0.7 | +0.01 1 | O. Struve
1853.41 | 333.5 | 3355 | 0.54 | 0.57 | — 2.0 | —0.03 1 0. Struve
1855.47 | 346.6 | 346.3 | 0.51 | 0.59 | + 0.3 | —0.08 1 | O. Struve
1856.55 | 350.3 | 351.8 | 0.52 | 0.60 | — 1.5 [ —0.08 1 | O. Struve
1857.51 | 350.4 | 356.6 | 0.55 | 0.61 | — 6.2 | —0.06 1 0. Struve
1858.44 | 358.7 1.0 | 0.55 | 0.63 | — 2.3 | +0.12 1 | O. Strnve
1859.41 | 358.7 551062 | 065 | — 68| —0.03 il 0. Struve
1861.42 | 133 | 13.7 | 0.65 | 0.69 | — 0.4 | —0.04 2 | O. Struve
1862.38 | 203! 1751056 | 0.1 | + 2.8 | +0.05 1 0. Struve
1864.43 | 253 | 248|080 [ 0.56 [ + 0.5 | +0.04 1 | O. Struve
1866.49 | 33.3 | 30.8 | 0.83 | 0.81 | + 2.5 | +0.02 1 | O. Strnve
1867.45 | 40.1 | 34.2 |separateal 0.84 | + 5.9 - 1 | Dembowski
1868.13 | 31.0 [ 36.0 | 0.84 | 0.86 | — 5.0 | —0.02 1 Dembowski
1870.32 | 40.0 | 40.4 { 0.94 | 0.90 | — 0.4 | +0.04 2 | Dembowski 1; O. Stimve 1
1872.50 | 42.6 | 471 ] 0.90 | 0.96 4.5 | —0.06 2 | Dembowski 1; O. Struve 1
1876.63 | 51.0 | 559 095 | 1.02 | — 4.9 | —0.07 1 0. Struve
1877.29 | 541 | 57.3(1.05 | 103 | — 2.2 | +0.02 3 | Dembowski 2; O. Struve 1
1878.35 | 581 59.3 | 1.18 1.04 | — 1.2 | +0.14 4 Dembowski
1879.44 | 582 | 61.5 [ 1.07 [1.05 | — 3.3 | +0.02 | 1-3 | O. Struve 1; Hall 0-3
1882.59 | 648 | 673|126 |[1.05 | — 2.5 +0.21 6 | Englemann
1887.43 | 725 | 7611093 | 1.02 | — 3.6 | —0.09 4 | Schiaparelli
1888.56 | 72.6 | 784 {122 |[1.00 [ — 58| +0.22 | 4-5 | OX. 0-1; Tarrant 4
1889.37 | 76.9 | 79.8 | 1.07 {098 | — 2.9 | +0.09 5 | Hall
1891.29 | 81.7 | 83.6 | 1.04 | 094 | — 1.9 +0.10 1 Bigourdan
189239 | 855 | 8591094 |0.92 | — 04 | +0.02 | 98 | 8 3; Big.1; Lv.2; Com. 3-2
1803.39 | 884 | 882|089 | 0.89 | + 0.2 | £0.00 | 7-10| Comstoek 1; Bigourdan 6-9
1894.24 | 90.1 | 90.1 [ 075 | 087 | £ 0.0 | —0.12 3 Jomstoek
1895.50 | 939 | 933|080 | 083 | + 06| —0.03 3 | Comstock

A comparison of the computed with the observed places shows a very sat-
isfactory agreement, and we cannot doubt that the clements given above will
be found to approximate the truth. The period remains uncertain by perhaps
five years, and the cccentricity may be varied by +0.05; but larger alterations
in these elements are not to be expeeted. The motion of this pair will be ac-
cclerated in approaching periastron, and hence for a good many years will
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II. By other observers:

¢ 6o Po n Observers t 0, Po n Observers

1856.20 20.6 0.7k 3 Jacob 1887.58 3591 1.76  2-1  Tebbutt

1887.53 3585 _1.75 6 TPollock
1857.97 13.7 1.11 5 Jaecob

1888.47 3595 1.87 4-6  Tebbutt
1860.68 12.8 — 100bs. PPowell ,

. 1859.32 3591 1.73 1 Tolloek
S§70.2; B L5 oW .

1570.23 PRNLOE RO el 1590.36 12 181 1 Sellors
1871.38 38  1.18 1 dussell 1590.36 359.0 1.8+  2-1  Tebbutt
1873.36 12 9299 1 Bissell 1891.10 357.0  1.33 1 Sellors

1892.32 357 1.21 5 Sellovs

-1 9 « . > T

LEALEE Rl BLAR e ahged 189248 8587 166 7-8  Tebbutt
el Lo 85 1800~ illery 1893.36 3567 140 3 Sellors
1880.44 1.3 139 1 Russell 189440 3566 1.24 3  Sellors
1882:22 241 — 1 Tebbutt 1895.33 3564 1.75 11-T  'Lebbutt

In the course of the three years following the discovery, ITErscnun secured
several micrometrical measures with his seven-inch equatorial, but it appears
that the records he has left us in his sweeps with the 20-feet reflector are
much nearer the truth as regards the position-angle of the stars at that epoch.
It is singular that his measures with the equatorial give angles almost identical
with that of the pair at the present time (356°.4), while his estimates made
under the superior power of the reflector give the angle as 340°+. A careful
study of all of his observations of y Centaure (Results of Obscrvations at the
Cape of Good Iope, pp. 211, 256, 269), and of the other measures by subse-
quent astronomers leaves no doubt that his estimates with the reflector are
essentially correct, while for some rcason the measures taken with the equato-
rial are vitiated by systematic errors which render them worthless.  In the
above list of measures I have inserted ITerscuer’s notes, with a view of
throwing light upon this interpretation of his observations.

Contrary to the opinion of IHrrscurl, it is now evident that the motion
of y Centawri is retrograde; and hence we perecive that the radius vector has
swept over nearly an entire revolution since 1835. The recent measures of
TessUTT, to whom we are so much indebted for observations of this star, prove
beyond doubt-that the distance of the components in angle 350° must be at
least 1".48; and hence it could ecasily have been divided by Ikrscnern with
his seven-inch equatorial. IIe says, however, that the object was “extremely
close and very diffienlt, at least as close as y Virginis;” and since it is known
that y Virginis, to which IIERscHEL gave regular attention, was less than 0".7,
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t

1848.45
1848.45
1848.48

1849.37
1849.41
1849.45
1849.50

1850.2!
1850.30

1850.30°

1850.36
1850.39
1850.42
1850.48

1851.17
1851.19
1851.28
1851.36
1851.40
1851.40
1851.42
1851.47
1851.98

1852.24
1852.26

1852.32

185242
1852.43
1852.43
1852145

185247

1853.24
1853.24
1853.27
1853.32
1853.36
1853.38
1853.39
1853.40
1853.91

1854.39
1851.39
1851.40
1854.47

0o
360.4
360.6
360.5

359.0
352.9
359.8
357.0

359.7
338.0
3975
356.7
355.2
359.1
359.7

356.8
357.7
357.9
356.3
356.0
356.5
353.0
355.9
356.1

355.5
355.5
355.3
3554
354.6
355

356.9
359.7

353.2

3514
304.9
354.6
3541
357.4
354.2
352.0

393.0

352.0
352.7
352.1
353.6

Po

»
2.60
2.80
2.60

2.85
2.64
3.0

2.92

2.85
£2.90
2.90
2.95
2.74

2.94

292
3.12
2.99
004
3.05
A0
2.88
3.04
3.30

312
312

&
3.02

315
347
3.00
3.05
3.20

3.12
3.10
3.18
3.06
3.30
3.25
3.13
3.06

3.45
3.21
3.40

3.2

Pl

Y VIRGINIS

Observers

W.C.&G.T.B.

Mitchell
Main

Dawes
0. Struve

W.C.&G.I.B.

Main

Johnson
Jaeob
Hartnup
Fleteher
0. Struve
Midler
Main

Plilpot
Jacob
Midler
Main
IPletcher
Dawes

Q). Struve
Miller
Miidler

Jacob
Miller
Dawes
Fletcher
Miudler
0. Struve
Fearnley
Main

Jacobh
Towell
Miller
Fletcher
Dawes
Main
Midler
0. Struve
Jaeob

Mitdler
Dawes
Morton
Dembowski

(R—N

= X'1670.

t

1855.18
1855.19
1855.30
1855.39
1855.40
1855.45
1855.46
1855.53

1856.10
1856.29
1856.38
1856.39
1856.39
1856.43
1856.96
1856.97

1857.96
1858.534
1858.37
1858.39
1858.40
1858.44
1858.45
1858.47
1858.48
1859.15
1859.57
1859.38
1859.39
1859.44
1859.46

1860.24
1860.30
1860.35
1860.36
1860.36
1860.36
1860.44

6,
351.6
351.3
353.4
353.5
352.6
354.1
351.2

358.3

350.5
3:1).0
3517
350.5

=

o~

DIl

1721

3484
350.1
350.8
352.9
351.6
350.2
349.9
350.2
350.7
318.5
319.9
350.0
352.0
349.3
3188
348.0
350.7
350.7
349.2
347.9
350.0
349.5
348.2

347.9
358.0
345.9
350.2
3471
317.3
349.3

.63
3.50
3.80
1.01
3.57
5.62
3.67
3.68
3.85
540
5.95
3.88
376
1.18
3.91
8T
3.95
2.90

3.90

~

t

Observers

0. Struve
Dembowski
Powell
Main
Secchi
Mitdler
Dawes
Morton

Jacob
Main
Secehi
Dembowski
Midler
Winunecke
Carpenter
Morton

Schmidt
Dembowski
Dawes
Seechi
Baxendell
Fletcher
Midler
Dawes

0. Struve
Jaeob

Dembowski
Miudler
Fletcher
Secchi

0. Struve
Dawes
Carpenter
Morton

Morton
Midler
0. Struve
Wakeliu
Seechi
Dawes

Auwers
Jaeob
Midler
Schiaparelli
Wagner
Oblomievsky
Knott












126 ¥ VIRGINIS = X'1670.

attention of eminent men, ineluding Sk Joun IHurscurn and the illustrions
Apanms, we could hardly hope for material improvement over the results already
obtained, were mnot the investigation rendered more complete by recent obser-
vations, and hy the use of the observed distances, which have generally been
rejeeted, but which here acquire a high importance owing to the slow angular
motion. The nature of the motion of y Virginis is sueh that some of the ele-
ments, especially the periastron passage and the eccentricity, are determined
with great precision; but the period has been underestimated by nearly all
recent investigators, and will still remain slightly uncertain, perhaps to the
extent of one year.

ELEmENTS DERIVED FrROM PRrREVIOUS INVESTIGATIONS.

v T e a Q i A Authority Source

7 [ ° ° )
51528 | 183401 | 0.8872 |11.830 | 87.83 | 68.0 | 2900 |Hersehel, 1831|Mem. R.A.S. vol. V. p. 108
628.90 | 1834.63 | 0.8335 |12.00 | 974 |67.03 | 282.35 [Hersehel, 1833|Mem. R.A.S.,vol VL. p. 152
145.409 | 1836.313 | 0.8681 | 3.402 | 60.63 [ 24.65 | 78.37 [Mudler, 1841|Dorpat Obs., 1841 p. 174
157.562 | 1836.103 | 0.8630 | 3.638 |58.38 | 35.6 | 94.0 [Mudler, 1841|A.N. 363

143.44 [ 1836.29 | 0.8590 — [70.6 [23.1 |319.38 (Hend’n, 1843| Spee. Hartw.,’ p. 345
141.297 | 1836.228 | 0.8566 — | 7847 | 25.23 | 319,77 |Hind, 1845 Mem. R.A.S., vol. XVT,
133.5  {1836.30 | 0.8525 | 3.499 | 69.67 | 24.6 |249.3 |Jacob, 1846 [p. 461
169,445 | 1836.279 | 0.8806 — 162152542 | 79.07 (Midler, 1847|Die Fixs.-Syst, II. p. 240
182,12 | 1836.43 | 0.8795 — 5.55 [ 23.6 | 313.75 |Herschel, 1847 Results,’ p. 207 [p. 67
183.137 | 1836.385 | 0.886G0 4.336 | 28.7 | 30.65 | 290.5 |Herschel, 1850 Mem. R.A.S., vol. XV1I1,
171.54 | 1836.40 | 0.8804 — ] 20.57 [ 27.38 | 300.2 |Hind, 1851 M.N., vol. XL, p. 136
174137 | 1836.34 | 0.8796 — | 34751 25.45 | 284.9 |(Adams, 1851

184.53 [ 1836.40 | 0.8794 — 1912276 |295.2 |Fletcher, 1853M.N., vol. XIIl, p. 258
148.2 | 1836.2 0.8725 | 3.617 | 41.67 | 31.95 | 269.3 |Smyth, 1860|*Cycle,’ p. 356

177.7 1836.50 | 0.8878 | 4.226 | 35.62 | 37.33 | 281.7 |Smyth, 18G0‘ Cyecle’ eont., p. 451
185.0 | 1836.68 [ 0.896 3.97 |35.6 1351 |283.7 |Thiele 18GG/A.N., vol. XVIII

long. per.
1750 [1836.45 | 0.8715 | 3385} — | 0.0 |= '32%.()‘1?]., 1874} Catalogue,’ p. 72

180.54 |1836.47 | 0.8978 | 4.09 |45.82|37.0 | 93.93 [Doberck, 1881|Copernicus, vol. I, p. 143
179.65 [1836.45 | 0.8904 | 3.94 [46.0 |33.95| 93.92 [Doberck, 1881(Coperu., vol. I, p. 143 [*03
192.07 | 1836.51 | 0.895 4,144 | 54.9 | 34.12 | 274.23 [Sce, 1893|Astron.& Astro.-Phys., Dee.

From an investigation of the long list of observations, inelnding the very
careful measures recently secured with the 26-ineh refractor of the ILeander
McCormick Observatory of the University of Virginia, we find the following
elements of y Virginis:

P = 194.0 years Qb= 502
I = 1836.53 1 = 31°.0
e = 0.8974 A= 270°0
e = 3".989 n = —1°85567
Apparent orbit:
Length of major axis = (".824
Length of minor axis = 3".530
Angle of major axis = 140°4
Angle of periastron = 140".4

Distance of star from eentre = 3”.062
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g ‘ 0, 0. Po pe 0.—6 Po—p. n Observers

] o n n o "

1847.38 2.5 30240 | 242} — 05| —0.02 | 11 Dawes 8; O3. 3
1848.34 0.8 1.3 271|255 — 05 +016 | 7,6 | Midler
1848.40 | 359.8 11| 257 [ 256 — 1.3 | +0.01 | 12 | Dawes9; OX. 3
1849.37 | 359.0 | 359.5 | 2.84 | 2.67 | — 0.5 1 +0.17 | 5,4 | Dawes
1850.40 | 358.0 | 357.9 | 2.74 | 280 | + 0.1 | —0.06 | 11,4 |Jacob 2-0; OX. 4; Midler 1-0;
1851.28 | 357.9 | 356.8 | 299 | 2.90 | + 1.1 | +0.09 4 Midler [Midler 4-0
1851.40 | 356.5 | 356.4 | 299 | 2.95 [ + 0.2 | +0.04 5 Dawes
1852.38 | 354.6 | 355.4 | 3.06 | 3.01 | — 0.8 | +0.05 7 Dawes2; Midler2; 0X. 3
1853.30 | 353.6 | 3543 | 3.21 | 313 | — 0.7 | +0.08 | 5,4 |Jacob 2; Dawes 3-2
1853.56 | 353.1 | 354.0 | 315 | 316 | — 0.9 | —0.01 | 12 | Mudler 6; OX. 4; Jacob 2
1854.43 | 353.2 | 353.0 | 322 1326 | + 0.2 —0.04 | 15 | Dawes 8; Dembowski 7
185518 | 351.4 | 3523 | 340 | 3.33 | — 0.9 | +0.07 8 0X.3; Dembowski 4
1855.67 | 352.8 | 351.8 | 340 | 340 | + 1.0 0.00 | 10,9 | Senff1; Midler3; Dawes 4-3;
1856.39 | 350.5 | 351.3 | 3.56 | 344 | — 0.8 | +0.12 5 Dembowski [Morton 3
1857.28 | 3491 | 350.2 | 3.70 | 3.56 | — 1.1 | +0.14 | 20 | Dembowski6; Dawes 7; Senlt 7
1857.56 | 350.2 | 350.1 | 3.57 | 8.57 | + 0.1 0.00 | 22,21 | Mi.9-8; Da.6; 035 Ja.b
1858.36 | 349.2 | 349.3 | 3.80 | 3.65 | — 0.1 | H+0.15 | 8,6 | Dembowski 6; Miidler 2-0
185844 | 350.2 | 349.3 | 359 | 3.66 | + 0.9 [ —0.07 | 16 | Senff3; OX. 2; Da. 8; Mo.3
1859.56 | 349.1 | 348.6 | 3.83 | 3.72 | + 0.5 | +0.11 | 24,23 | Mo. 4; M. 9-8; OX. 3; Senff 3
1860.40 | 347.6 | 347.6 | 3.97 | 3.84 0.0 | +0.13 3 Midler1; Knott 2 [Dawesd
1S61.25 | 346.6 | 347.1 | 393 | 3.90 | — 0.5 | +0.03 9 0X.4; Powell 5
1861.38 | 348.1 | 347.0 | 4.11 | 391 | + 1.1 | +0.20 3+ | Mudler 3; Auwers —
186228 | 346.0 | 346.3 1 401 | 3.99 | — 0.3 | +0.02 [13,10 | Da. 5-3; Po.3-2; Mi.3; OX. 2
1863.54 | 346.4 | 345.5 | 3.99 | 4.06 | + 0.9 | —0.07 | 28 0,25 Deml)owskl 26
186443 | 3453 | 3449 | 418 [ 414 | + 04 | +0.04 | 11 | Senfi2; OX. 3; Da.4; Kn.2
1865.54 | 344.2 | 344.2 | 4.36 | 4.22 0.0 | +0.14 | 36,35 | Da. T—G; Kn. 3; Dem. 26
1866.36 | 344.1 | 343.7 4 34 [ 428 ) + 04 | +0.06 5 Senft 3; OX. 2
1867.80 | 343.2 1 342.8 | 430 | 440 | + 0.4 | —0.10 | 12 | Dembowski
186843 | 342.2 | 3424 | 447 | 445 | — 0.2 | +0.02 9 O. Struve 2; Main 7
1869.98 | 341.8 | 3416 | 443 [ 453 | + 0.2 | —0.10 | 17 | Dunér
1870.74 | 342.7 | 341.2 | 454 | 460 | + 0.5 | —0.06 | 14 | Dembowski 11; OX. 3
1871 4% 340.5 | 340.9 | 4.87 | 4.65 | — 0.4 | +0.22 8 Kn.3; Gled.3; W. &S. 2
1872.1 341.1 24006 1 459 | 4.68 | + 0.6 | —0.09 | 17T Dunér
l“&’[.!.()% 3104 | 3400 | 461 | 474} + 04 | —0.13 | 13 0x. 35 Dembowski 10
1873.43 | 340.3 | 3399 | 477 [ 476 | + 04 | 4+0.01 [ 13 | Gled. 2; OX.3; Ma.5; Lin, 3
1S74.64 | 340.4 | 3393 | 4.97 | 4.84 | + 1.1 | 4+0.13 5 Gledhill2; 0OX. 3
1875.18 | 3888 | 339.0 | 476 | 4.88 | — 0.2 | —0.12 | 18 | Dunér14; Gledhill 4
1875.36 :::39.4 389 [ 4.83 | 489 | + 05| —0.06 | 25 | Dembowski11; Sehiaparvelli 13
1876.34 | 8391 | 3385 | 5.02 | 4.95 | + 0.6 | +0.07 | 26 | Gled.13; 11.4; Sch.4; Dk. 5
1877.62 .', 38.0 | 337.9 1 491 | 5,00 | + 01 | —0.07 | 22 | Sehiaparelli I4; Dembowski 8
1878.37 | 337. 337.6 | 5.06 | 5.06 | — 0.5 0.00 | 3,5 | Goldney
1879.25 | 3379 | 337.2 | 5.08 [ 512 | + 0.7 | —0.04 | 13 | Sehiaparelli 10 Hall 3
1880.30 | 337.5 | 336.8 | 5.36 | 517 | + 0.7 | +0.19 2 Burnham
1881.44 | 336.2 | 336.3 | 5.28 | 5.22 | — 0.1 | +0.06 | 14,17 | Hall0-4; Bigourdan 14-13
188241 | 836.6 | 335.9 [ 523 ( 5.28 | + 0.1 | —0.05 | 10 | Schiaparelli
1883.28 | 335.6 | 5335.6 | 5.30 | 5.31 0.0 | —0.01 | 20,18 | En.7-5; Ifall0-5; Seh. 8
1884.38 | 3358 | 335.1 | 534 | .38 | + 0.7 | —0.04 17 Hall 5; Per.3; Sch.9
1885.35 | 334.1 | 334.8 | 532 | 540 | — 0.7 | —0.08 | 19 | Cop.1; H.C.W.2; Sch. 16
1886.36 | 834.9 ] 3344 | 545 | 5.45 | + 0.5 0.00 | 4,6 | Hall4; H.C.\WV.0-2
1887.38 | 334.5 | 334.0 | 5.50 | 5650 | + 0.5 0.00 | 11 | Schiaparelli7; Hall 4
1888.32 | 834.1 | 333.6 | 5.58 | .55 | + 0.5 | +0.03 0 Glas. 2; Hall5; Sch. 2
1889.40 | 333.4 | 333.3 | 5.56 | 5.60 | + 0.1 | —0.04 11 .mnlmm 3; Hall5; Sch.3
1890.43 | 332.8 | 3329 | 559 { 5.64 | — 0.1 | —0.05 3 Hall
1891.44 | 332.5 | 332.6 | 5,70 | 5.67 | — 0.1 | +0.03 3 See [Jones 2
1892.56 | 332.3 | 3322 | 5.64 | 5,71 | + 0.1 | —0.07 16 Seh. 65 Lv.2; Com.3; Big. 33
1893.44 | 332.2 | 3319 | 5.65 | 575 [ + 0.3 | —0.10 | 11,5 | Sch. 0, Com. 1; Big. 4
1894.33 | 331.1 | 331.6 | 571 | 5.79 | — 0.5 | —0.08 | 10,6 | Com. 2-0; S(lz 2-0; Big.6
1895.30 | 331.1 | 83313 | 5.84 | 583 | — 0.2 | +0.01 | 5,4 | See
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Orro STRUVE, and the peculiar and unique character of the system has fully
justified the care with which it has been measured. The only previous inves-
tigation® of the orbit is that made by Orro STrRUVE and Dubtaco in 1874
(Monthly Notices 1874-5, p. 367). O. STRUVE'S clements are as follows:

P = 25.71 years (v, W
T = 1869.92 7= 90°
e = 0.480 =R0925'S

a = 0".657

Some three years ago Bur~NmaAM placed at my disposal a list of measures
whieh was nearly complete; I have since added to it such as were omitted,
and besides made new observations during 1895. "When scrutinized under the
fine definition of the 26-inch Clark Refractor of the University of Virginia the
pair proved to be excessively close, and with a power of 1300 could only be
elongated. The objeet has now become single in all existing telescopes and
can not again be separated until about 1899.

The method followed in the present investigation of the orbit is not very
different from that employed by OTTo STRUVE, except that the results are based
upon the measures of all reliable observers and are rendered more complete by
the observations made since 1874. The list of measures is complete to the
occultation of 1896.

It will be seen from an examination of the observations that the motion
is to all appearances exactly in the plane of vision, and hence with the excep-
tion of the node and inclination, the elements are based wholly on the distances.
O. STrUvE’s elements are very good, and it would therefore be sufficient to
apply differential corrections to his values, but as I had independently discovered
a graphical method similar to that employed by him, it secemed of interest to
make use of it in deriving approximate values directly from the phenomena.
With the clements approximately determined, the observations furnished 52
equations of condition, which were solved for the five unknowns, the weights
assigned being proportional to the number of nights. An application of the
corrections resulting from the Least Square adjustment gave the following
values of the elements:

P = 25556 years Q=N

T = 1885.69 1 = 90°

e = 0461 A = 280°5

a = 0".6416 n = £14°.0867

*Monthly Notices, June, 1800,
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t 6o 6 Po Pc 6o—0. Po—Pc n Obsel‘vm‘:ﬁ
1863.35 | 10.2 | 119 | 0.53 | 0.52 | — L.7| +001 | 2 | Dawes1; O. Struve i
1864.42 12.8 119 | 0.48 0.51 |+ 0.4] —0.03 | 6-4 | Secchi 2-0; OX. 3; Dawes 1
1865.56 12.4 11.9 | 0.44 047 |+ 0.5]| —0.03 |13-8 | Secchi 2; Dem. 5-0; En. 6
1866.64 8.5 11.9 | 0.40 041 | — 34| —0.01 3 O. Struve
1867.62 13.9 11,9 | 0.36 0.33 |+ 2.0 +0.03 | 4-2 | O. Struve 2; Dembowski 2-0
1868.44 15. S 11,9 | 0.21 0.25 | + 39| —0.04 2 0. Struve
1869.37 | 152 | 11.9 | obl.? | — — — 5 Ley. 1; Dunér 3; O. Struve 1
1870.45 16. O 11.9 | obl. — — — 4 Dunér
1871.41 | 194.6 | 191.9 | obl. —- — — 3-0 | Dembowski
1872.47 | 200.0 | 191.9 { obl. — — — 3 0. Struve 1; Duner 2
1873.60 | 194.7 | 191.9 [ 0.20 | 0.23 {+ 2.8| —0.03 | 5-2 | Dembowski 3-0; O. Struve 2
1874.41 | 189.2 | 191.9 | 0.30 0.30 | — 2.7| £0.00 2 O. Struve [Du. 7-6
1875.42 | 191.3 | 1919 | 043 | 040 | — 0.6| +0.03 | 26-25 | Sea.1; Seh.10; Dem.5; OX. 3;
1876.40 | 190.4 | 191.9 | 0.50 047 | — 1.5| +0.03 16 | Sm.1; Dem. 4; Hall 4; OX. 3;
1877.43 | 190.9 | 1919 | 0.52 0.53 | — 1.0| —0.01 [17-13 | Sch. 9-5; Dem. 5; OX. 3 [Sch. 4
1878.40 | 191.4 | 191.9 | 0.58 0.58 | — 0.5| £0.00 [11-8 |Jed. 3-0; Hl. 4; Dem. 3; OX.1
1879.40 | 191.9 | 1919 | 0.61 0.61 | £ 0.0| £0.00 12 | B. 25 Hali 4; Sel. 5; 0‘ )}
1880.38 | 193.0 | 191.9 | 0.52 062 |+ 1.1| —0.10 S Hall 4; Jed. 4 []’ouy -0
1881.34 | 192.3 | 191.9 | 0.59 061 | — 0.4 —0.02 | 26-18 | Big.2; l)k.4—3; B.4; Sch.s; HI. 4:
1882.52 | 190.9 | 191.9 | 0.56 | 0.54 | — 1.0} +0.02 | 2218 | Sea. 4-0; HI. 4; Sch. 6; OZ. 1; En. 7
1883.46 | 192.3 | 191.9 | 0.52 0.43 |+ 0.4( +0.09 |19-18 | HL. 4; Seh. 8; Kii. 5~4; Per. 2
1884.40 | 192.7 | 1919 | 0.33 | 0,26 | + 0.8 +0.07 T Schiaparelli 4; Hall 3
1886.46 12 9 11.9 | 0.27 0.25 | + 1.0 +0.02 9 Hall 3; Schiaparelli 6
1887.43 33| 119|040 | 041 |+ 14| --0.01 | 13 Sehiaparelli 9; Hall 4
1888.33 ]1.5 11.9 | 047 1 049 | — 0.4 —0.02 | 76 | Sehiaparelli 3; 1all 3; OX. 1-0
1889.25 | 11.1 | 119 | 055 | 0.52 | — 0.8| +0.03 7 Leavenworth 1; Sch. 55 OX, 1
1890.38 99| 11.9 [ 0.60 | 0.51 | — 2.0} +0.09 16 | B. 4; Sehiaparelli 12
1891.44 | 11.0 | 11.9 | 0.50 | 0.45 [ — 0.9| +0.05 12 | Hall 3; Schiaparelli 9
189240 | 114 | 11.9 | 0.43 | 039 [ — 0.5| +0.04 | 16-13 | Lv. 2-1; Sch. 6; Bigourdan 8-6
1893.45 | 10.2{ 119 | 032 | 0.31 | — 1.7| +0.01 5 Sehiaparelli
1894.41 9.0 11.9 | 0.2: 0.22 | — 29| +0.01 8 Conw 3; Big. 1-0; Sch. 4-5
1895.29 13.9 119 | 0.14 0.14 | + 2.0| £0.00 3 Sce
03 269,
a = 13" 28m.3 ; § = +35° 46",
7.3, yellowish ; 7.7, yellowish,
Discovered by Otto Struve in 1844.
OBSERVATIONS,
¢ 6o Po n Observers 14 6o Po n Observers
o 14 o »
1844.31  218.0 0.38 1 0. Struve 1855647 223.6 0.27 1 O. Struve
1816.38  231.1  0.39 3 0. Struve 1861.26 2428 0.33 1 0. Struve
184730 2227 0.25 1 Midler 1865.50 45 oblonga 1 Dembowski
1847.41 2151 0.18 1 Midler
.26 semplice — 3 rski
181947 218.0? oblong 1 0. Struve N bl L AR
AT 2B C
1851.30 2224 020 1  Midler JS e 3T TP blongt M0 SEE
1851.39 2289 0.33 1 0. Struve 1877.26 oblonga in 180°? 1 Dembowski
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t Go Po n Observers t Go Po n Observers
1887.41 1458 0.6Y 4 Hall 189217 1375 0.98 3 Burnham
1887.46 1427 0.72 ) Schiaparelli 1892.64  140.0  0.95 3-2  Comstock
1888.44 1458 0.73 k Hall 1893.50 1384 0.81 2 Schiaparelli
1888.54 1429  0.76 5 Schiaparelli 1893.58 1389  0.89 1 Comstock
1889.48 140.5 ) 0.84 5-4 S(ﬁl)ia])a]'(’lli 189447 138.1 0.86 1 Sehiapal‘e]li

. . 1895.11 1326 1.35 3 Barnard
S90.42 37.¢ 0.8 Schiapa
159049, 1879 O.8L 4l | Schusgarelfi 189520 1345 111  4-5 Bamad
1891.48 1414  0.80 4 Schiaparelli 1895.28  136.4  1.06 3—4  See

1891.51 143.6  0.93 3 Maw 1895.52 137.4  0.90 2 Comstock

The observations of this remarkable system prior to 1840 gave evidenee of
a slow retrograde motion, and accordingly it reecived the attention of Orro
Struve, MADLER, Dawes, and subsequent observers. Up to this time the
radius vector has swept over 308° of position-angle, while the distance has
diminished from 1713 to 0".23 and again increased to about its former value.
The data furnished by observation do not suflice to fix the elements of the
orbit with great accuracy, but we believe that it is now possible to get a fair
approximation to the motion, and that the resulting elements will not be sensibly
mmproved for a great many years.

When the measures of this star are examined it is found that they are far
from satisfactory, and therefore we must not expeet an agreement such as
could be obtained for easier objects, where the components are wider or more
nearly equal in magnitude. Some of the recorded measures are so inconsistent
that the mean places must be formed with care, and even then the representa-
tion of the motion is not entirely satisfactory. The smaller distanees have been
under-measured, as is clear from the fact that a star of this difliculty could not
be seen with small telescopes (such as those used between 1860 and 1875),
unless separated by something like 0”.3. Under these cirenmstances it seemed
proper to increase the measured distances near periastron, in order that when
plotted on the diagram of the apparent ellipse they might not convey to the
reader an erroncous impression. In the table of compnted and observed places,
however, we have retained the original values, and it will be scen that the
differences are not at all considerable. Doserck is the only astronomer who
has previously computed an orbit for this pair; using mecasures up to 1380 he
found:

P = 119.9 years Q= 42°4
T = 1863.0 A =NDp "
e = 0.72 A = 245°0

a = 0”81
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a Centaur: was low in the southwest when the observation was made, it is also
possible that the remark may have arisen, as Mr. RoBerTs has observed, from
the position of the heavens at that instant rather than the position-angle of the
companion. In any case it follows from the orbit here deduced that the
position-angle was 24°.3, and the distance 10".07.

The third observation of a Centauri was made by IacaiLLr at the Cape
of Good Hope in 1752, While determining the positions of southern stars he
observed the components of a Centauri, and from the resulting du and 46 we
find the values of p and # given in the list of measures. The observations of
Lacamie were first printed in the Celum Australe Stelliferum, which was pnb-
lished at Paris-in 1763, and reprinted in 1847 by the British Association for
the Advancement of Science, under the auspices of a Committee composed of
Hersener, Hexperson and Bamny. LACAILLE’S observations appear to be as
good as could he expected from the instrnments and methods employed.

In 1761 o Centauri was observed on one night by MaskeLyxe while at
the island of St. Helena; by means of a rough divided-object-glass micrometer
he found a distance of 15".6.

The observations made early in the present century by Farrnows, Brissaxe,
Duxror, JoixsoN, TavrLor and IIENDERSON, rest on measures of da and Jo.
The observation of Farrows was made with a small and defective Altitude and
Azimnth Instroment, and is entirely erroncous. For a long time this measure
was very misleading to computers, as it indicated an cecentricity of about 0.96.
The rvesnlts of DBrissaxe, Duxror, JouxsoxN, Tavror and Iuxpursox are
likewise mmworthy of any high degree of confidence. The first obscrvations of
conspicnious worth are the micrometrical measures made by Sk Jonx Herscuer
at the Cape of Good Iope. The measnres of HEerscueL taken in conjunction
with others recently made expressly for the purpose have enabled us to de-
termine the orbit of a Centaur? with a degree of precision which appears extra-
ordinary when we consider the character of the observations. It will be found
on inspecting the list of measurcs that many of them are vitiated by sensible
errors of observation, which ave partly systematic and partly accidental. We
must remember, however, in judging of the valne of resnlts that a Centauri is
a very bright star, so that the images are unusnally large; and hence if the
telescope is not practically perfect, and the atmospheric conditions favorable,
we could hardly expect that the measures will be very accordant. It is also
to be remembered that the southern observers are not specialists in double-star
work, and henee we can not expect results such as could be obtained by the
skill of a BurNuam or a STrRUVE. Nevertheless, the measures of a Centauri






146 a CENTAURI.

accompanying table, which also contains the comparison resulting from the
clements found below.

CoMPARISON OF CoMPUTED WiITH OBSERVED P LACES.

t 60 00 ‘ Po Pe eo_oc Po—Pc iL Observers
) ) [ [ ) [

1690.00] — |258.94] — | 6.67| — — 1 | Richaud
1709.50, — 23.86/ — | 9.94] — — 1 | Feuillée
1752.2 1217.84/217.21|20.51118.36 +0.G3|+2.15 — | Lacaille
1822.0 (209.05{211.17128.75|22.06]|—2.12/+6.69| - | Fallows
1824.0 |214.88(212.21/22.45(21.28/4-2.67|+1.17| 35+ | Brisbane
1826.01|212.66|213.07,22.4521.26| —0.41}+1.19) -~ | Dunlop
1830.01|214.54/215.01.19.95(19.95/—0.47{£0.00| — | Johnson
1831.0 |215.49 215.77l22.5(3 19.28|—0.28{+3.28] - | Taylor
1832.16|215.87|216.47 19.8518.68 —0.(30'+1.17 — | Johnson and Taylor
1833.0 |216.98/217.0318.67|18.42/—0.05/+0.25| 7T+ | Henderson
1834.33216.87|217.92 17.83 17.68'-—1.05.-5-0.15 1 | Herschel
1834.45(218.32|217.99/17.5017.67 +0.33|-—O.17 2 | 1lerschel
1835.08|218.35|218.4717.33|17.63/ —0.12|— 0.30| 2-1 | Herschel
1835.89|219.14(219.07.17.02 17.0(3:+().07 —0.04/11-1 | Herschel
1836.61|219.82 219.67;16.76 16.43/+0.15+0.33] 1 | llerschel
1837.22|220.21/220.1816.39/16.17|+0.03(+0.22| 4 | Herschel
1840.0 [222.78/222.8914.74|14.42|—~0.11|4+0.32| — | Maclear
1846.21232.02|232.87/10.96| 9.70/—0.85+1.26| 3 | Jacob
1846.80233.93/234.33| 9.56| 9,18 —0.40'+O.38 4 | Jacob
1847.09 235.33|235.21] 9.33| 8.90/+0.12|+0.43| 2-3 | Jacob
1847.36/234.13|235.87| 9.31| 8.76/—1.74!4+0.55| 3 | Jacob
1848.00/237.57|237.80, 8.05 8.35 —0.23/—0.30(13-12| Jacob
1849.63 244.15(243.97| 6.23} 7.12|+0.18/—0.89{ - | Jacob
1849.95 244.98(245.48] 7.00] 6.83|—0.50/40.17] 4-3 | Maclear
1850.20 | 244.97(246.55) 6.92) 6.57|—1.58{4+0.35] 14 | Maclear

1850.38246.28/247.91| 6.82| 6.46|—1.53'+0.36] 8 | Jacob1; Maclear 7

1850.41|241.65 247.9(5I 7.78| 6.44 —6.31[-{-0.34 15 | Gilliss

1850.621248.62|249.22' 6.39| 6.32|—0.60,+0.07| 10 | Maclear 3 ; Jacob 7

1850.931250.7 |250.48! 5.95| 6.10 +0.22'_O.15 10-9 | Jacob 7-6; Maclear 3

1851.10/251.55 251.45: 5.98| 6.04/4+0,10,—0.06 21-19{ Jacob 8 ; Maclear 3; Jacob 10-8
1851.44(253.33/253.90, 5.95| 5.75|—0.57|+0.20] 8 [ Maclcar 5; Maclcar 3
1851.871256.14(256.55 5.53‘ 5.53|—0.41{20.00{ 11 | Jacob 8; Maclear 3

1851.95(258.18|257.19| 5.09 5'48|_0'99;‘“0'39 17-15| Jacob 9-8 ; Jacob 8-7
1852.33/260.58(259.95! 5.24] 5.28/+0.63 —0.04| 21 | Maclear 3; Jacob 7; Jacob 6; Maclear 5
1852.64262,78/262.40| 5.03| 5.01|+0.38 +0.02|20-15| Ja. 4 ; Mac. —; Mac. 7-9; Mac. 5-2 ; Mae. 4
1853.27/268.73268.18| 4.69 4.75 +0.55 —0.06(19-18} Ja, —; Mac. 4-6; Ja. —; Mac. 5; Mac. 6;
1853.75/272.32(272.61| 4.44] 4.50 —0.29 —0.06| 4-3 [ Powell —; Maclear 4-3 [Mann 2-1
1854.16(277.91|277.60( 4.33 4.36:-{-0.31 —0.08(17-6 | Jacob —; Po. 7T-0; Mac. 4; Ja. 2; Po. 4-0
1854.79(284.72|285.35| 4.19| 4.16 —0.63.+0.03 15-9 | Powell 3-0; Mac. 5; Mac. 5—4; Po. 2-0
1855.25/291.26/290.90| 4.29| 4.20/4-0.36,+0.0932-17| Po. 10-0; Mac. 3; Po. 5-0; 1’0.10; Mac. 4
1856.13|302.97|302.33| 3.94| 4.08|+0.64] —0.14{42-31| Po. 5; Po. 11-6; Mac. 7-6; Ja.18; Mae. 1
1856.51{309.84(307.72| 3.93] 4.10 +2.12i—0.17 10-9 | Jacob

1856.941312.11|312.80| 4.07| 4.16/—0.69,—0.09|31-19| Mann 4 ; G. Mac. 11-0; Mamn. 6; Ja. 10-9
1857.27{319.09(317.57| 4.24| 4.24 +1.52’:i:0.00 17-16| Jacob 15; Maclear 2--1

1857.86 326.18‘326.15 4.14| 4.42/40.03/—0.28| 14 | Jacob

1858.171330.22/328.09| 4.39| 4.50/+2.13|—0.11{ 5 [ Jacob

1859.33(340.6 (339.49| 5.12| 5.06/+1.11{40.06[23-20| Maclear 3; Powell 15-12; Mann 5
1859.521341.52 341.38| 4.92 5.15!-{-0,14 —0.23] 4 |Powell

1859.971345.8 |344.89( 5.00| 5.40/+0.91|—0.40| 3 | Mann

1860.27|347.78 346.70| 5.62 5. 6|4 1.08+0.06(26-15| G. Mac. 1 ; P0.17-13; Mac. 4-1; Mac. 3-0;
1861.07|352.09 351.96| 6.08 6.05/+0.13/+0.0313-12| Powell 10-9; Maclear 3 [Po. 1
1861.441353.38/354.15) 6.26] 6.25/—0.77(4-0.01|12-10 Powell 7; Powell 5-3
1862.41/359.47|358.15] 7.17} 7.10{+1.22{+0.07| 10 | Powell 7; Ellery —; Maclear 3

=10 O Ur b













a CENTAURI.

0,—9.

l 00 6. Po Pe Po—Pe n Observers
1888.63202.85/203.62(17.1217.14| —0.77|—0.02) 1 | Tebbutt
1889.45(204.43{204.22(17.91|17.81{+0.21(+0.10{ 3 | Pollock
1890.49(204.93(204.89{18.77|18.64| +0.04|+0.13| 9-7 | Tebbutt 2; Sellors 4-3; Sellors 3-2
1890.74|204.53(205.05/18.69(18.85) —0.42{ — 0.16; 1-3 | Tebbutt
1891.55|206.01{205.52/19.25|19.28|+0.49|{—0.03] 14 | Sel. 5-4; T. 4-2; Sel. 2; T. 3-6
1892.30{206.45/205.97119.52({19.73| +0.48|—0.18] 2 | Gill and Finlay
1892.43/205.471206.04{19.74/19.83| —0.57|—0.09|12-8 | Sellors 54 ; Tebbutt 74
1892.67 1205.87|206.18/19.84119.93| —0.31|—0.09| 9-6 | Tebbutt 8-5; Pickering 1
1893.25| 206.70]206.50) 20,06 20.21|4-0.20| —0.16/11-10| Douglass 1 ; Pickering 2-1; Sellors 8
1893.47|206.66 206.59/20.36|20.30|+0.07| +0.06 18-14| Tebbutt 6-4; Sellors 8; Tebbutt 4-2
1894.62]207.6 |207.21]20.65|20.81/+0.39{ —0.16 25-17| Sellors 6 ; Tebbutt 19-11
1895.55/207.8 [207.67]20.97|21.09{+0.13|—0.1216-10| Tebbutt

In dealing with this orbit it seems probable that the graphical method
will be superior to any process involving a least-square adjustment, because
of the undoubted existenee of sensible systematic errors in the observations.
An adjustment based on both angles and distances will eventually be desirable,
but before this definitive determination can be made with advantage, it will
be necessary to have an additional revolution. In the present state of the
observations it is wholly useless to apply corrections of a very minute ehar-
acter. Basing the work upon all the best observations we find the following

elements of a Centawri:

P = 81.1 years Q = 25°15

T = 1875.70 1 = T79°.30

e = 0.528 A = 52°.00

@ = 17070 n = +4°438954

Apparent orbit:

Length of major axis = 32".18
Length of minor axis = 6".16
Angle of major axis = 20525
Angle of periastron = 38°65
Distance of star from centre = 5”.90

If we adopt the parallax of GiLL and Enkix (0".75), we find that the major

semi-axis of the orbit is 23.6 astronomiecal units. It follows that the combined
mass of the components is 2.00 times the mass of the sun and earth.

Thus we see that the companion of a Centaurs moves in an orbit with a
But

owing to the eecentricity of the orbit the distance at periastron (11.2) only

major axis whieh is about a mean between those of Uranus and Neptune.

slightly surpasses that of Safurn from the sun, while at apastron it extends
eonsiderably beyond Neptune (36.0).

According to preliminary rescarches of SToxE in 1875, it was found that
the masses of the two eomponents are sensibly equal. Mz, A. W. RoBERTS has






























154 ¢ BOOTIS = X1888.

t 6, Po n Observers t 0; Po n Observers
1882.33  267.6 4:,73 1 Glasenapp 1887.43  256.0 3.54 3 1Tall
188242 2704  3.99 3 Hall 1887.50 257.0 3.31 12  Schiaparelli

95 o ~ : 118
188250 2714 386 7  Schiaparelli | jgg805 2502 351 1 Glasenapp
188343 2671 390 3  Hall 1888.42 2519 340 3  Hall
1883.47 2681 372 9  Schiaparelli 1888.54 2550 315 2 O. Struve
1883.50 2694 372 8  Jedrzejewicz | 188862 2539 351 2 Maw

Q M) DT1dnd ! .
i:ﬁ;":{ :’((;)‘%(1; it 8 ;"ab‘ bity 1889.31 2505 383 2  Glasenapp

EPEE gl TR Sibo 1889.48 2491 340 3  Hall
188442 2628 430 2 Glasenapp BISO:GE = wips B8 I
1884.45 266.6 3.65 6 Englemann 1890.41 246.2 3.15 3 Maw
1884.45 2661 3.71 2 Perrotin 189043 2463 3.21 3  Hall
188449 2663  3.58 9  Schiaparelli 1890.53 2444 347 2  Hayn
1884.50  266.2  3.56 1 . St

K N K b 1891.44 2410 3.26  5-4  See
1885.37 2643 344 3 Tarramt 189145 2424 318 3 .Hall
1885.37 261.4 3.68 3 Hall 1891.48 243.4 3.18 4 Maw
1885.44 2629  3.51 4  Perrotin 1892.32  240.0  3.08 3  Leavenworth
1885.44 262.1 3.55 ) deBall 189241 2394 3.11 3 Maw
1885.48  263.1  3.61 12 Schiaparelli 1892.49 238.3 291 3 Comstock
1885.55 2631 3.61 7 Iinglemann = _
1885.64 2636 563 4  Jedrzejewicz | 189347 2358 296 3 Maw
I 231 9 D)

1886.40 259.6 856 3  Terrotin IR IO IER RA0 Y & By
1886.43  239.3  3.59 3  Hall 189549 2264  2.88 3 Comstock
1886.51  260.2  3.49 7 Schiaparelli 1895.70 2238 2.57 4  See
1886.60 2594  3.32 6 Englemann 1895.73 2244 2.65 2 Moulton

The stars of this system are somewhat unequal in magnitude, and are
moreover distinguished by very striking colors. The principal star is yellow,
while the companion is reddish purple; and hence the appearance of the sys-
tem, so far as it depends on contrast in color and inequality of the components,
is very similar to those of T0 Ophiuchi and n Cassiopeae* The carly observa-
tions of ITurscHEL established the physical conmnection of the stars, and since
the time of STruvE the measures are both sufliciently numerous and sufficiently
exact to give the position of the companion with the desired precision. In
spite of the fact that since 1780 an are of only abont 170° has been described,
we are enabled by the favorable shape of this arc to make a very satisfactory
determination of the elements. The companion is now approaching periastron,
and in the course of a few years the motion will become very rapid. For the
next fifteen years this system will deserve special attention from observers, as
the part of the apparent ellipse swept over by the companion during this interval

* Astronomische Nachrichten, 3834.












156 \ £ BOOTIS =— 31888,

t 6, G- Po Pe 6o—06. Po—Pe n Observers
1841.39 | 323.1 | 3236 | 7.03 | 6.97T | — 0.5 [ +0.06 | T-124-| OX. 0-5; Da. 3; Mi. 4; Ka. —
1842.35 | 323.0 | 322.8 | 6.95 | 693 | + 0.2 [ +0.02 | 53 Dawes 2; Midler 3-1
1843.48 | 3228 | 3220 | 6.77 | 6.88 | + 0.8 | —0.11 [15-13x| M&. 7-5; Da. 1; Sehl. 7; Ka. —
1844.36 | 321.6 | 321.3 | 6.90 [ 6.83 | + 0.3 | +0.07 [ .3 Miidler
1845.38 | 320.6 | 3204 | 6.56 | 6.78 | + 0.2 | —0.22 - M. —; Hi. —; Mo. 28 obs.
1846.37 | 319.8 | 319.6 | 6.72 | 6.73 | + 0.2 | —0.01 | S8+ | Midler 5; Morton 20 obs.
1847.56 | 318.8 | 318.6 | 6.62 | 6.67 | + 0.2 | —0.05 | 11+ | Mi.6; Da.2; Mit. —; OX. 3
1848.39 | 318.0 | 317.9 | 6.67 | 6.62 | + 01 | +0.05 | 7-6 | Mudler 5-4; Dawes 2
1850.77 | 316.5 | 315.9 | 6.56 | 6.48 | + 0.6 | +0.08 1 Midler _
1851.30 | 316.7 | 3154 | 6.44 | 644 | + 1.3 0.00 10 Fletcher 5; Midler 5
1852.43 | 316.0 | 3144 | 6.37 | 6.37 | + 1.6 0.00 |18-16 £ | Miller 32 obs.; Mi. 15-13
1853.49 | 3139 | 8134 | 6.27 | 631 | + 0.5 | —0.04 | 11-10 | Mudler 8-7; OX. 3
1854.56 | 312.0 | 312,83 | 6.11 | 6.23 | — 0.3 | —0.12 | 16-15 | Dawes3; Midler5-4; Dem. 8
1855.40 | 311.1 | 311.6 | 6.03 | 618 | — 0.5 | —0.15 5 Midler 2; Secehi 3
1856.56 | 311.3 | 3104 | 6.12 | 6.09 | + 0.9 | +0.03 | 29-28 | Ma.4-3; Dem.8&; Winn.3; Lu.2;
1857.46 | 310.0 | 309.5 | 585 | 6.03 | + 0.5 | —0.18 8 M. 5; Da. 1; Dem.2 [See.12
1858.43 | 308.6 | 308.5 | 678 [ 5.96 | + 01 | —0.18 24 Dem, 5; Morton 12; Midler 7
1859.39 | 3094 | 307.5 | 557 | 590 | + 1.9 | —0.33 3 Midler
1861.45 | 305.7 | 305.2 | 570 | 5.74 | + 0.5 | —0.04 |18-17+| To. 35 0bs.; Ma.10-9; OX 5
1862.40 | 304.9 | 304.1 | 5,62 | 566 | + 0.8 | —0.04 13 Au.6; Mainl; OX. 4; Mi.2
1863.33 | 302.5 | 303.0 | 5.68 | 559 | — 0.5 | +0.09 [ 19+ | Dem.14; Leyton obs.— ; OX.5
1864.67 | 302.5 | 301.4 | 5.38 | 547 | + 1.1 | —0.09 Yy Englemann 1; Dembowski 16
1865.55 | 301.2 | 3003 | 5,51 | 541 | + 0.9 | +0.10 7 Englemann 3; Secchi 4
1866.52 | 299.0 | 299.1 | 5,57 | .33 | — 0.1 | +0.24 |21-20+| Ley.2-4; Ka. — ; En.2-1; Sr.3-2;
1867.36 | 297.5 | 2979 [ 5.54 | 525 | — 0.4 | +0.29 3 Wik. 1; Sr. 2 [Wlk.3-2; Dem.11
1868.40 | 294.7 | 296.5 | 5.53 | 517 | — 1.8 | +0.16 1 Main
1869.43 | 295.5 | 295.0 [ 523 | 5.08 | + 0.5 | +0.15 13 OX4; Dn.b5; Mi. 3; Ley. 1
1870.47 | 294.4 | 2935 | 5,01 | 4.98 | + 0.9 | +0.03 | 3+ | Madler; Leyton — ; Dunér 1
1871.55 | 292.4 | 2919 | 480 { 4.80 | + 0.5 | —0.09 15 Mi. 2; Du.4; Dem.9  [Dem. §
1873.48 | 286.4 | 288.7 | 4.74 | 4.7 — 23| +0.03 15 3. 4; Mal; Ley.l; Lin.1;
1874.36 | 286.5 | 287.1 | 4.84 | 463 | — 0.6 | +0.21 [11-10+| Gl.—; Mii.4; Ley.2-1; W.&S. 5
1875.45 | 285.4 | 285.1 | 451 | 4.53 | + 0.3 | —0.02 | 22+ | Ma.4; 02.1; Gl. —; No.—; Seh.5;
187645 | 283.4 | 283.3 | 4.38 | 445 | + 0.1 | —0.07 9 Dk.5; H1.3; 0.1 [Du.4; Dem.8
1877.52 | 281.4 | 281.2 | 439 | 4.34 | + 0.2 | +0.05 22 Dk.3; Jed.5; Sch.5; OX.1; Dem.§
1878.46 | 279.6 | 279.4 [ 4.24 | 426 | + 0.2 | —0.02 15 Go.4; HL.2; Dk.3; Seh.5; OX1
1879.52 | 276.7 | 2771 | 414 | 4.16 | — 04 | —0.02 11 Schiaparelli 6; Hall 5
1880.38 | 277.0 | 2753 | 415 | 4.09 | + 1.7 | +0.06 11 Tranz 5; Jed. 3; Sch. 3
1881.50 | 271.9 | 2728 { 398 | 4.00 [ — 0.9 | —0.02 9 1Tall 3; Sch. 3; Sea. 3
1882.46 | 270.9 | 2704 | 3.93 | 3.90 | + 0.5 | +0.03 10 Ilall 35 Selnaparelli 7
1883.50 | 268.1 | 268.1 | 3.85 | 3.82 0.0 | +0.03 22 HL3; Seh.9; Jed.3; Sea.d; Per.d
1884.47 1 266.3 | 265.2 | 3.65 | 3.72 [ + 1.1 | —0.09 18 En.6; Per. 2; Sch.9; 021
1883.47 | 2629 | 2626 | 3.58 | 364 | + 0.3 | —0.06 38 Tar.3; H1.3; Per.4; Sch.12; deBall 5;
1886.48 | 259.6 | 259.5 | 3.49 | 357 | + 0.1 | —0.08 19 | Per.3; H1.3;Sch.7; En.6 [En.7;Jed 4
1887.47 | 256.5 | 256.6 | 3.43 | 3.46 | — 0.1 | —0.03 15 Hall 3; Sehiaparelli 12
1888.46 | 253.0 | 2536 | 3.39 | 3.37 | — 0.6 | +0.02 8 Glas.1; HL.3; OX.2; Maw?2
1859.45 | 249.8 | 250.4 | 335 | 329 | — 0.6 | +0.06 | 8-6 | Glas.2-0; Hall3; Maw 3
1890.46 | 2456 | 247.0 [ 3.28 | 3.21 | — 1.4 | +0.07 8 Maw 3; Hall 3; Hayn 2
1891.46 | 242.3 | 2433 | 3.21 | 313 | — 1.0 | +0.08 | 12-11 | See 5-4; Hall 3; Maw 4
1892.41 | 239.2 | 239.5 | 3.03 | 3.04 | — 0.3 | —0.01 9 Lv. 3; Maw 3; Com. 3
1893.47 | 235.8 | 235.6 | 2.96 | 2.96 | + 0.2 0.00 3 Maw
1894.54 | 231.2 | 230.8 | 2.90 | 2.86 | + 0.4 | +0.04 3 Maw
1895.59 | 225.1 | 225.7 | 2.72 | 2.75 | — 0.6 | —0.03 7 Comstock 3; See 4

The table of computed and observed places shows that the set of elements
given above is extremely satisfactory, and we may confidently conclude that
the general nature of the orbit here obtained will never be materially changed.


















n CORONAE BOREALIS — X'1037.

CompAarisoN oF ComruTep witTH OBSERVED PLAcES.

t 0o | 6c | Po | Pe | O—0:|Po—pPc| m Observers

1781.69| 30.7| 27.4| —|1.08| +3.3| — 1 Herschel

1802.69179.7{174.8| — {0.63| +4.9 — 1 Herschel

1823.27| 25.9| 27.3'1.58/1.08] —1.4 |+0.50; 2-1 | Herschel and South

1826.77| 35.3| 37.9/1.071.09| —2.6|—0.02/ 4 | Struve

1829.55| 43.2) 47.00.96]1.01| —3.8 |—0.05| 2 | Struve

1831‘481 51.4| 54.5 10.95/0.92| —3.1[+0.03| 15-4 | Dawes 2-0; Herschel10-1; 3.3

1832.60| 56.9| 59. 5,0 74,0.86] —2.6 |—0.12| 13-5 | Herschel 9-2; Dawes1-0; 2.3

1833.33| 62.7| 63. 4‘0 72/0.82| —0.7 |—0.10{ 11-2 | Herschel 8-2; Dawes 3-0

1834.84| 69.1) 72.50.700.73 —3.4|—0.03| 1 Struve

1835.41| 75.7| 76. GIO 74/0.70, —0.9|+0.04] 5 Struve

1836.52| 88.8| 85.9,0.56/0.63| +2.9|—0.07| 6 | Struve

1839.70{125.9/122. 2|0 63/0.53| +3.7|+0.10f 4 |Dawes2; OX. 2

1840.57(136.0(133. 40. 510.53] +2.6 |—0.02] 7 0X. 5 Da.wes 2

1841.52(149.8/146. 0'0 .50,0.54] +3.8 | —0.04| 16-11 | Madler5; OX. D'Lwes 6-1
1842.18|157.81157.5/0.54/0.57f +0.3 |—0.03] 9 | Midle15; Dzmes 0% 2

1843.50(169.2 '169 20.58/0.60/ +1.01—0.02| 13 | Madler 6; Madler 7

1844.38(174.0176.4 0.57/0.64] —2.4 (—0.07| 3 Madler

1845.46(179.3 184 SIO 58/0.68| —5.5|—0.10 6 | O. Struve

1846.61/195. l|194 1,0.61/0.71} +1.6 | —0.10, 3 0. Struve

1847.42/201.0 200.0 0.63/0.71| +1.0 |—0.08| 24-21 | Hind 3-0; Madler 11; 0X.5; Muadler 5
1848.49/207.2 207.8 0.66/0.70| —0.6 |—0.04| 10 | Madler 3; Dawes 2; Dawes 1; Bond 2; OX.
111849.54|219.3 216.0,0.64/0.66| +3.3 |—0.02| 5-4 | Dawes 2-1; OZX.3

1850.59 "31 5225, 6,0.54/0.60] +5.9|—-0.06) 8 Y. 3; Fleteher 2; Midler 3
1851.53(237.81235.9/0.42(0.53] +1.9 —0.11} 22-19 | Msdler 3-2; Dawes 2; 0X.10; Midler 7-5
1852.60250.8/253. r'o 41[0.44| —2.7 [—0.03{ 21-19 | Dawes 2; OX. 6; Midler 13-11

1853.51|270. 3”7" ‘J 0.350.40} —2.6|—0.05 17 | Jacob2; Madler 5; 0X.5; Dawes4; Midler 1
1854.46(304.3296.5 0.39(0.38| +7.8 |+0.01| 14-13 | Jacob 3; Dawes 3; OX. 4; Midler 4-3
1855.56326.6,321.6/0.43/0.43| +5.0 | £0.00] 19-13 | See. .,—0 Winn. 10 6; Da. 1—3 ‘0X.4; Mi.2-0
1856.47|339.1!337.7 0.49.0.50| +1.4 |—0.01| 30-25 | Winn.9-6; Da.1-3; Ja g Winn. 84; %ec? 0x.3
1857.57(351.3(350.6 0.61{0.61{ +0.7 |+ 0.00| 18-16 | Miidler 2 O Dm\esf.’, Secchi 7; 0x. 4 Jacob 3
1858.54| 1.3|359.0,0.73(0.70| +2.3 |+0.03| 24-11 | Secchi 3-0; Dembowski10-0 ; 0.5 Madlel 6|
1859.52 5.2 5.60.74/0.79] —0.4 |—0.05| 15-11 | Miidler 4 ; Secchi 4— 0RO ' Dawes 3
1860.35 8.4 10.1/0.87(0.86] —1.7 [+0.01| 2 Daves

1861.58| 16.1{ 15.6 0.92/0.94| +0.5 [—0.02| 9 OX. 3; Midler 6

1862.61 ]9.6’ 19.7,0.87/1.00f —0.1 {—0.18} 19-16 | Winn. 3 0; Dembowski 11; Midler3; 0OX. 2
1863.53| 21.8) 22.90.951.04| —1.1|—0.09 19+ | Dem.13; 0.1‘.4; Leyton Obs. —; Secchi 2
1864.45| 26.3| 25.9 0.911.07) +0.4 |—0.16] 12 | Dembowski 10 ; Englemann 2

1865.40, 28.5 28. 9.1 A2/1.09) —0.4 (+0.03  2¢ En.5; 0X.3; Dem.9; Da.3; Sec.2; Ley. 1
1866.52, 32.5 ‘ '37 4‘ il 0] +0.1 {+0.13| 22-21 | Leyton Obs. 2; Dem. 9; See. 3; Hv. 4-3; OX. 4
1867.50 33.0| 85.3]1.101.10| —2.3 |£0.00{ 18-16 | Kn.3; Hv.3-2; 0X.2; Dem.7; Ley.1-0; Du.1;
11868.59, 37.5 3‘5 0 1.03/1.09| —1.1 |—0.06] 17 Dem. 7; OX.5; Dunér4; Yeirce 1 [Winn. 1
11869.57| 40.7| 41. 6 1.03{1.06| —0.9 |—0.03/ 10-9 | Dunér 9; Leyton Obs. 1-0

1870.45) 45.1] 44. G 1.07(1.04] +0.5 [+0.03| 25-22 | Dem.8; Pei4-1; GL.2; Ley.—; Kn.1; Du.7; 0.3
1871.51| 47.1| 48.3/1.06/1.00 —1.2 [+0.06| 25 Ley. —; Dem. 8; Dn.9; Kn.9; Sea.2; GI. 1
1872.47| 51.2| 52.0/11.00/0.96/ —0.8 |[+0.04| 29+ Ley. —; Dem.9; Fer.7; W.&S.1; Du.7; OX.5
1873.52) 55.9 06.4 1.01/0.90] —0.5 [+0.11| 22-20 | W. & S. 3; Dem. 8; Ley. —; GL5-3; OX.4; Du.2
1874.47| 60.5{ 61.0,0.89/0.85| —0.5 [+0.03( 19-17 | Ley. 2-1; GL 3; Dem.8; W.&S.2-1; 024
1875.44| 67.2| 66.2/0.82/0.79| +1.0 [+0.03| 23 | Dembowski 8; Schiaparelli 4; Dunér 11
1876.45| 71.9, 72.60.80/0.73| —0.7 |[+0.07{ 31-25 | Dk. 8-2; H1.4; Ley.1; Dem.9; Sch.5; OX. 4
1877.41| 77. "‘ 79.4/0.80/0.68) —2.2 {40.12) 30-22 | Cop.1 ; Dk.4-2; W.& 8. 6-0 ; Sch.5; Dem.9; P11
1878.55] 89. "‘ 89.7/0.64/0.61) —0.514+0.03| 26 | 8.1 Dk.3; Dem.8; Seh.9; OX.4; Pr.1 [0X.4
1879.53/100.5100.20.550.57| +0.31—-0.02] 11 Schiaparelli 7; Hall 4 -
1880.56|114.5112.5/0.54/0.54| +2.0 [£0.00| 23-20 | Big. 2-0; Dk.3-2; Sch.6; Jed.5; 8.5; Cop.2
1881.44(124.7/123. 9 0.51/0.53 +0.8 |—0.02} 11-9 | Doberck 2-0; Hall 4; Schiaparelli 4; OX.1
1882.49{140.7 134 8,0.54{0.53| +2.9 [+0.01| 23-20 | Doberck 3-2; Hall4; Sch.8; OX.2; En. 6-4
1883.55|151.8(150. 9,0 580.55) +0.9 [+0.03| 39-38 | Sch.10; H1.6; En.7; Per.7; OX.3; Jed.6-5 [Sea.3-0
1884.54163.5/162. 50.60/0.58] +1.0 |+0.02| 33-24 | Big.6-0 IIIS Ier6 %eh 6; p rl; OX3; En5;
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‘When the observations of 1782 were compared with those of 1802, the
physical character of the system was fairly indicated.* Since the time of
STRUVE it has been carefully followed by the best observers, and accordingly
the material now available for an orbit is highly satisfactory. The companion
is only slightly smaller than the principal star, and is thercfore never very
difficult to measure. In all parts of the orbit the pair is sufliciently wide to
be seen with a six-inch telescope, but as the minimum distance of 0749 in
angle 230° was passed in 1858, it is not surprising that the observers on either
side of this epoch, with few exceptions, have made their observed distances too
small.  Thus, although the measures of different observers are not infrequently
affected by systematic errors of sensible magnitude, yet by combining the best
measures into mean positions for each year, we obtain a set of places which
give an orbit that seems likely to be very near the truth.

Some of the elements hitherto published are as follows :

r T e a Q i A Authority Source
. [] o -]

14::649 1851.57 | 0.8529 | 1.320 94.7 | 494 87.1 |Midler, 1847 | I'ixt. Syst., I, 252
182.6 1866.0 0.491 1.165 [166.1 | 47.5 23.0 | Winagr.,1872
314.34 1860.88 | 0.5641 | 1,761 | 163.2 | 41.9 544 [ Hind, 1872 |M.N,,vol. XXXII,p.250
200.4 1865.2 0.51 — 172.0 | 45.0 20.1 | Wilson, 1872 | Handb. D.S,, p. 313

198.93 1865.5 0.4957 — 169.0 | 46.4 23.6 | Klinkerfues | Handb. D.S., p.313

290.07 1863.51 | 0.6174
280.29 1860.51 | 0.5974
266.0 1862.55 | 0.5668

00 [183.0 ( 444 | 17.7 |Doberck,1875| A.N., 2026
A7 [173.7] 399 | 20.0 |Doberck,1878| A.N., 2194
57 [166.7 | 35.2 | 40.9 | Pritchard, ¢ | Ox. Obs., No.1, p. 64

Pt s
S = Ot

-3

From an investigation of all the observations which appear to be reliable,
we find the following elements of u* Bootis:

P = 219.42 years Q = 163°8

T = 1865.30 i = 43°9

e = 0.537 A = 329°.75

a = 17.2679 n = —1°.6407
Apparent orbit:

Length of major axis =371656

Length of minor axis = 17480

Angle of major axis = 173°%

Angle of periastron = 186°.7
Distance of star from centre = 07.638

An examination of the computed and observed places, given in the follow-
ing table, seems to justify the conclusion that the eclements found above will

* Astronomische Nachrichten, 3309.


















170 0X298.

Apparent orbit:

Length of major axis = 17.546
Length of minor axis = 0".656
Angle of major axis = 186°.9
Angle of periastron = 15°.3

Distanee of star from centre = 0”7.427

ComrarisoN oF ComruTep witlt OBSERVED PLACES,

t 6. 6. Po Pe 6o—6: 1 Po—Pc n Observers
(-] o ” 14 o n

1845.50 | 180.5 | 180.5 | 1.25 | 1.07 | £ 0.0 | +0.18 2 0. Struve
1846.28 | 186.5 | 1816 | 1.41 | 1.09 |+ 4.9 +0.32 2 Midler
1847.32 | 189.6 | 1831 | 1.51 112 [+ 65| +0.39 | 2-1 | Madler
1848.57 | 184.9 | 1848 | 1.17 | 1.16 |+ 0.1| +0.01 2 0. Struve 1; Dawes 1
1851.75 | 191.8 { 1888 | 1.40 | 119 |+ 3.0| +0.21 2 Miidler
1856.58 | 193.1 [ 190.2 | 1.21 [ 1.20 |+ 29| +0.01 1 0. Struve
1857.68 | 1968 | 196.2 | 1.24 | 1.15 |+ 0.6| +0.09 1 0. Struve
1859.62 | 197.4 [ 198.9 | 113 | 111 | — 1.5] +0.02 1 0. Struve
1861.44 | 193.5 | 201.6 | 1.16 | 1,06 | — 8.1| +0.10 1 O. Struve
1865.53 | 210.2 | 209.1 | 1.0 090 |+ 11| +0.10 1 Dembowski
1866.29 | 207.0 | 210.8 | 0.8 0.87 | — 3.8| —0.07 1 Dembowski
1867.61 | 209.5 | 2142 | 0.99 | 0.80 | — 4.7| +0.19 il Dembowski
1868.52 | 2025 | 216.9 | 0.84 | 0.75 | —14.4| +0.09 1 0. Struve
1869.46 | 214.1 | 220.0 | 0.61 | 0.71 | — 5.9| —0.10 3 | Dunér
1870.26 | 2258 | 222.7 | — 0.67 | + 31 — 1 Dembowski
1871.63 | 226.6 | 229.6 | — 0.58 | — 3.0 -~ 1 Dembowski
1872.58 | 235.8 | 2353 | 0.58 | 0.53 | + 0.5 +0.05 ]! 0. Struve
1875.57 | 264.7 | 263.2 | 0.45 | 0.37 | + 1.5| +0.08 & 0. Struve 1; Dembowski 2
1876.47 | 280.8 | 275.9 | 0.3 0.34 |+ 4.9 —0.04 3 Dembowski
1877.53 | 295.9 | 292.8 | 0.3 033 |+ 31| —0.03 5 Dembowski
1878.33 | 310.8 | 306.4 | 0.27 | 0.33 |+ 4.4| —0.06 2 Burnham i
1879.47 | 3314 | 325.0 | 0.29 | 0.34 |+ 64| —0.05 8 Hall 4 ; Sehiaparelli 4
1881.41 | 355.4 | 352.1 | 0.35 | 0.36 |+ 3.3| —0.01 3 Hall
1882.47 7.5 66| 033 [0.34 |+ 09| —0.01 4 Sehiaparelli
1883.57 224 26.7 | 0.31 | 0.28 | — 4.3| +0.03 6 Sehiaparelli
188447 | 531 | 537 | 031 | 022 |— 0.6 +0.09 7 Perrotin 2; Schiaparelli 5
1885.65 | 60.9 | 1024 | 0.27 | 0.22 | —41.5| +0.05 | 7-4 | Englemann
1886.68 | 133.7 | 130.6 | 0.29 | 0.29 [+ 3.1 £0.00 2 Schiaparelli
1887.53 | 142.5 | 1441 | 0.36 | 0.38 | — 1.6| —0.02 9 Hall 3; Sehiaparelli 6
1888.56 | 153.4 | 153.6 | 0.53 | 048 | — 0.2, +0.05 | 5-6 | O. Struve 0-1; Schiaparelli 5
1889.52 | 1581 | 159.1 | 0.55 | 0.56 | — 1.0| —0.01 3 Schiaparelli
1891.49 | 167.4 | 167.8 | 0.65 | 0.74 | — 04| —0.09 4 Hall 3; Schiaparelli 1
1892.49 | 169.4 | 170.8 | 0.78 | 0.81 | — 0.6 | —0.03 7 Collins 1; Bigourdan 2 ; Com. 4
1893.62 [ 172.5 | 1734 | 0.78 | 0.88 | — 0.9 —0.10 2 Bigourdan 1; Comstoek 1
1895.55 | 173.7 | 177.3 | 0.84 | 0.99 | — 3.6| —0,15 4 Comstoek 3 ; Sehiaparelli 1
1895.74 | 1783 ! 177.6 | 1.00 | 1.00 | + 0.7 | £0.00 3 See 2 ; Moulton 1

The table of computed and observed places shows that these elements are
extremely satisfuctory. Future observations are not likely to vary the period
given above by more than one year, while an error of +0.02 in the eccentric-
ity is highly improbable. In spite of the accuracy of the present clements some
improvement will ultimately be desirable, and hence astronomers should con-
tinue to give this interesting system regular attention. The star will be casy
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This bright star has heen observed with considerable regularity sinee the
time of STrUVE, and mueh material is now available for the investigation of
its orbit. DBut while the measures are numerous, the considerable southern
declination of the object renders them rather difficult, especially for European
observers, and hence there is reason to suppose that the results are not free from
systematic errors. In the investigation of the orbit we have adopted the usual
method, depending on both angles and distances, and, as in case of { Cancri,
have neglected the influence of the third star. This procedure has been
adopted by Dr. Sciorr in his Dissertation on the motion of this system, and
is fully justified by the rough and somewhat unsatisfactory state of the meas-
ures, which will not yet permit any very fine determination of the elements.
Several computers have previously worked on the motion of this system; the
following list of orbits is believed to be fairly complete:

r T ] a [9] i 2 Authority Source

TS, " 3 ° o
105,522 | 1832.611 —  11.287 4.75(70.22 — | Miidler, 1846
49.048 | 1860.59 — [ 1749 |112.7 | 70.02 | 78.57 | Thiele, 1859 | A.N.,1199
95.90 |[1859.62 | 0.0768 | 1.26 12.25| 68.7 89.27 | Doberek, 1877 | AN, 2121
105.195 | 1862.32 | 0.122 | 1.3093 | 10.45| 67.64 | 102.63 | Schorr 1889 | Dissertation, Munieh

We find the following elements:
P = 104.0 years Q = 9°5

T = 1864.60 SR=T0RE

e = 0.131 A= 111°6

a = 17,8612 n = +3°4616

Apparent orhit:

Length of major axis = 2".696
Length of minor axis = 0”.884
Angle of major axis = 9°.6
Angle of periastron = 150°.2

Distanee of star from centre = 07,085

The table of computed and observed places shows a very satisfactory
agreement, and we may conclnde that no very considerable alteration is likely
to be made in these elements. But the orbit is so nearly circular and so highly
inclined that the definition of A is not very exact, and in case of this element
a larger alteration may be found necessary, when the material shall be sufli-
cient for a definitive determination. 3

The small cccentricity of this orbit is rather remarkable. Among known
binaries there are very few whieh have such circular orbits, 8 Kquuler, = 2173
and p Herculis being the principal objeets of this kind, and as most of these
orbits are highly inclined, there is still some unecertainty attaching to the eccen-
tricity. It will be necessary to have more exact observations of these stars in
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t

1867.30
1867.31
1867.34
1867.37
1867.72

1868.29
1868.58
1868.60
1868.61
1868.88

1869.57
1869.63

1870.56
1870.97

1871.41
1871.42
1871.54
1871.61

1872.29
1872.57
1872.96

1873.42
1873.55
1873.56
1873.68
1873.54
1873.54
1873.57

1874.44
1874.16
1874.61
1874.90

1875.42
1875.46
1875.50
1875.54
1875.65

1876.29
1876.45
1876.48
1876.61
1876.61

1877.03
1877.33

6o
190.2
195.0
194.7
192.1
195.5

193.8
194.7
194.7
195.6
195.3

195.2
195.1

196.6
196.8

197.9
196.7
195.4
196.5

198.0
195.3
198.1

1984
200.6
197.6
198.9
197.3
201.6
199.6

200.5
199.2
199.8
199.1

199.8
198.6
200.6
199.6
200.6

199.3
200.0
200.6
196.3
200.7

201.0
199.6

Po
3.15
2.95
3.0
3.0
2.79

3.62
2.98

3.60
3.05

3.18
3.10

3.23
3.30
3.23
3.14

3.34
3.26
3.20

3.14
3.64
3.14
34

3.55
2.67
3.41
3.28

2.56
3.34
3.47
3.28
3.74

3.50
3.28
3.34
3.45

3.40
3.58
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el | x| &~ =

w

11

Observers

Searle
Winlock
Knott
Main
Dunér

Leyton Obs.

0. Struve
Dunér
Zolluer
Dembowski

Leyton Obs.

Dunér

Dunér
Dembowski

C. 8. Peiree

Leyton Obs.

Kunott
Dunér

Leyton Obs.

0. Strave
Dembowski

W. & S.

Leyton Obs.

0. Strove
Gledhill
Muller
H. Bruns
H. Struve

Main

Leyton Obs.

0. Struve
Dembowski

Leyton Obs.

Schiaparelli
W. & S.
Dunér
Nobile

Doberck
Hall
Gledhill
0. Struve

Leyton Obs.

Dembowski
Doberck

t

1877.46
1877.49
1877.53
1877.58

1878.39
1878.50
1878.51
1878.53
1878.57

1879.45
1879.54

1880.39
1880.55

1881.05
1881.46
1881.70

1882.43
1882.51
1882.62
1882.65
1882.71

1883.26
1883.47
1883.49
1883.56
1883.63

1884.48
1884.53
1884.53
1884.54

1885.43
1885.43
1885.54
1885.55
1885.66
1885.74

1886.47
1886.48
1886.49

1887.44
1887.53

1888.44
1888.57
1888.62

o CORONAE BOREALIS — X 2032.
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202.6
203.8
204.1
204.9
205.7

205.4
204.5
203.2
204.6
206.0

206.0
205.8
202.4
205.4

205.4
205.7
204.9
205.8
206.8
207.3

205.6
206.9
208.0

205.5

207.1

206.6
207.4
207.8

Po

3.68
3.49
3.61
3.50

3.51
3.51
3.39
3.53
3.52

3.66
3.68

3.61
3.1
3.94

3.64
356

3.76
3.79
3.90

3.92

3.77
3.77
3.79
3.74
3.99

3.80
3.86
3.63
3.76

3.88
3.89
3.94
3.86
3.93
4.09

3.99
3.96
4.01

3.99
3.78

3.92
3.92
3.82
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Observers

W. &S,
Sehiaparelli
Jedrzejewiez
0. Struve

Burnham
Dembowski
Doberek
Sehiaparelli
O. Struve

Hall
Sehiaparelli

Burunham
Sehiaparelli

Hough
Hall
Seabroke

Hall
Schiaparelli
0. Struve
Seabroke
Jedrzejewiez

Euglemanu
Hall
Perrotin
Schiaparelli
Jedrzejewicz

Hall
Perrotin

0. Struve
Schiaparelli

deBall

Hall
Perrotin
Schiaparelli
Jedrzejewicz
Englemann

Perrotin
Hall
Tarrant
Hall

Schiaparelli

Hall
Schiaparelli
Maw
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Apparent orbit:

Length of major axis = 7".08
Length of minor axis =M il
Angle of major axis = 42°4
Angle of periastron = 66°.9
Distance of star from centre = 1”.735

There is of course some uncertainty attaching to a period of sueh great
length, but careful consideration of all possible variations of the apparent ellipse
convinces me that the value given above is not likely to be varied by more
than 25 years, and a change of twiee this amount is apparently impossible.
The eccentricity is very well determined, and a change of +0.04 in the above
valiie is not to be expeeted.

The distance of the components of o Coronae Borealis is now so great
that the companion will move very slowly for the next two centuries. There-
fore, so far as the orbit is concerned observations of .the pair will be of sall
value, as very little improvement ean be effected for a great many years; but
it may still be worth while to seeure careful measures of the system, with a
view of establishing the regularity of the elliptical motion, and the abscenee of
scnsible disturbing influenees.  There are no irreguolarities in the measures here-
tofore secured which are not attributable to errors of observation. The table
of computed and observed places shows an agreement which is extremely satis-

factory.
ComrarisoN oF Comrurep witit OBSERVED PI’LAcEs.
¢ l 00 6", Po Pc oo_oc Po—Pc L Observers
| o | o 7 [ ) [
1781.79 347.5348.5) — | 2.44|— 1.0 —_ 1 Hersehel
1804.74 11.4. 239 — | 2.08/—125 — | 1 | Herschel
1819.62( 48.0{ 59.1] — | 1.b7}—111] — = Struve
1821.30| 65.2| 65.2] — | 1.50 0.0 —- - Hersehel
1822.83| 71.5| 71.0! 1.44| 1.45|4+ 0.5{—0.01| 2-1 | Hersehel and South
182347 72.9| 73.3] — | 1.43|— 0.4 — = Herschel
1825.44| 77.5| 81.6| 1.48| 1.36|— 4.1|+0.12| 6-: South
1827.02| 89.3| 88.6| 1.31| 1.33|+ 0.7(—0.02] 4 Struve
1828.50| 92.1| 95.3] — | 1.31|— 3.2f — 6 Herschel
1830.20(105.0{103.8] 1.22| 1.30|+ 1.2)—0.08/ 12-8 | Struve 3; Herschel 9-5
1831.36 1108.8{109.1| 1.38| 1.30|]— 0.3[40.08] 3-2 | Herschel
1832.54 I114.5 111.7}) 1.07] 1.30]+ 2.8—0.23] 9-1 Hersehel 6-1; Dawes 3-0
1833.31 [12().3 118.7} 1.30} 1.31|+ 1.6 —0.01| 7-6 | Herschel J—.,, Dawes 4
1834.55(125.6/124.3) — | 1.34|+ 1.3: 3 | Dawes
1835.50(130.5/128.5] 1.31] 1.36{+ 2. 0‘ 0 05 5 Struve
1836.59(134.7]133.5 1.43' 1.40,+ 1.2'+0 03 6 Struve
1837.51|138.3{137.0[ 1.42/ 1.43/+ 1.3|—0.01] 6-5 | Dawes 1-0; Struve 5
1838.45(143.4/140.7| 1.48 1.47|+ 2.7/40.01] 7 | Struve
1839.521146.0/144.5 1.57] 1.51(+ 1.5/+0.06] 2+ Galle —; Dawes 1
1840.63{147.4{148.3| 1.58] 1.56/— 0.9/+0.02 8 Dawes 3; OX. 4 Struve 1
1841.55/151.3{151.5 ].(i()' 1.61j— 0.2(—0.01| 12+ | Dawes 3; Kaiser — ; Midler 7; 02\ 1
1842.47(155.7)1154.1| 1.83] 1.66|+ 1.6/40.17| 9-8 | Miidler 4; Dawes 1-0; Miidler 4



































































200 p! HERCULIS BC = A.C.T.

In July, 1856, ALvax Crarx discovered that the Dbluish companion of
pHerculis — X 2220 is a close double star; he estimated the magnitudes of
the component to be 10 and 11. The objeet was first measured by Dawes
who predicted the binary character of the system; by repeating his observa-
tions in 1859 and 1864, he was able to announce a decided orbital motion. The
object has since received econsiderable attention from the best observers, and
the material now available for an orbit is sufficient to define the elements in a
very satisfactory manner. Owing to the faintness and difficulty of the pair,
the measures must be carefully combined in order to get a satisfactory set of
mean places; the distances of some observers are notably too small, and hence
they are omitted in forming the yearly means. Most of the early observations
of DAawEs seem to be affected by sensible errors, and hence we give his work
in full.

t 6o Po

1857.472  58.97  1.853

1857.562 60.08 [l =

1859.650 58.91 2.304 distance indifferent
1859.691 59.51 1.422 observation very poor
1859.757 62.02 2.040 diffieult in distance

1864.431 77.59 1.806 undoubtedly binary

While measuring the wide pair in 1857, he observed that “the stars B and
C certainly point rather to the north of p.” Ile gives the angle of u Herculis
relative to BC as 242°.2; and hence we gather that the angle of the pair BC
must have been at least 63°.0. Sinee the allineation of the two faint stars with
p Herculis would probably be more exact than even micrometer settings, it
seems certain that most of DAwEs’ measured angles are too small; we have
therefore chosen certain nights only in making up the means, and have selected
the distances with some regard to the subsequent motion of the star. This
selection of DAwrs’ material is necessary in order to represent satisfactorily
the whole series of observations by an orbit based on both angles and distaneces.
The following list gives the clements published by previous computers:

/& T ' e | a | (9] l { A l Authority Source
o

+5085 187713 | 0.3023 |1.46 | 57.95 | 60.72 | 156.35 [Doberck, 1879: A.N., 2287
+15.30 | 1880.142 | 0.2130 | 1.369 |62.11 | 67.01 | 181.97 [Leuschner, 1889 Pub. A.S.1%, p. 46
+48.65 | 1839.585 | 0.14853 | 1.2807 | 63.38 | 65.18 | 182.05 [Celoria, ~ 1890 A.N., 2949

42.09 | 1880.43 | 0.16922 | 1.356 | 62.65 | 63.82 | 183.87 [Hall, 1894! A.J., No. 324



















204 r OPHIIUCH] — X2262.

t G, Po n Observers t 6o Po n Observers
1885.48 258‘?1 1.79 3 Tarrant 1890.57 254.6 1.78 1 Hayn
-4 ox1 0 ~
Iigpsy 90 LD ) el 1892.65 2552 175 4  Schiaparelli
1885.58  256.0 2.01 5  Jedrzejewicz 2 e : P
1892.58 254.6 1.78 4 Comstock
1886.22 2548 1.98 7 Englemann 1893.50 92541  1.81 3 Maw
=4 ()(, 0 L3 . o <
po i L (S R U 1893.70 2547 1.83 1 Bigourdan
1886.62  256.2 1.85 6 Jedrzejewicz
5 25 8 2 Flase
1887.09 2520 172 4  Schiaparelli 12317’? 531”; izz . glﬁ:;‘;‘;{l’
o RO z : .
IgBT SERAte 2 BT ST S B 139478 2532 191 1 Bigotrdan
13558 28 = L NCTOREE O R .| 189556 2561 178 3 Schiaparelli
1888.61 254.4 1.71 4 SC]llapal'elh 1895.58 255.4 1.98 2 COllinS
188871 2552 180 3 )[a\v 1895.59 253'4 1.94 5 SRl veezechild
1889.57  255.6  2.23 2 Glasenapp 1895.72 2547 1.86 4 See
1889.68 253.56 1.69 1 Schiaparelli 1895.72 257.8 1.90f 2 Moulton

Since the diseovery of this double star in 1783, the radins vector of the
companion has swept over an are of* 285°. But while the length of the are
would ordinarily be suflicient to fix the eharacter of thc'orbit, it happens un-
fortunately in this casc that the observations are neither very comsistent nor
very well distributed over the arc; and since by far the greater number of
observed positions lie in the sixty degrees deseribed since 1836, a satisfactory
determination of the eclements is embarrassed by difliculties of a somewhat
formidable eharacter. But when we examine IIErscner’s angle of ¥783 in the
light of his remarks, there seems to be every reason to regard it as fairly
correct. In his notes on the observation of 7 Ophiuchi, he says: “The closest
of all my double stars ean only be suspeeted with 460, but 932 confirms it to
be a double star. It is wedge-formed with 460; with 932 one-half of the small
star, if not three-quarters, scems to be behind the large star. The morning is
so fine that I can hardly doubt the reality; but according to custom, I shall
put it down as a phenomenon that may be a deception.” If we depend on the
approximate accuracy of HErscneL’s earliest measure, and deduce the areal
velocity from the most reeent observations, where both angles and distances
can be relied upon, we are led to an orbit which will not differ greatly from
the truth. The following orbits  have been published by previous investigators:

1 gy e l a l o] i 2 | Authority Souree
o

F [ 7 o k o 1/
| S%‘:.Oli(i 1840.07 |0.03746 | 0.8178} 55 &5 | 51 47I 145 40 | Midler, 1847 | I'ixt. Syst., I, 255
120.0 1824.8 0.575 —— 130 0 |48 30 [ 146 6| Hind, 1849 | M.N,, IX, p. 145
185.2 1820.63 {0.5818 {1.111 69 31 |53 5| 2835 | Doberck, 1877 | A.N., 2037
217.87 | 1818.50 |0.6055 |1.193 67 1146 8| 3626| Doberck, 1877 | AN, 2041













206 r OPNIUCHI — X2262,

t 6. 0. Po Pe 6o—0: Po—pPe n Observers
1871.66 [251.0(248.0 | 1.31 | 1.59 | +3.0 | —0.28 | 2 | Dunér
1872.30 [248.0 [ 248.3 | 1.62 | 1.60 | —0.3 | +0.02 | 9 | Dembowski 8§; 0OX.1
1873.54 |248.9248.8 | 2.12 | 1.62 | +0.1 | +0.50 | 1 | Leyton Observers.
1874.44 |1250.1|249.1 | 1.57 | 1.63 | +1.0 | —0.06 | 10 | Dembowski §; Leyton 1; 0X.1
1875.61 |248.9249.6 | 1.61 | 1.65 | —0.7 | —0.04 | 8 | Schiaparelli (2351
1876.54 | 249.6 ( 250.0 | 1.75 | 1.67 | —04 | +0.08 |17-19| Dem.10; Sch. 3; St.1 ; H1. 3; Wdo.1;
1877.61 {249.4 (2504 | 1.69 | 1.68 | —1.0 | +0.01 | 19 | Hall4; Cincinnati 8; Schiaparelli 7
1878.27 |250.4 | 250.6 | 1.71 { 1.69 | —0.2 | +0.02 | 8-10| Dembowski 8; Doberck 2
1879.49 |249.4 2511 | 1.72 | 1.71 | —1.7 | +0.01 [33-32| B.2; Cincinnati 26-25; Sch.5
1880.51 (251.1( 2515 1.78 | 1.72 | —0.4 | +0.06 | 14 | Cin. 3; Sch. 6; Hall 2; Jed. 3
1881.67 |252.0(251.91.69 | 1.74 | +01 | —0.05 | 5 | Hall 3; Smith 2
1882.56 [252.11252.2| 188 | 1.75 | —0.1 | +0.13 ;14-13| H.C.W.3; H1.3; Sch.7; 03.1-0
1883.53 |252.8|252.6 | 1.84 | 1.76 | +0.2 | +0.08 {17-28] En.9; Per.3; H.C.W.2-1; Sea.1; HL.5;
1884.60 [252.7(252.9 | 1.83 | 1.77 | —0.2 | +0.06 | 10 | H.C.W.1; HL3; Sch.6 [Sch.G; Jed. 3
1885.55 [253.5(253.2 ) 1.81 { 1.78 | +0.3 | +0.03 {13-16| Tar. 3; Hall4; deBall 4; Jed. 5
1886.46 | 254.4|253.6 | 1.83 | 1.80 | +0.8 | +0.03 [11-17| Englemann 7; Hall 4; Jed. 6
1887.33 |252.3 2539 | 1.77 | 1.81 | —1.6 | —0.04 | 8 | Schiaparelli 4; Hall 4
1888.64 |254.21254.3 | 1.75 [ 1.82 | —0.1 | —0.07 | 8 | Hall 5; Maw 3
1889.57 |255.6|254.6 ) 213 | 1.83 | +1.0 | +0.30 | 2-1 | Glasenapp
1890.57 [ 2546|2549 1,78 [ 1.84 | —0.3 | —0.06 | 1 | Hayn
1891.48 |257.6(255.2 | 2.+ | 1.85 24 14015+ 1 | See
1892.58 | 254.6|255.5| 1.8 { 1.85 ! —0.9 | —0.07 | 4 | Comstock
1893.50 | 2541|2558 1.81 | 1.86 | —1.7 [ —0.05 | 3 | Maw
1894.68 [254.5|256.2 | 1.76 | 1.87 | —1.7 [ —0.11 5 | Glasenapp 2; Comstock 3
1895.72 {256.2|256.56 | 1.86 | 1.88 | —0.3 | —0.02 | 64 | See 4; Moulton 2-0

The following is an ephemeris for the next five years:

t 6. Pe t 0c Pe
° v ° )
1896.50 256.7 1.88 1899.50 257.6 1.90
1897.50 257.0 1.89 1900.50 257.9 1.91
1898.50 257.3 1.90

It will be evident from what has been said that this orbit is still open to
some uncertainty, but a material improvement in the elements will not be
possible for many years. Since the companion is at present nearing the apas-
tron of the apparent ellipse, the motion will continue to be very slow; yet the
pair will still be worthy of oceasional attention from observers. While the
- period found above is perhaps uncertain to the extent of 15 years, it does not
seem probable that the cccentricity ean be in error by more than +0.05. Ac-
cordingly there is no probability that even the lapse of ages will radically
change these clements of 7 Ophiuchs.
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t 8o Po n Observers t Bo Po n Observers
188349  45.6 228 4  Perrotin 180042 3385 240 2 Glasenapp
1883.58 400 2.36 8 Seagrave 1890.49 338.3 2.42 8 Giacomelli
1883.62 43.7  2.21 15 Schiaparelli 1890.56 335.8 2.13 7 Hall -
1883.64 422 222 6  Jedrzejewicz 1890.61  336.5 2.01 3 Maw
1883.68 45.2  2.51 3 Kiistner 1890.61 336.6 216 . 1 Wellimann
1883.68 44.0 2.30 3 Seabroke 1890.70 334.8 2.02 6 Schur
1883.72 43.6 2.25 6 Englemann 1890.70 334.9 2.22 16  Bigourdan

. 1890.73 3361 2.15 9 Schiaparelli
1884.41 37.6  2.30 1 Wilson
1884.53 359 218 1 Pritchett 1891.54 328.3 211 4 Maw
1884.56 345 2.0 6 Perrotin 1891.56 3275 2.23 6 Hall
1884.59  37.6  2.16 7 Hall 1891.58 8291 2.16 6  Schur
1884.62 353 207 8 Schiaparelli 1891.59 326.0 2.33 ¢ nonie
1884.69 35.2 3.20 5 Englemann 1891.60 328.5 2.15 G Schiaparelli
1884.70 34.8 45 3-1  Seabroke 1891.63 3272 2.37 2 See
1885.50 26.0 2.08 4 Perrotin 1891.65 326.7 2.21 9 Bigourdan
188555 251 197 42 Sea. &8 | 459937 3209 228 4 Bumbam
R G 189241 3205 236 1 Collins
1885.64 243 2.07 8 Englemann 1892.49 3217  92.26 3 Maw
1885.65 26.5 2.07 2 Schiaparelli 1892.57 3821.3 219 4 Gbtntodk
1885.71 234 219 5 Jedrzejewicz 1892.62 3819.3 2.25 5 Bigourdan
1886.56 15.3 1.97 7 Perrotin 1892.65 320.3 2.22 17 Sc]napm‘clh
1886.66 13.7  2.01 7 Jedl:zc]ewm'z 189347 3138 2.22 3 Manw
1886.66 141 1.81 14  Sehiaparelli 1893.58 8134 2.41 3 Pucker
806 150 201 42 Swn | 180062 86 220 4 Sour
893.62 2.5 k b jomstoc
1887.55 3859.0 - 1 Smith 1893.69 309.2 2.22 1 I C. Wilson
1887.61 3.6 1.92 6 - Hall 1893.70 3123 2.21 11 Schiaparelli
1887.63 43 187 18  Schiaparelli
1887.81 35 191 4  Tamant iggi-t’jg fgg-i g‘;g 2 ﬁb"“
&5 307. . aw
1888.41 3527 2.07 3 Comstock 1894.59 304.6 2.38 12-11 Knorre
1888.55 354.5 217 4 Maw 1894.60 3063 2.26 4 Schur
1888.57 3534 2.02 6 Hall 1894.75 302.5 2.30 4 Comstock
1888.62 33554 2.00 3 Giacomelli 1894.77 301.3 245 5-6  Callandrean
1888.64 3551 1.88 10-9  Schiaparelli 1894.77  303.2 2.21 6 Schiaparelli
1888.65 3524 214 1 Leavenworth 1894.79 3025  2.33 5 Bigourdan
1888.66 354.7 2.66 3 Copeland
1888.85 3531 1.92 6  Tarrant 1895.32  298.6  2.22 3 See
1895.50 298.2  2.53 2 Glasenayp
1889.30 348.7 2.16 2 Burnham 1895.51 3016 2.31 5 Schur
1889.48 3449 1.60 2 Hodges 1895.55 298.7 2.14 9 Schiaparelli
1889.50 345.7 218 5H Comstock 1895.58 296.9 2.26 4 Maw
1889.67 344.5 2.10 6 Hall 1895.60 297.0 2.35 4 Schwarzschild
1889.64 346.4 1.96 53 Maw 1895.62 2950 2.24 5 Hough
1889.70 3449 1.99 17-16 Schiaparelli 1895.7 296.0 2.01 5 Sce
1889.77 343.6 1.84 4 Schur 1895.72 2963 2.01 3-1  Moulton
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placed at my disposal by Prorgssors IHoucu and CoMSTOCK, in conjunction
with the independent measures made at Madison by Mr. MourLTox and myself
(4. J. 359) confirmed the correctness of the Virginia measures, and left no
Before
considering the physical canse of this unexpected phenomenon, I desire to
remark that, in the preparation of this paper, my friend Mr. Eric DooriTrLE,
C. E.,, has rendered valnable assistanee.

doubt of the rapid deviation of the companion from Scuur’s orbit.

He has carried ont the ealenla-
tions entrusted to him not only with care and aceunracy, but also with zeal and
enthusiasm, and has, therefore, contributed in no small degree to the ecarly
completion of this investigation.

Since Sirk WirLiam IHErscHEL’s discovery of this beantifnl system the
companion has described considerably more than one revolution. More orbits
have been computed for this binary than for any other in the northern sky,
but, in spite of the immense labor which astronomers have bestowed upon this
star, the motion has proved to be so refractory and so anomalons that the
companion has departed from every orbit heretofore obtained. It follows from
the phenomena disclosed in this paper that the system contains a dark body,
and that no satisfactory orbit can be obtained until this disturbing cause is
taken into account. The following list of the orbits found by previous inves-
tigators will be of interest to astronomers; in most cases the data have been
taken from original sources, but in a few instances we have relied npon the
table of elements given by GORre in his unseful “Catalogue of Binary Stars
for which Orbits have been Computed.”

pr T e a Q i A Authority Source
73862 [1806.88 [0.130 4.3284147.2 |46.42(283.1 Encke, 1829| B.dJ., 1832
79.091 |1814.155 (0.34737(5.554 [128.1564.2 [259.4 |Encke, 1830| B.J., 1832, p. 295
80.34 (1807.06 (0.4667 |4.392 |137.0348.1 |145.77|Herschel, 1833|Mem. R.A.S., vol. V, p. 217
80.61 [1806.746 (0.477154.3159(133.8 42.87(287.23 Madler, 1835| A.N., 289
92.869 (1812.73 (0.4438 |5.316 (126.9 [64.86/279.8 |Midler, 1842[A.N.,444; Dorp.Obs.,IX,185
7.52 [1807.60 |0.482 [4.675 [128.55/51.5 [293.3 |Jacob
88.48 (1807.48 [0.4973 | — [122.2347.33{294.1 |Hind, 1849| M.N,, IX, p. 145
92.338 |1810.671 |0.4445 14.966 |127.35/61.05212.97 | Villarceau, 1851| C.R., XXX1I, p. 51
98.146 [1806.92 [0.546 |4.48 [111.7 |49.93[187.5 Powell,  1855| M.N., XV, p. 42
93.10 |1808.12 04894 | — 1124.5355.27(159.53 Jacob, 1857 A.N., 1082
95.966 {1808.27 10.4935 [4.731 |123.13/57.35/160.53 Klinkerf., 1858| A.N.,1135
94.37 [1808.79 [0.491494.704 1125.4 (567.9 |155.7 [Schur, 1868| A.N.,,1682
92.77 [1807.9  |0.3859 |4.88 1122.0 |62.0 [163.0 |Flammarion 1874 C.R., LXXXIX, p. 1248
94.93 [1809.64 |0.47286/4.770 (127.37/60.0 [149.72 Tisserand, 1876| Flam. Cat. Et. Doub., p. 166
94.44 11808.90 (0.4672 |4.790 1127.38.58.08/151.92 Pritchard, 1878} Oxf. Obs., 1, p. 63
87.84 [1807.65 [0.4912 |4.50 [120.0858.47/171.75 Gore, 1888| M.N., XL.VIII, No.5
88.04 [1895.28 (0.4994 |4.45 |[120.8 [67.0 [174.92 Mann, 1890| Sid. Mes., Nov., 1890
88.3954 1808.0707|0.4751 {4.60 [121.31/60.08[168.3 |Schur, 1893| A.N.,3220-21 [1893
87.75 [1895.6 (0.50 (4.5 [123.5 |58.3 [190.8 |Burnham 1893] Astron.and Astroph., June,
87.70 {1895.58 [0.500 [4.548 |125.7 [568.42]|198.25 See 1895| A.J., 363
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1779, the stars were exactly in the parallel, the following star being the
largest;” and, as it does not seem that any sensible error could affeet the
angle which he has thus recorded, we see from the measures in 1872-3 that
the resulting period would be approximately 92 years. This is an additional
indieation that the period of this star is not constant. A careful examination
of the other early measures shows that the first really good position is that of
STrUVE in 1825. These measures are so uniform and consistent, and appear
in every way so worthy of entire confidence, that I quote the record from the
Mensurae Micrometricae in full:

t 0, Po t 6. Po
182542 1501 3.89 1825.61  149.3  4.05
1825.43  147.0 405 4,6 1825.62  146.8  3.92
182544 1491  3.94 1825.63  147.3  3.85
182548 1488  4.05 1825.63 1484  3.99
182550 1464  4.21 1825.64  147.0  4.01
1825.60 1481  3.90 1825.66 1485 401 4,6
1825.60 1495  3.85 1825.71 1488  4.02

Mean 1825.56 148.2 3.98 142 Struve

An examination of these separate measures clearly indicates that the error
in the mean result does not surpass 0°.5 in angle, and 0”1 in distance. By
Scuur’s orbit the angle is corrected two degrees, and when the radius vector
is thus thrown forward to 146°.2 the computed and observed distances are
nearly identiecal. As STRUVE took special pains to secure good measures on a
large number of nights, and obtained the foregoing beautiful and consistent
results, we may regard his mean position as one of the highest precision. The
probable error of such measures would evidently be very small.

(3) We see from the diagram illustrating the apparent ellipse that
Scuur’s orbit falls within the positions given by the measures prior to 1845;
so that nearly all the observations of Struve, BesseL, Dawes, MAbLEr, ete.,
require a sensible negative correction in distance. In figure I3 the differences
po — p. of the individual measures used by Scnur are plotted to secale, and a
glance at the figure will show the improbability of such classic observers as
StrUVE, Besser and DAwes making the constant errors here indicated. It
would be still more remarkable if the observers between 1845 and 1870 have
as uniformly erred in the opposite direction. IIow has it happened that from
1825 to 1845 the distances were steadily over-measured by the best observers,
while during the next period the distances were constantly under-measured?
Individual observers have what may be called a personal equation (though this
is far from constant and is difficult to determine with any certainty) but it
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motion of the companion relative to the central star, Scnur’s ellipse is drawn
inside of most of the observations of this period. The falling of the measured
distances beyond ScHUR’S orbit shows plainly the periodic motion of the visible
star in accordance with the above theory. From this sketch of the effects of
the disturbing body it is evident that, at the time Scnur completed his orbit,
the visible star and the unseen body were nearly in line with the central star.
And since the visible companion in 1825, according to STrRUVE, had an angle
of 148°.2, whereas Scuur makes it 146°.2, or, substantially the same as the
centre of gravity at that epoch, it follows that our hypothesis, making Scnur’s
orbit represent the motion of the centre of gravity, is indeed very nearly cor-
rect. Any slight correction that may be required for the periastron of Scuur’s
ellipse in order to make it represent the true path of the centre of gravity,
had better be deferred until additional observations disclose more clearly the
nature and extent of the perturbations.

(6) 'We may fix the approximate clements of the visible companion about
the centre of gravity as follows: From 1818 to 1890, or 72 years, is the time
required for two revolutions, as explained in the preceding paragraph, and
hence we see that the period vs approximately thirty-siz years. 'The motion is
retrograde, and from the diagram of the apparent orbit, we may conclnde that
the distance of the visible star from the common centre of gravity is about
0”.3. It is natural to suppose that the plane of the orbit is not greatly inclined
to that found by Scnur, but existing data will not fix all the elements with
the desired precision. Perhaps until the path of the centre of gravity is known
with great accuracy, the simple hypothesis of a cirenlar orbit, with node and
inclination identical with the similar elements of the visible pair, will he sufli-
cient to explain phenomena, and it follows that both angles and distances are
comparatively well represented by this hypothesis.

It is found, however, on more detailed examination that the representation
can be somewhat improved by the adoption of the following elements:

P! = 36 years Q= 151°.0
7" = 1822.0 ! = 60°1
el = 0475 A= 191°7
a' = 0".30 n' = 10°.0

‘While this orbit gives a good representation of the motion of the bright
body about the common centre of gravity, the data are so rough that the
determination of such delicate elements must be regarded as provisional only.

In the following table we have compared Scuur’s eclements with the mean
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t ‘ 0, | P, 10,—6, Pe—Py|0,—0,| P—P,| db" n Observers
o [ ] r ) [ o

1845.48:120.{)'6.64 —0.3/—0.03[—0.86|—0.03|—0.101| 30 [Hind 9; O. Struve 5; Midler 16
1846.46119.3/6.76| —0.7|+0.06| —1.63/40.07{—0.190, 18+ [Jacob 1; Hind 7; Dur. Obs.—; Midler 10
1847.47'119.1 6.85—0.3|1+0.14]—0.96(+0.16|—0.112| 13+4|0. Struve 4; Dur. Obs, —; Mitehell 1; Mi. 8
1848.38/118.4/6.81]—0.3 +0.09/—0.96/4+0.13|—0.112| 9 [Dawes 3; Midler 4; Bond 2
1849.39|1 18.1/6.64/+0.3|—0.09]—0.31| —0.03/—0.036] 5 |O. Struve
1850.55/116.4/6.78| —0.5/+0.07|—1.01{+0.13/—0.118] 18 |Rad. 8; W. & J. 2; Miidler 4; Fletcher 4
1851.543115.5 6.57|—0.5{—0.13|—1.04| —0.04/ —0.121| 24 |Midler 4; -Fletcher 8; O. Struve 5; Miidler 7
1852.69|114.9’6.56 —0.2|—0.11|—0.63| 0.00/—0.073] 37 [Fletcher 6; O. Struve 5; Miidler 113 Jacob 15
1853.57/114.9/6.42|+ 0.6/ —0,22{+0.12| —0.11|+0.014/21-12|Powell 9-0; Dem. 6; Dawes 6 [Po. 3-0
1854.48 113.2(6.37| — 0.3]—0.22| —0.71|— 0.11|—0.081[57—54[Ja. 21; Ja. 2; OZ. 8; Dem, 12; Mi. 10; Da. 3;
1855.52113.3/6.45| +0.6|—0.09/+0.35/+0.04{+ 0.039/20-13|Lu. 2; Sr. 3; Winn. 1; Mi. 5; Da. 2; Po. 7-0
1856.43111.7(6.34]+0.1|—0.14] — 0.41} 0.00[—0.046| 32 |[OZ. 5; Ja. 7; M. 3; Winn. 8; Sec. 3; Dem. 6
1857.52'111.0/6.31|+0.2{—0.10{ — 0.04|+0.05]—0.005| 20 |Ja. 3; Winn.1; See. 4; Da. 2; Dem. 4; Mi. 2;
1858.39[109.1 6.01/—0.9/—0.32[—1.07|— 0.16/—0.116| 18 |[Ja. 3; Mo. 2; Dem. 4; Mi. 9 [O=. 4
1859.66/108.4 6.24)—0.4/70.02[—0.454+0.18/ —0.048| 20 |O=. 5; Dawes 4; Auwers 5; Powell 5; Mi. 1
1860.70/107.3/6.33|— 0.4/t 0.21| —0.20(4+0.40| —0.030| 8+ [Secchi 3; Luther —; Auwers 5 ;
1861.67[106.2/5.70/ — 0.5 —0.31|—0.50(—0.14{—0.052| 17 |Rad. 1; Midler 7; Auwers 6; Powell 3
1862.59105.6!5.83| —0.2(—0.07|—0.02{+0.09| —0.002| 19 |[O. Struve 3; Winnecke 1; Dem. 9; Midler 6
1863.54/104.8'5.62| 0.0,—0.17[+0.19 +0.01{+0.019| 29 [Adh. 11; Sec. 2; Dem. 9; Ta. 1; Fer. 1; HL 5
1864.54(104.1|5.43/4+0.5{—0.23{4+0.84|— 0.06|1+0.082| 13 |Englemann 2; Dembowskl 11
1865.50 102.4|5.32 0.0{—0.20|+0.22 —0'03l+0‘021 43 |En. 8; Seechi 4; Dem. 9; Ta. 2; Kalser 20
1866.43/101.215.31| 0.0/—0.07(+0.48 +0.11‘+0.044 25 [Denw. 8; OZ. 5; Ta. b; Hv. 4; Secehi 3
1867.50| 99.6!5.18)—0.2|—0.03|+0.43{+0.14/ +0.038 14—-13|Rad. 1; Kn, 2; Ta. 1-0; Dem. 7; IIv. 3
1868.65| 98.6/4.90(+0 5/—0.13/+1.26(+ 0.05/+0.101| 22 |Dem. 7; Kn.2; Rad. 2; Du. 4; OZ. 2; Brw. 5
1869.80| 96.74.64/10.4/—0.19/4+1.32|—0.03 +0.109] 11 [Dunér3; Dembowski 8
1870.51| 94.2/4.52|—1.0/—0.18| —0.40|—0.08/ —0.032] 12 |Gleanlll 2; Dem. 8; Ta. 2; [GL 3; Du. 1
1871.56) 93.4(4.34/4+0.1|—0.16|+1.27 —0.03[-1-0.099 22 |W.& S.2; Rad. 2; Pei. 2; Dem, 8; Ta. 1; Kn. 3;
1872.51| 91.6/4.20/+0.2|—0.13!+1.41|—0.01{+0.105| 23 |Brw.2; Fer.3; Rad.2; Dem. 9; W.&S. 3; 0=.4
1873.56 88.1!4 01/—0.1—0.09/+0.43| 0.00,+0.031] 14 |GlL 1; Dem.8; W.& S, 1; Ta. 1; Rad. 3
1874.61| 87.73.81/+1.1{—0.09 +2.71| +0.01{+0.183| 17 |Rad. 4; Dem, 8; Ta. 1; OZ. 3; Gledhill 1
1875.61 84.21,3.59 +0.1 —().10|+1.74 —0.04|4+0.113| 21 [Dem. 9; Sch. 8; Rad. 4 [Jed. 4; Wdo. 1
1876.57| 80.7/3.48|—0.6 0.00|+1.53 +0.07|4+0.093| 31 [Sh.5; Dk.2; Dem. 7; PL 3; Sch. 6; Iall 3;
1877.60| 77.4/3.23|—0.5|—0.05 +1.83|+0.02|+0.104| 50 |Dem. 8; Dk. 2; HI. 4; Jed. 105 Pl. 8; Sch. 10;
1878.58 74'3.3'05 +0.1 —0.01l+2.49 +0.03|+0.134|" 18 |Dem. 7; Sea. 3; Dk. 4; Gold, 4 [Cin. 43 Sh. 4
1879.57 69.5.2.95 —0.4/40.09 +2.28/+0.12(+0.115| 47 |[Cin. 18; Sch, 10; IIL 5; Cin, 5; Sea. 4; Jed. §
1880.59 64.0’2.64 —0.9/—0.01{4+1.98/—0.01{+0.093| 33 |Dk.3; Fr. 6; 111. 6; Sch. 10; Jed. 6; Sea. 2
1881.56| 60.3/2.55|+1.0|4+0.08 +3.91l+0.06 +0.172| 11 |Doberck 2; Hall 5; Big. 2; Sea. 2 [En. 4
1882.60! 52.52.48/4+0.2|+0.20 +3.35/+0.16 +0.137| 30 [H.C.W.1; Dk. 2; HL 7; Sch. 9; Jed. 4; Sea. 3;
1883.62 44.0}2.31 —0.3 +0.18:+2.42 +0.11|+0.094| 45 [Perd; Seag. 8; Sch.15; Jed.6; Kii.3; Sea.3; En.§
1884.56' 36.02.17|+0.3{+0.16/+2.01]+0.07 +0.07731-29(H.C.W.1; Pr.1; Per.6; HL7; Seh.8; En.5; Sea.3-1
1885.61] 25.9/2.06|+0.1|+0.13|+0.72|40.02{+0.026,30-28|V’er. 4; Sca. 4-2; L. 7; En. 8; Sch. 2; Jed. 5
1886.61 14.3,1.93 —0.9/40.04/ —0.89|—0.07[—0.031 [46-44|H]1. 7; Per. T; Jed.7; Sch. 14; En. 7; Sm. 4-2
1887.6S 3.851.91 —0.1/40.01|—1.03|—0.09| —0.036/29-28|Sm. 1-0; HI. 6; Sch. 18; Tar. 4 [Cop. 3; Tar.6
1888.62‘353.9‘2.11 —0.4/+0.15/—2.10,+0.07(—0.075/36—-35|Com. 3; Maw 4; I1l. 6; Glac.3; Seh. 10-9; Lv.1;
1889.53 345.9/2.08|4+0.6/4+0.06| —2.26| —0.01]| —0.082|37-346-2; IT0d.2-0; Com.5; I11.6; Maw 5; Sch.17-16
1890.57(336.7(2.21[40.6{4+ 0.08| — 2.38|+0.04/ — 0.090| 46 |Glas.2; Giac. 8; J11. T; Maw 8 ; Well. 1; Big. 16;
1891.59/327.4/2.23| —0.6] 0.00|—3.58/—0.02|—0.141| 33 [Maw4; }16; Knr.6; Seh.6; See2; Big.9 [Seh. 9
1892.52/320.8/2.26| — 0.4| —0.04| —3.52| —0.05|— 0.142| 34 |8. 4; Col. 1; Maw 35 Com. 4; Big. 5; Sel. 17
1893.621312.9 2.25(—0.8[—~0.15/—2.30{—0.10[— 0.094[19-20 Maw 3; Cowm. 5; H.C.W. 0-1; Sch. 11
1894.69,304.2/2.30{ —2.7| — 0.14| — 4.80| — 0.03| — 0.195|30-29[Maw 3 ; Kur. 12-11; Com. 4; Sch. 6; Big. 5
1895.32;298.6 2.22(—4.31—0.21]—6.98| —0.09] —0.280] 3 [See
1895.64/296.1|2.14|—4.8|— 0.28| —5.62| —0.12| —0.221|20-18Maw 4; Com, 3; Ifo. 5; See 5; Moulton 3-1

The values of P2 and 7 are taken froin Scuur’s orbit, because the values
of these elements derived from so many observations may be regarded as very
nearly the mean of all the periods and epochs which result from the observa-
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x, ¥, then if a and B denote the differences of these coordinates, the observa-
tions will furnish a series of equations of the form:

— Y — a0
oG = y B =u'—u
— 0 - STy,

Uy = Ty — %y B= v —y,
— ol -

Uy = Iy — Xy Bs = u'— s
- — i

@ = Iy — X, Bi = v/ —u,
—_ ! = ol

Uy = &y — Xy By = y' — s

@, = mnl_;rn Bn | ynl_ yn

Five points, each determined by two such equations, are theoretically
sufficient to fix the elements of the orbit of the visible star about the common
centre of gravity; a larger number of equations, when combined in an advan-
tageons manner, so as to render the errors of observation a minimum, will
make the determination more exact, and define the elements with the desired
preeision. In the case of 70 Ophiuchi, Scnur’s orbit is to all appearanees a good
first approximation to the path of the eentre of gravity, but it does not scem
worth while to enter upon the more refined analysis here indicated until
additional measnres of the visible companion have econfirmed the aeeuracy of
this hypothesis. Apart from these theoretical diflieulties, the sensible perturba-
tions of the central star upon the motion of its attendant system will give
rise to obstacles which are seareely less formidable.

(9) While we have spoken of the dark body as attending the com-
panion, it is elear that similar phenomena would result from the action of a
body revolving round the ecentral star. In this case, however, the considerable
distance which would result from a period of 36 years might render the
stability of the system somewhat precarious, especially if the orbit be eccentric
like that of the visible eompanion. And as there is every reason to suppose
that the system is the outgrowth of nebular eondensation, and is, therefore,
adjusted to conditions of stability and permanence, it is more natural to regard
the companion as the binary. In this case the small mass might give rise to
a period of 36 years even if the pair be very close. The separation of the
new system is not likely to be less than 0”.4, and it may be more than twice
that distance. If we adopt the parallax of 07162 found by Krurcer it will
follow that the major semi-axis of the orbit of the visible ecompanion is 28.07
astronomical units, and the combined mass is 2.83 that of the sun; and henee
we conclude that the orbit of the visible companion about the common ecentre
of gravity has a major semi-axis of 1.84 astronomical units. Therefore, while
the bright companion describes an eceentriec orbit with a major axis whieh is
slightly less than that of Neptune, the action of the dark body causes it to
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t 0o Po n Observers t Bo Po n Observers
1880.53 31.6  0.90 2-1  Burnham 1891.56 2920 0.72 2-3 Burnham
1881.43 294 0.51 1 Burnham 1892.40 299.2 0.70 3 Burnham
1883.60 7219 " 130 1 0. Struve &

1894.74 305.7 0.88 it stoc
188370 824 1.04 1 O, Struve ‘ £ S g
1888.54 CirahE 1.05 1 0. Struve 1895.47 309.5 1.04 6 Barnard
_ 1895.50 308.0 0.95 2 See
1889.50 281.2 0.65 1 Burnham 1895.73 315.2 1.12 3 . See
189045 2851 0.59 3-2  Burnham 1895.73 3134 1.00 2-1  Moulton

This difficult double star was discovered by CrLARK while testing the
telescope he had just made for DAwEs, at the latter’s private observatory.*
The physical connection of the pair was suspected, and during the same year
two sets of good measures were obtained by Dawrs. Orro STRUVE began to
give his attention to the pair the following year, and continued his measures
from time to time until 1888. His first observations are very satisfactory, and
of the highest value in fixing the elements of the orbit; but the later measures
are less trustworthy, owing to the great inequality and closeness of the compo-
nents. The series of measures begun by BurnNmam in 1878, and continued
until the close of his work in California, is of great importance, and in
conjunetion with STRUVE’s observations and those recently made by the writer
at Madison, enables us to fix the elements with a relatively high degree of
precision.

In order to obtain a good orbit from snech measunres, the means mmnst be
formed in a judicious manner, regard being had to the known motion of the
companion. After careful study of all the observations, we have formed a
suitable sct of mean places, and deduced the corresponding elements. The
orbits previously found for this system are:

GoRE, 1890 Ser, 1805
M.N., Nov. 1803 unpublished
P = b53.55 years 567.5 years
T == 1885.58 1887.30
e = 0.7928 0.806
a = 1"12 17.163
Q = 50°1 ! G0
v = 38°6 35°.5
A = 110°.73 90°.0

* Astronomical Journal, 266,
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An investigation of all the observations has led to the following ele-
ments of y Coronae Australis:

P = 152.7 years Q = 72°3
T = 1876.80 i = 34°0
e = 0.420 A = 180°.2
a = 2".453 n = —2°3575
Apparent orbit:

' Length of major axis = 4".906
Length of minor axis = 3".661
Angle of major axis =Np2END
Angle of periastron = 252°.1
Distance of star from centre = 1”.033

CompaRrIsoN oF CoMPUTED WITH OBSERVED I’LAcus.

t 6. 0. Po Pe fo—@c | Po—pPc n Observers
-] ] L4 L4 -] ¥
1834.47 371 371 | 3£ | 280 £0.0 | +0.20 1 Herschel
1837.42 B2} 3271 2,66 | 266 | £0.0 | £0.00 4 Herschel
1847.32 141 14.6 | 2.30 | 2.20 | —0.5 | +0.10 1 Jacob
1850.51 5.9 591 229 | 203 | 0.0 | +0.26 4 Jacob
1851.48 44 44| 226 | 200 | +£0.0 | +0.26 6 Jacob
1852.27 3.4 231 1.89 | 1.96 | +1.1 | —0.07 3 Jacob
1853.61 | 358.8 | 358.2 | 1.91 | 1.90 | +0.6 | +0.01 6% | Jacob; Powell 4-1
1854.52 | 355.9 | 355.5 | 1.71 | 1.86 | +0.4 | —0.15 | 6-3 | Jacob 3; Powell 3-0
1856.44 | 349.5 | 349.3 | 1.67 | 1.78 | +0.2 | —0.11 | 11-10 | Jacob 8-7; Jacob 3
185743 | 347.3 | 3455 | 1.61 | 1.73 | +1.8 | —0.12 8 Jacob 5; Jacob 3
1858.20 | 343.4 | 3426 | 1.53 | 1.70 | +0.8 | —0.17 3 Jacob
1859.72 | 388.1 { 336.8 | 1.5+ | 1.64 | +1.3 | —0.14 | 4-2 | Powell
1861.69 | 3288 | 328.5 | 1.5+ | 1.58 | +0.3 | —0.08 | 4-1 | Powell
1862.27 | 325.3 | 325.8 | 1.5+ | 1.66 | —0.5 | —0.06 | 5-1 | Powell
1863.84 | 318.1 | 319.0 — 1.52 | —0.9 —_ 4 Powell
1870.19 | 286.1 | 287.0 — 1.44 | —0.9 — 2 Powell
1871.22 | 281.9 | 281.3 | — 1.43 | +0.6 — 1 Powell
1875.65 | 257.4 | 2581 | 1.45 | 143 | —0.7 | +0.02 4 Schiaparelli
1876.64 | 253.1 | 253.0 | 1.67 | 1.43 | +0.1 | +0.24 = Stone
1877.53 | 247.5 | 247.9 | 1.47 | 142 | —0.4 | +0.05 | 9-7 [ Schiaparelli 5; Stone 4-3
1878.49 | 2426 | 243.0 | 1.36 [ 143 | —0.4 | —0.07 2 Stone
1880.57 { 232.7 | 232.0 | 1.24 | 1.43 | +0.7 [ —0.19 Z Russell 1; Hargrave 1
1881.72 | 225.5 | 2261 | 142 | 143 | —0.6 | —0.01 | 3-2 | H.C. Wilson
1883.62 | 217.7 | 216.3 | 1.66 | 143 | +1.4 | +0.23 | 4-1 | H.C. Wilson
1886.64 | 201.9 | 200.6 | 1.44 | 1.44 | +1.3 | £0.00 i Pollock 6; Russell 1
1887.71 | 196.4 | 195.2 | 142 | 146 | +1.2 | —0.04 | 8-5 | Pollock 4; Tebbutt 4-1
1888.66 | 188.6 | 190.6 | 1.46 | 1.47T | —2.0 | —0.01 | 7-3 | Tebbutt 6-3; Leavenworth 1
1889.62 | 1854 | 186.1 | 1.70 | 1.49 | —0.7 | +0.21 | 8-3 | Burnham 4-3; Tebbutt 4-0
1890.62 | 181.6 | 181.6 | 1.61 | 1.51 { £0.0 | +0.10 [ 104 | Tebbutt 4; Sellors 6-0
1891.53 | 176.9 | 177.0 | 1.68 | 1.54 | —0.1 | +0.14 8 Burnham
1892.64 | 1729 | 1723 | 1.65 | 1.57 | +0.6 | +0.08 | 5-2 | Tebbutt
1894.80 | 165.5 | 163.6 | 1.62 | 1.65 | +2.0 | —0.03 | 5-6 [ Tebhutt
1895.73 | 159.2 | 159.9 | 1.59 [ 1.69 | —0.7 | —0.10 2 See
EprPueMERTS,
t G Pe t @ Pe
1896.50 157.4 1.71 1899.50 147.2 1.85
1897.50 154.0 1.76 1900.50 143.8 1.90

1898.50 150.6 1.80
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¢ 6o Pa n Observers i Go Po n Observers

1893.52 339?2 0.58 2 Leavenworth 1894.79 348.6 —_— il H.C. Wilson
1893.53 338.8 0.73 2 H.C. Wilson 1894.83 347.2 0.48 13 Schiaparelli
1893.62 335.3 0.57 3 Hough
1893.70 3422 0.56 5 Barnard 1895.31 3518 0.50 1 See
1893.79 346.8 0.51 3 Comstock 1895.42 3498 0.73 6 Barnard
189387 344.2 0.49 13 Schiaparelli | 189561 3321 0.80 1 See
1893.95 3458 — 1 Bigourdan 1895.61 3521  0.64 1 See

) 189451 3463  0.56 8 Bk 1895.66 350.8 0.58 3 Comstock

‘When discovered in 1873 the companion was near its maximum elonga-
tion, and was easily measured by DemBowskr in 1874. The measures
of the next few years showed that the pair had a rapid direet motion.* In
1879-80 the distance of the components became so small (about 0”.20) that the
object could be clongated only by the most powerful telescopes. The measures
at this time ave therefore few in number, and necessarily of doubtful accuracy.

Since the epoch of Demsowskr’s measures in 1874, the radius-veetor of
the companion has swept over 335 degrees of position-angle, and the intervening
observations enable us to determine the orbit with a comparatively high degree

of preecision. The following table gives the orbits hitherto published for this

star:
17 l T e a (93 \ i ‘ A l Authority Souree

2007 | 188219 | 0.357 | 0.55 [163.6 | 54.9 | 3546 Dubiago, 594 AN, 2602
30.91 | 1882.25 | 0.337 | 0.517 2.67] 59. 33 3"( .8 |Gore, 1885 Proc. R.LA. ,IV;n0.5
16.95 | 1885.80 | 0.096 | 0.460 | 10.9 | 61.6 | 220.9 ‘Celorla, 1888 A.N., 2824
22.97 | 1882.37 | 0.260 | 0.501 1174.2 | G64.1 | 343.9 |Glasenapp, 1893 A.N., 3177
2416 | 1882.38 | 0.284 | 0.51 [174.4 |64.64 | 344.2 Ghsena.pp, 1893/A.N., 3177

From an investigation of all the observations we find the following

clements for B Delphini:

Apparent orbit:

P = 27.66 years Q =38°9

T = 1883.05 i =61°35

e = 0373 A = 164°,93
a =07.6724 n = +13°.015

Length of major axis = 1".060
Length of minor axis = 0”477
Angle of major axis =."2°5

Angle of periastron = 1766
Distance of star from centre = 07.194

* Astronomical Journal, 357.
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and hence we think the chances favor the present orbit, whieh differs from the
previous one chiefly in the higher inclination. It is noticeable that the repre-
sentation of the more recent observations is sensibly improved.

CompARrISON OF CoMPUTED WiTH OBSERVED PLACES.

i ¢ 6o 6c Po Pe :} Go—0 Po—Pe n Observers

| ) ) [] 7 =TT & I3

| 1783.55 [351.5|3522 | — | 0.53 | — 0.7 — 1 | Herschel

| 1825.60 | 25.0| 24.0| 0.80 | 0.64 | + 1.0 | +0.16 | 1-2 | Struve

| 183218 | 27.5 314|069 | 055 | — 3.9 | +0.14 | 4-1 | Struve 1; Herschel 2-1; Struve 1
1833.77 | 31.2| 33.5] 0.67 | 0.53 | — 2.3 | +0.14 1 Struve

| 1836.05 | 40.9| 37.0( 0.41 [ 0.50 | + 3.9 | —0.09 [ 4 [ Struve
1841.12 | 45.0| 464 | 0.6x] 043 | — 1.4 | +0.17 3 | Dawes 2; Midler 1
1842.31 | 49.9| 50.3 | 0.45 [ 040 | — 0.4 | +0.05 | 3-1 | Dawes 1; Midler 2-1

| 1843.73 | 56.8| 53.0 0.5+| 0.39 | + 3.8 | +0.11 | 4-3 | Madler 3; Dawes 1
1849.30 | 59.5| 688 0.5+ 0.34  — 9.3 | +0.16 2 | Midler 1; Dawes 1
1854.75 1101.7{ 85.9{ 0.3+| 0.31 | +15.8 | —0.01 1 Dawes
1856.81 [107.8( 97.8 | 0.3%| 0.31 | +10.0 | —0.01 | 1 | Secchi
1864.20 |131.2| 1254 | enneo | 0.34 | + 5.8 - 4 | Dembowski 3; Secchi 1
1866.08 [139.6 | 131.2 |oblonga | (.36 | + 8.4 — 3 | Dembowski 3
1867.86 |1141.1|136.2 0.30 | 0.38 | + 49 | —0.08 | 1 | Newcomb

187288 [147.5| 142.6 | ovtonga | 0.41 | + 4.9 — 5 | Dembowski

| 1876.82 [154.7 [ 155.2 | 0.49 | 047 | — 0.5 | +0.02 | 8 | Schiaparelli4; Dembowski3;Cinn. 1
1879.60 1156.21159.7 | 0.49 | 049 | — 3.5 | £0.00 | 9-5 | Cincinnati 5-1; Hall 4

| 1881.16 {162.51162.1 | 0.52 | 0.50 | + 04 | +0.02 5 | Pritchett 2; Burnham 3
1885.74 [167.9]168.9 | 0.46 | 0.51 [ 1.0 | —0.05 3 | Hall
1886.79 [171.5]170.5 | 0.50 | 0.51 ‘ + 1.0 | —0.01 | 5-4 | Leavenworth 3-2; Hall 2
1887.63 [173.3|172.2] 0.49 | 0.50 | + 1.1 | —0.01 | 12 | Schiaparelli 7; Hall 3; Tarrant 2
1888.81 [172.4{173.5| 0.48 | 049 | — 1.1 | —0.01 5 | Schiaparelli
1889.88 |176.7|175.3 |0.40+{ 048 | + 1.4 | +0.01 | 2 | Schiaparelli
1890.78 |178.2(176.9 | 049 | 0.47 | + 1.3 | +0.02 2 | Tarrant
1891.77 [178.1|178.5 0.50 | 045 | — 0.4 | +0.05 | 1 | Schiaparelli
1892.85 [181.7!181.0| 0.37 [ 042 | + 0.7 | —0.05 | 2 | Comstock 2-1; Schiaparelli 0-1
1893.25 |183.4{181.8| 045 | 041 | + 1.6 | +0.04 | 54 | Tarrant 3; Comstock 2-1
1894.86 | 186.5|185.3 |0.38+| 0.37 | + 1.2 | +0.01 | 3 | Schiaparelli
1895.67 [189.0|188.81 0.32 | 0.33 | + 0.2 | —0.01 | 4 | Comstock 1; See 3

The period here indicated is not likely to be in error by more than five
years, while a variation of +0.03 in the ececentricity does not seem probable.
It is therefore unlikely that future observations will greatly alter the present
elements, but as some improvement is still desirable, astronomers should eon-
tinue to give this star careful attention. During the next few years the motion
will be very rapid, and the object exeessively diflicult; but for this very reason
observations will be the more valuable.

The following is an cphemeris for five years:

t G- Pe ¢ 6 Pc
1896.80 193.5 0.28 1899.80 224.0 0.14
1897.80 199.4 0.24 1900.80 2441 0.12

1898.80 208.1 0.19
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t o Po n Observers £ 6o Po n Observers
1893.51 121.0 0.29 3 Leavenworth 1894.51 117.6 0.’19 7-6  Barnard
1893.77 127.5 0.20 2 Barnard 1894.83 114.8 0.14 4 Lewis
1893.82 130.5 0.25 2-1 Comstock 1894.87 114.7  0.24 6 Sehiaparelli
1893.92 1236 0.27 8 Schiaparelli 1895.62 107.9 0.17 6 Barnard

This remarkable double star was discovered with the 18-inch refractor of
the Dearborn Observatory. Its extreme closeness led to the belief that it
would prove to be binary,* and accordingly it has been found to be in rapid
revolution. Dr. ENXGLEMANN of Leipzig succeeded in making one measure of
the pair in 1883, which indicated a retrograde motion. BURNHAM’S 1measures
were continued at the Lick Observatory from 1888 to 1892, and the new data
thus obtained enabled him for the first time to get the approximate period of
revolution (Monthly Notices, March, 1891).

At the request of Burxmam and the writer, BARNARD has since fol-
lowed the star, and obtained additional measures which appear to be suflicient
to give us a reasonably good approximation to the clements of the orbit.
In his first examination of the motion of this pair, BurNuiAM made the orbit
nearly ecircular, but the recent observations show that the orbit has about
the usual eccentricity prevailing among binaries, and that the inclination of
the orbit is very high. In the Monthly Notices for November, 1894, Mr. LEWIS
has given a set of measures recently obtained with the Greenwich 28-inch
refractor, and sketehied an apparent orbit which would better satisfy the latest
observations.

ITIaving collected all the observations of this diffienlt star, including some
unpublished measures kindly furnished by Barxarp last Autumn, we have
investigated the orbit by the method of Krixkerruks, and find the following

elements:

P = 11.42 years =G

I = 1896.03 Q=NliED5

e = 049 A=ME020

a = 0".4216 n = —31°.5236

Apparent orbit:

Length of major axis = 0".555
Length of minor axis = 0".130
Angle of major axis = 115°7
Angle of periastron = 30°2

Distance of star from eentre = 07.032

* Astronomische Nachrichlen, 3285.






























244 ELEMENTS OF THE ORBITS

the orbits here presented depend essentially on the observations employed, and
as our choice is to some extent a matter of judgement, it is not certain that
we have always arrived at the best results.

RESULTS OF RESEARCHES ON THE

Star « 3 P 7L e a’ Q i 2

h m o 8. L] o o o
+57 53 104.61y + 2.0|1836.26 0.450 1. 0.02 13712 | 4715 | 43.85 | 90.9
42,9 | +57 18 {195.76 £10.0 | 1907.84 0.514%0.03 8.2128 | 46.1 |45.95 | 217.87
57.8 | +41 51| 54.0 1.0 | 1892.1 0.857+0.02 0.3705 | 113.4 | 77.85 | 200.1
40.4 | —16 34| 52.20 2.0 1 1893.50 0.620+0.02 8.0316 | 34.3 |46.77 | 131.03
47.1 | —13 38| 22.0 1.0 |1 1892.30 0.700 +£0.02 0.6549 | 95.5 |77.72| 75.28
6.2 | +17 58| 60.0 0.5 1870.40 0.340+0.03 0.8579 | 88.7 7.4 [264.0
121 | +29 0| 34.0 1878.30 0.330£0.03 0.6692 | 28.25| 75.0127.52
231 |+ 9 30|116.20 184210 0.537 £0.01 0.8824 | 146.70 | 63.47 | 124.22
45.3 | +54 33| 97.0 1884.0 0.44010.03 0.3440 [ 160.3 | 30.5 15.9
129! +32 6| 60.0 1875.22 0.397+£0.005 | 2.5080 | 100.8 |55.92 | 126.33

23062

n Cassiopeae = Y60
yAndrom.BC= 038
«Can. Maj. = Sirius
[F.9 Argils = 101

¢ Caneri AB = Y1196
33121

wLeonis = Y1356

q Urs. Maj. = 0X208
¢ Urs. Maj. = 31523

[y
HQOOORN-1OFROC
—

0X234 11 254 | +41 50| 77.0 1880.10 0.302£0.04 0.3467 | 157.5 | 50.8 | 206.8
0X235 11 26.7 { +61 38| 80.0 1834.30 0.324 £0.05 0.8690 | 81.7 |49.32|137.78
yCentauri = H, 5370 |12 36 | —48 25| 88.0 1848.0 0.800£0.03 1.0232 4.6 | 62151943
y Virginis = 31670 |12 36.6 | — 0 54 | 194.0 1836.53 0.897£0.005 | 3.9890 | 504 |[31.0 |270.0
F.42Com.Ber.=31728{ 13 5.1 | +18 4| 25.56 1885.69 0.461 £0.01 0.6416 | 11.9 |90+ |280.5
0X269 13 28.3| +35 46| 488 1882.80 0.361 £0.05 0.3248 | 46.2 [71.3 32.63
25 Can.Ven.=X1768{ 13 33 | +36 48 | 184.0 2 1866.0 0.752£0.05 1.1307 [ 123.0 | 33.5 |201.0
«Centauri 14 326 | —60 25| 81.10 1875.70 0.528 £0.005 | 17.700 2515 179.30 | 52.0
0X285 14 41.7 | +42 48| 76.67 1882.53 0.470£0.05 0.3975 ] 62.2 |[41.95 | 162.23
£ Bootis = 31888 14 46.8 | +19 31 [128.0 1903.90 0.721 £0.02 5.5578 | 10.5 | 52.28 | 239.25

»Cor.Bor. = 31937 |15 19.1 | +30 39| 41.60 1892.50 0.267 £0.01 0.9165( 27.1 |58.5 |217.57

w?Bodtis = 31938 15 20.7 | +37 43 | 21942 1865.30 0.537£0.03 1.2679 |163.8 [43.9 |329.75
0X298 15 32.4| +40 9| 520 1883.0 0.581 £0.02 0.7989 1.9 |60.9 26.1
yCor.Bor, = Y1967 115 38.5| +26 36| 73.0 1841.0 0.4821£0.05 0.7357 1 110.7 | 82.63 | 97.95
¢ScorpiiAB=231998 | 15 58.9 | —11 5|104.0 1864.60 0.131 +£0.05 1.3612 9.5 |70.3 [111.6
oCor. Bor. = 32032 |16 11 +34 71370.0 2 1821.80 0.540 £0.04 3.8187 | 30.5 4748 | 477
{ Herculis = Y2084 |16 37.6 | +31 47 35.0 1864.80 0.497 £0.03 1.4321 | 37.5 |51.77 {101.7
3416 = laac. 7215 17 121 | —34 52| 33.0 1891.85 0.512£0.03 1.2212 [ 1446 | 37.35 | 86.1
32173 17 253 — 0 59| 46.0 1S69.50 0.200£0.03 1.1428 [ 153.7 | 80.75 | 322.2
plHereulis BC=A.C.7| 17 42.6 | +27 47| 45.0 1879.80 0.219%0.02 1.3900 | 61.4 |64.28|180.0
7 Ophiuchi = 2262 (17 57.6 | — 8 11 (230.0 1 1815.0 0.592£0.05 1.2495 | 764 | 57.6 18.05

1896.4661 | 0.500£0.02 4.548 [ 125.7 | 58.42198.25
1887.7 0.781£0.02 1.014 |indeter.| 0.0 (&)
1878.80 0.279£0.02 0.6860 | 69.3 |67.32 | 328.1
1876.80 0.420 10,02 2.453 723 | 34.0 [180.2
1883.05 0.373£0.03 0.6724 3.9 | 61.35|164.93
5.0 {1899.40 0.514 £0.03 0.7320 [ 177.7 [ 72.53 | 68.63
0.2 11892.80 0.165 £ 0.02 0.452 22.2.179:0 0.00
0.4 | 1896.03 0.490 01 0.4216 [ 116.25 | 81.2 80.2
1.0 | 1883.80 0.388+0.02 0.8904 | 116.3 | 55.6 | 256.4

F. 70 Ophiuehi=232272|/ 18 0.4 | + 2 33| 88.3954
F.99 Herenlis=A.C.15/ 18 3.2 | +30 33| 54.5

¢ Sagittarii i8 563 | —30 1| 18.85
y Coronae Australis |18 59.6 | —37 12 {152.7

B Delphini = g151 20 32,9 +14 15| 27.66
F.4 Aquarii = 2729 |20 46.1 | — 6 1 [129.0
dEquuleiAB=0X535 21 96|+ 9 37| 1145
x Pegasi = 989 21 40.1 ) -+25 11| 11.42
{F.85 Pegasi = 8733 | 23 56.9 | +26 34 | 24.0

I
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(*) Angle Per. = 169°,5.

In the course of the next twenty years a semsible improvement can be
effected in the orbits of rapidly moving stars, sueh as « LPegasi; but mean-
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§2. Relative Velocity of the Companion in the Line of Sight
Jor the Lpoch 1896.50.

When the elements of the orbit are known, the theory developed in §5,
Chapter I, first published in the Astronowmische Nachrichten, No. 3314, enables
us to predict the relative motion of the companion of a binary in the line of
sight for any given time. The colnmns marked ’(3‘ and i; in the foregoing
Table contain the desired results for the epoch 1896.50. The numbers in the
column % express the orbital velocities in units of the radius of the hodograph.
As the scale of this radius is unknown, except in a very few cases, we are
not able to express this veloeity in kilometres or in other absolute units; but
when the parallaxes are determined this may be readily accomplished. The
column as it stands, however, shows the rate of orbital motion, compared to
what is approximately the average veloeity, and we are thus cnabled to select
those stars which have a rapid orbital motion. If the motion of any given
pair be rapid, and also mainly in the line of sight, as in the case of
70 Ophiuchi, the system so circumstanced will be favorable for spectroscopic
measurement. The column :tg shows what part of the orbital motion is in the
line of sight, and this enables us to select for measurement with the Spectro-
graph those pairs which have a large orbital veloecity with the major portion
of it towards or from the earth.

The stars at present the most favorably situated for measurement of the
relative motion in the line of vision are : 7 Cassiopeae, a Canis Majoris, 9 Avgis,
¢ Bootis, y Coronae Borealis, 32173, 70 Ophiuchi, B Delphini, and a Centauri.

Adopting parallaxes of 0°.75, 0”162, and 0".154 for a Centauri, 70 Ophiuchi,
and n Cuassiopeae respectively, we find the linc-of-sight components for the
several systems to be 6.66, 13.95, 8.89, where the unit is the kilometre. These
quantities are well within the limit of spectroscopic measnrement, and therefore
an experimental determination offers an attractive problem to observers occupied
with this braneh of Astronomy.

It will be seen that several of the above stars are wide, while others are
very close. If the two spectra can be photographed on the same plate, the
lines being only slightly displaced by the relative motion of the stars, as in
the case of spectroscopic binaries, the close pairs ought to be as easily measured
as the wide ones, whose spectra conld perhaps be photographed separately.

In any case the prosecution of these researches with the powerful spectro-
scopic appliances of the great telescopes of our time is an urgent desideratum
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of the heavens. Consider the triangle comneeting the pole of the equator with
the poles of the real and of the apparent orbit. The pole of the apparent
orbit is determined by the right ascension and declination of the star (a, 8).
Let the coordinates of the pole of the real orbit referred to the same axes be
A and D, and let Q' be the angle which the great circle passing through the
poles of the real and apparent orbits makes with the meridian. The are join-
ing the poles of the orbits is the inelination, ¢, and this is one of the clements
given in the foregoing Table. From the resulting spherical triangle we have

sin D = cosi sind +sini cosd cos Q' = m cos (M —3),
cos D sin («—A4) = sinisin Q/,
cos D) cos («—A) = cosicosd — sinisindcos Q' = m sin (M—3),
where sini cos Q' = m cos M,
and cosi¢ = m sin M.
o 1
Then tan W = ok
sin (M —3$)
It —44 N e A
E XU cos M tan '’
tanD = M—A)

tan (A[—3)

When the right ascension and declination of the pole of the real orbit
have been determined, we may pass a plane through the central star parallel
to the Milky Way. In the spherical triangle which joins the pole of this
plane with the pole of the real orbit and the pole of the heavens, the incli-
nation of the real orbit to the plane of the Milky Way is given by the are
connecting their poles. Thus we have

cosT' = sinD sing’ + cos D cosé’ cos(4—u«'),

where o' and &' denote the coordinates of the north pole of the Milky Way.
In our computations the coordinates of the north pole of the Milky Way
are taken on the authority of Sir Joux HEerscuern, who found

= R ol Bl = 2T

There are two solutions for T, owing to the two values of 4 and D inci-
dent to the indetermination of the ascending node; and the resulting inelinations
to the Galaxy are tabulated as I' and I'.  Now, we do not know which of these
two possible inclinations to the Milky Way is correct, but since it is impossible
to sclect from either columm any one prevailing angle, much less an evanescent
inclination, we conclude that the orbits are not directly related to the Milky
Way, or to any other fundamental plane of the heavens. Thus it is clear
that the orbit-planes lie at all possible angles to the Milky Way, with no
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two between 0.8 and 0.9; none between 0.9 and 1.0. The distribution is illus-
trated by the broken line in the accompanying figure. Since the number of
orbits is finite, the figure is an irregular line; if the number were indefinitely
increased, the figure ought to become approximately a smooth curve.

It is evident, therefore, that the true curve of distribution of orbits resembles
a probability eurve with maximum near 0.482; the slope in either direction is
gradnal, but the curve vanishes before it reaches zero and unity. We have
drawn a pointed curve to illustrate what is conceived to be the probability
curve for the distribution of orbits, but it is based on forty orbits only, and
therefore is necessarily provisional. We may observe, however, that forty is a
number sufficiently large to realize the essential conditions underlying the
theory of probability, and accordingly we are justified in the inference that the
nature of the curve here indicated will never be greatly changed. There is
an irregularity in the broken line between 0.6 and 0.7, which may be attributed
to the effect of chance; if the number of orbits were greatly increased this
gap would be filled np. In general, there will be irregularities in the distri-
bution so long as the number of orbits is finite, but they ought to become less
marked as the number is increased.

Thus, it is clear that in whatever intervals the axis of eccentricity be
divided, and however the number of orbits be increased, there will remain in
the curve of distribution a conspicnous maximum near 0.482, with a gradual
slope in both directions. The following table shows the eccentricities of the
orbits of the planets and satellites (Inaugural Dissertation, Berlin, 1893, p. 58):

‘ Planet Eccentrleity Ee é‘:ﬁ:ﬁ clty Planet Eccentricity
| Venus 0.00684 : Jupiter 0.04825
3 ! >
| T | 0ol | 006026 { | ™ | 000526
. ] Uy -
l Uranus 0.04634 Mereury 0.20560

) \ . Mer
Satellite Eccentricity Ecc:;l:tarlllcity Satelllte Eccentrieity Eccelrlc&'!ilclty
| Satellite of Neptune | . . . . | V (BARNARD) . ot A
| © Io ) LA appear to be
Ariel = i Jupztcr cireular
Unmbriel S Europa Ehel r
T::"a;‘; Uranus = Ganymede 0.0013 3
g . Z
S b Deimos 0.0057
st J > &£ || Phobos } Mars | 0.0066
| ‘;!""‘;Sd g-—'—; Calypso } Jupiter 0.0072 L 0.0325
s e s Tapetus 0.0296
[ Tethys Saturn = o }Saturn 0-0090
Dione Mo g Titan VY
Rhea il i) =1 Moon 0.05491
Hyperion } Saturn 0.1189 " |-













252 HIGH ECCENTRICITIES A FUNDAMENTAL LAW OF NATURE.

distribution of the orbits of conrets, and another for the distribution of the
orbits of the planets and satellites. The nnmber of cometary orbits is so large
that in this case the scale of ordinates had to be very mueh redueced. An in-
spection of these curves shows that the planetary orbits are heaped up about a
very small eccentrieity, while the cometary orbits cluster around the parabo-
lic ececentricity. This characteristic of the orbits of comets indicates, as
Larrace first pointed ont, that these bodies have been drawn to our system
from the regions of the fixed stars; and therefore their cccentricities surpass,
equal or approximate unity. Some of the comets have passed near the larger
planets, and thus suffered perturbations which have redueed their: eceentricities;
and hence the curve slopes down gradually on the side towards the origin.
The right branch of the curve is but little known, since the great perthelion
distance of hyperbolic comets enables them to pass through onr system unnoticed,
unless they happen to be very bright.

Thus it is evident that the tendeney of donble-star orbits is to group abont
a mean eccentricity which is almost equally removed from the two extremes
presented in the solar system. " Orbits which are so much elongated have no
close analogy with those of the planets and satellites ; on the other hand their
lack of very great cceentricities excludes them from the category of comets,
and does not permit us to assign to these systems a fortuitous orvigin. We shall
see hereafter that the orbits were originally nearly cirenlar; in the course of im-
measurable ages they have been gradually expanded and elongated by the work-
ing of tidal friction in the bodies of the stars. The visible elongation of the
orbits thus enables us to trace the changes of the stellar systems through mil-
lions of years, and to throw light upon the problems connected with their
evolution.

In discussing the motion of y Virginis, Sk Joux Herscner long ago remarked
that “the cceentricity is, physically speaking, by far the most important of all
the elements,” and now we see that this element, which depends wholly on
micrometrical measures, and is independent of the parallaxes and relative masses
of the stars, gives the sole clue to the evolution of the stellar systems,
and will some day cnable us to lay a secure foundation for secientific Cos-
mogony.

‘We may observe that hesides throwing light upon the past condition of
the universe the general law of the eecentricity here established will also be
useful to practical astronomers. The eecentricity of any given orbit may depart
considerably from the mean here indicated as the most probable value, yet the
tendency towards this region will on the whole prove useful to computers.
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irregularity of the proper motions of the components is conspicuous in com-
parison with the errors of observation,

There are other systems such as 70 Ophiuchi, ¢ Boitis, and y Virginis, which
are favorable for similar investigations, but none have yet been attempted. It
would be all the more interesting to investigate the relative masses of
70 Ophiuchi from the cirenmstance that the system contains a dark body which
sensibly perturbs the visible components.

In the case of y Virginis we might infer that the masses are nearly equal,
as in the system of a Centauri.

But even if the bright and widely-separated pairs were all investigated, it
would still be diffienlt to reach any of the small, close stars whose distances
are less than two seconds of are. The investigation of the relative masses of
the components of such systems by means of absolute positions determined
with the Meridian Cirele secems forever impossible, since the stars under such
power would seldom be separated, and when separated the errors of observa-
tion would be larger than the quantities involved in the determination of the
relative masses. The old method is therefore very limited in its application,
and a new method must be invented if we are ever to have preeise knowledge
of the relative masses of the components of binary systems.

We suggest the following method as much more general and also much
more exact than the one depending on absolute positions. The distance and
position-angle of each component with respeet to a neighboring star should be
determined at different epochs, the measures being taken with the Heliometer
if the distance is large, with the Micrometer if the neighboring star is close or
very faint. A series of such relative positions wonld disclose the location of
the centre of gravity by its uniform motion and the resulting conservation
of areas with respect to the neighboring star. And since the measures are
differential only, it onght to be possible to attain the desired degree of accu-
racy; the only difficulty likely to arise in practice would be one depending
on the personal equations and the constant ecrrors affecting the work of
individual observers. Experience alone could determine how serious this
difficulty would be, but it seems probable from the results obtained in the
measurement of double stars that it would become considerable only in the ecase
of pairs which have no near companion.

Indeed, this method for finding the relative masses of stars is exactly the
same as that employed in parallax measurement, except that the observations
must extend over the period of a revolution (or a large part of such a period)
instead of over the period of one year.
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If the preeession is sensible, the observations of 6,, 6,6, and 0,6, 6",
ete., must be referred to a common epoch. An independent formula for the

O z M, 3, A=,
determination of the ratio 47737 may be deduced from the criterion that the
M+,

motion of the centre of gravity is confined to the are of a great eirele.

‘While the method may not prove to be entirely general, owing to the
oeceasional absenee of suitable comparison stars, there is reason to think that
the Heliometer and Micrometer together onght to prove very effective. Such
measurements, if extended to groups of perspective involving two or more
objeets, will furnish the means also of detecting the existence of any possible
irregularitics in the proper motions of single stars. In the early days of star
cataloguing it was diflicult to believe that the proper motions were uniform
and rectilinear, but as this has been found to be the general rule, it is now
difficult for some to eredit the existence of irregularities in the proper motions,
or the presenee of dark bodies perturbing the motions of the stars. The errors
of observation are relatively so large that sound mecthod of proeedure requires
eaution in attributing anomalies to forcign ecauses, lest by undue eredulity we
be led to introduec all manner of vain fictions; yet it is eertainly nnphilosophi-
eal to doubt the existence of numecrous dark companions which disturb the
motions of the fixed stars. It will ultimately be a matter of great interest to
determine the extent and the character of such perturbations. These eonsid-
erations suggest fields of inquiry of the widest scope, and assure us that while -
exaet Astronomy shall be cultivated, the Heliometer and the Mierometer are
not likely to lose their present importanee, throngh the introduction of any sort
of mechanical methods.

It will be some years before the above method ean be applied, and hence
it is interesting to reach some general result as to the rclative masses of binary
stars. The determinations above spoken of, exeept in the case of Sirius, show
that the masses are roughly in proportion to the brightness of the stars. This
rule would doubtless lead to erroneous conelusions in a good many individual
cases, yet in taking double stars as a elass, it will give results which are not
far from the truth; and henee the light-ratios of the forty stars given in the
Table show that on the average the eomponents of binaries are comparable,
and frequently almost equal, in mass. This we may infer to be a general law
for all binaries, and the ecorresponding relative masses accord perfeetly with
those of the double nebulae drawn by Sir Jonx Heurscnrw, and with the mass-
ratios resulting from the rupture of the figures of equilibrium of rotating mass
of fluid investigated by PoiNcariz and DArwIN.
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regular, and adjusted to such admirable conditions”of stability, that among
known systems it stands absolutely unique. Whether observation will ever
disclose any other system of suech complexity, regularity and harmony, is an
interesting question for the future of Astronomy. It is certain that the number
of double stars will be augmented in proportion to the diligence of observers
and the improvement of our telescopes; and we may reasonably expect a
sensible increase in the number of triple and quadruple stars and of stars
attended by dark bodies.

Such systems as Sirius, Procyon, { Cancri and 70 Ophiuchi are not likely
to be isolated cases; but caution is required where the observations are not
decisive, lest the number be unduly increased by imaginary bodies resulting
from errors of observation. It seems probable that a number of double stars
are likely to disclose perturbations which ean be investigated, and we have
already some indications. that the motions of { Herculis, &€ Ursae Majoris,
p! Herculis and n Coronae Borealis are mnot perfectly regnlar. But in the
present state of the measures it seemed best to attribute the apparent irregu-
larities to errors of observation. { Ilerculis especially merits the most careful
attention of observers; after its periastron passage a refined investigation will
show whether the motion is really perturbed.

The question naturally arises whether the stars of these double systems are
attended by small dark bodies of a planetary character. We have seen that
most of the binaries have highly eccentric orbits, and hence if planetary bodies
revolved around either component, they would experience great perturbations,
besides the most violent changes of light and heat. It seems probable that
planets could not be formed without developing very eecentric orbits, and if
once in existence, it is questionable whether such hodies could endure under
the violent perturbations to whieh they would he subjected at periastron
passage. Kven if a planet were very close to its central star, its motion would
be affected by an inequality of enormons magnitude analogons to the annual
equation in the moon’s motion; and if not destroyed by collision with one of
the stars or by disintegration under the tidal forces within Rocnr’s limit, in
all probability it would sooner or later be driven from the system on a curve
analogous to a parabola or an hyperbola. Thus, while the motion of a planet
around one of the components could hardly he so stable as the corresponding
phenomena of the solar system, it might yet continue for long ages if the orbit
of the binary be uot too eccentric; the final state of the system would depend
upon the densities, relative masses and distances of the components, the mutnal
inclinations, and ahove all, the eccentricities, of their orbits.
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