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THIRD CATALOGUE OF ORBITS OF vigysy BINARY STARg
W. S. Finsen and C. E, Worley

INTRODUCTION

Ty orbits publj i
js cata % 4, 1938; Worley 1963). We have collaborated i the prgducggido}nt‘}]]?e"dently by the present
This ca (Finsen 19% i}mtion of our independent resources a}nd.opmions would result ip a more ¢
.h? that the Ct; talogue than would have been achieved individually,
pelie” " cistent C independently selected and graded a list of orbits. The it
d izi tially: W‘;e’fiaf,ﬁ,lln a%dition, Worley supplied most of the magnitudes andl: i
a

ol Compared and a
© rormation for the Notes, while I'insen was principally responsible fP Tal types, and much of the

as well as for the editing and production of the actual catalogue, Gy editing of the

it the Thiele-Innes elements have_been computed anew from the ublished Ca;

i oth annesburg most of the c%mp;(utatllons were made with an ICT g soopor other elec{?gxt)iill:gﬁgf&trs

S ‘,ersa.a] hundred cases an ordinary esh calculating-machine was used. In the comparatively few cases

rt in sever of elements were supplied by the orbit computer they were retained unaltered notwithstandin

pu sets cies attributable to rounding-off. But gross discrepancies, as wel] as any other queries that camg
n]ways fully investigated and corrected whenever possible. Such ¢ 1 indi

t” mind, S asterisk (*), as also are the cases where the elements have be

Conventlon- an important augmentation of the catalogue is the in

bits. Inclusion of astrometric orbits needs no apology for the distinction between astrometric and

. yperbOh. or Jargely artificial and, it is to be hoped, of a tempora_ry‘natux:e; an astrometric binary may become a

isual pairs 15 vernight as happened in the case of Ross 614. Their inclusion may also serve as a useful reminder

v b 0 nseen companion at the most favourable tlme.' i

o look fo thetlllle reality of the few that have so far been published may well be doubted, but the possibility of
jal a.ndnnot be gainsaid. It therefore seemed desirable to mak

orbits ca :

L . ¢ provision for the hyperbolic case and for
ompleteness to include the few tentative orbits that have already been published.
f c tion and conventions used in this catalogue are defined below.

clusion, fo_r the first time, of astrometric and

wm
R
=2

the sake ©
The nota

TS
BHEr o Revolution period, in years.
K 60°/P Mean motion; always positive.
- S Epoch of periastron passage.
o Eccentricity of true orbit.
Semi-axis major of true orbit, in seconds of arc,
Inclination of the plane of the true orbit to the‘tan'gent . ; ;
ositive pole of the true orbit (from which the motion is seen to be direct) and the line of sight.
}};or direct motion in the apparent orbit ; ranges from o° to 9o°, for retrograde motion, from
0° to 180°. When 7 is 9o°, the apparent orbit is a straight line through the primary.
”}he position angle of the ascending node (where the radial velocity of the companion relative
2 to the primary attains its maximum positive value) in the cases where this discrimination is
ossible. In such cases it is printed in italics and may have any value between 0° and 360°.
I())therwise the node between 0° and 180° is arbitrarily chosen. .
The longitude of periastron, i.e., the angle in the plane of the true orbit from the ascending
de to periastron, taken always in the direction of motion. It can therefore have any Yahle
b 0° and 360°. This is in agreement with the usual convention fmi spectroscopic binary
betyveel{wlen the ascending node is unknown, as is usually the case, w is measured from the
orlzilés:as given (i.e., §§ < 180°); should this eventually prove to be the descending node, both
l,;;,) and w should be increased by 180°. . e
The ¥, y, z coordinates of periastron, referred to the centre of the true (relative) orbit as origin.

RO . : i
(v inates of that point, in the plane of the true orbit, where the minor axis o
o Al’ )tzvze ?)(;?)rigli?ﬁeisects the al.Juxiliary circle and which is go° from periastron in the direction
e These coordinates are also referred to the centre of the true orbit as origin.
o 7"020”1-3 F, and G may also, for practical purposes, be regarded as referred to the centre
f th(e .;pp,are;lt orbit, but this will be true for C and H only if the centres of the true and
prarcnt orbits are regarded as coincident.)

i i i i them a knowledge
i lculation of the relative radial velocity. To calculate
Lol Coel}i;lcmntrz]flgi ti];erzzg;lr:d. The tabulated quan.tltles pL, PN. (p = a.bsoluttla1 parallax) thus
;ferin?t It)l‘?e calculation of the relative radial velocity as a function of the parallax.

. a o

plane, i.e., the angle between the

SRS
o w
< o]

i i bell elements a, 7, §, w. When,
i 7, G are equivalent to the classical or Campl _
iy Thxeie—ll?ntfas ngsltsgltjcﬁil fr, o{her infOl‘l?lthiOll, it is not poss%‘)le I;o g}fcr;r;\];n%‘t}i}ebsgl‘;z(;nsitgsa:::ncdol;‘r%;ni(}
B s & hing double signs to C, H, pL, pN. : C
descenging iges (it}:als S, lldlfgég;ji;) %In artetzﬁ?ty t%e ascending node; if this is the descending node the lower signs
the node as given (1.e., .
: i fA, B,
aPPl)S/- g?f ?:!50 tc}:fa;, +180° for §, reverses the quadrant in the apparent orbit and reverses the signs o
ubstitution
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Substitution of w--180° for w reverses the quadrant in the apparent orbit and reverses the signs of 45

B SRl d w-+180° fi leaves the quadrant in the apparent orbit and
ituti +180° f nd w--180° for ® y 1t and t :
Substitution of § +180° for § a the signs of C, H, pL, pN. he signs

of A, B, F, G unchanged, but reverses ;
; : ine of sight, motion direct, is indicated by i = 0, §§ = 0, so that w is th T
An orbit perpendicular to the line of sig yi= 180°, §i = 0, SO that 360°—w is the positio"e Position

angle of periastron; if the motion is retrograde, b angle of
periastron.

CIRCULAR ORBITS %

For a circular orbit, ¢ = 0 and @ =0 and T is the epoch of nodal passage when the position angle equals 2

If, in addition, the inclination is zero, §) is also taken as zero and T is the time when the position angle is Sore

PARABOLIC ORBITS :
o Areal constant in the frue orbit, expressed in square seconds of arc per annum.
q Periastron distance in the true orbit, in seconds of arc.
n = o/q® ‘Mean motion’. o '
ferred in this case to the primary (i.e., the fos) s

A4,-B; G The x, y, z coordinates of periastron, re
origin. _

F, G, H The ¥, , z coordinates of the point where the latus rectum mteorsects the circle in the true orbjt
plane with centre at the primary and radius ¢ and which is 9o from periastron in the directjoy,
of motion. These coordinates are also referred to the primary as origin.

The remaining elements 7', ¢ (=1),%, & o L, N are defined as for elliptic orbits.

HyperBoLIC ORBITS
20(e—1)*

The elements are defined as for parabolic orbits, except # = qT(aT_—I)T ‘Mean motion’.

UNRESOLVED ASTROMETRIC BINARIES
The photocentre of an unresolved astrometric binary is designated by P. Aa,P, for example, refers to the orbit
of the photocentre P relative to the barycentre of a visible component A and an invisible component a.

EPHEMERIS CALCULATION
For convenience, the formulae for ephemeris calculation are given below:
M =n(—T)
x=pc050=AX+FY
= psin 0 = BX +GY

Radial velocity of the companion relative to the primary = Lg% + N%

Tables of X and Y for elliptic orbits were first published by Innes (1926) and for parabolic orbits by Finsen
(1936). These tables are differenced for intervals of the argument M, facilitating extraction of the differential
coefficients, but the former are unfortunately not free of errors. More recently Franz and Mintz (1964) published
tables for both elliptic and parabolic orbits, with auxiliary tables giving first and second differences at intervals
of ten degrees of the mean anomaly and o-1 of the eccentricity.

" Tables of X and Y are not available for hyperbolic orbits, but ephemeris calculation may be carried out as
ollows:

The analogue of Kepler’s equation is M = n(t—T) = ¢ tan F — 2-3026 logy, tan(45°+3F) = esi
where F is the gudermannian of /. Solution of these transcendental equations may é‘tlten ](;)tsavo%de)d byecsolrrllhﬁti—nf
M for arbitrary values of F or f and interpolating. Then, in the usual notation, puting

X=Zcosv=e_seCF =e—coshf
q e—1I e—I
7 . e+1\3 e L o
Vit & = (== = (=
7 sin v (0—1) tan I (e—I) sinh /
For hyperbolic orbits the dynamical parallax is L( » )é where m is the sum of th
) o=\ gnim m of the masses.

MAGNITUDES
Combined magnitudes were selected in the following order of preference:

(a) Photoelectric V' magnitudes taken from the catalogue of Blanco, Demers, Dougla i
(1968). In a few cases photoelectric magnitudes were obtained from other ,sourcgs. SIst zllsn (érzl:tlitfz?:rald
report that I/ magnitudes are now available for the majority of the pairs in this catalogue. ke

(b) Photometric visual magnitudes (two-decimal) from the Henry Draper Catalogue.

(¢) Durchmusterung magnitudes corrected to the Harvard system.

(@) Uncorrected Durchmusterung magnitudes, plus a few values from miscellaneous sources

Because the binaries included in this catalogue are generally close pairs, determination of individual photo-

electric or photometric magnitudes for the components is impossible i i
: ) S possible in most instances. F S
know the difference of magnitude in order to assign the individual magnitudes. Mo et e
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hotometric detqrminations of magnitude difference
In many c ther cases visual estimates were used, emphasizing, whe
iques: In Orve using large tele.scop(.as.
tccll“‘onced obse o derived are given in the catalogue as follows:

pert i S S . >
c‘\PcThe magmtude individual photoelectric magnitudes, or a photoelectric comb

@ 1f tllir?jiﬁerence of magn.itudc, tl}en two-de(.:imal values are given for bo
metrt i hotoelectric combined magnitude but the difference of : .
1f the ne-decimal values are given. magnitude is based on visya]

s
b) > :mates, then © : :

(%) estnal}‘tla;ther cases one-decimal values are given in italics.
In

were found, obtaj

re possible, recen ned by a variety of

t estimates made by

ined magni
th componeg,r:zs1 de and photo-

ES :
i are given in the following order of preference:

SPECTRAL Tes S
tral tyP es, taken principally from the photoelectric catalogue compiled b
e

spect™ S (Yerkes) BB 4 (1068). Values given in itali

(@ Jass, and FitzGera _(19 )- ues given in italics were classified y Blanco, Demers,
Dougtaff Station, by Christy and Walker (1969). For these cases :healt)rt;];g"rsé Egatl Obl;%ervatory,

0 observe the

trum and to infer the individual spectral types from the known

Flagste,
composite spec : Ya 4l obicchi ) differ ;

1, this rocedure is open to several objections, the ordina : ! ence of magnitude.
\\,'h:alef ;r“a gouble star is likewise not wholly satisfactory. Ty practice of quoting only a single spectrzl

Mt. Wilson types.
(i))) Henry Draper tYPes:

(
ORBITS
RADING OF THE ded into five cl iti i
; o been graded into five asses on a scale of 1 (definitive) to i

The O:)Elt.s 1::]‘{’% into account the length and curvature of th((a observed) arcsas(l?vgﬁtzsmtl}llr;a;?l)r‘rx’ll)‘ge g;mge e
to antheir reliability- The system (l;as_ been tested at the Republic Observatory for many (l:-a(:'so sgrvatlons
and e dependeﬂfdy by two' individuals have nearly always been in excellent agreement };\ IO atl; S
asSIETL ria used is given below: ; il
the C : Definitive Several revolutions, well observed.

Grade > Reliable At least one revolution, well observed.

limina Elements (especially P and a) not likely to b i
3 Bty BB e e i ey o gt thloheer
Individual elements entitled to little weight, but 2%/ P? m i
confidence. In general, less than half of the orbit is (/icﬁnecil }l]); ihicf)?agg%avt?;:ssome
5 Indeterminate Observed arc very short with little curvature. ;
cases where the difference of magnitude is small and there is doubt regarding quad i i
e t},I;t fwo or moTe widely differing sets of elements are possible, the ambiguigty is iﬁdﬁqic:te?l])tyutl}izqs);g%tgflk
o by the grade. For example, for ADS 1411 two solutions have been offered with periods of 165-4 years
fo -0 years, graded as A3 and A4 respectively, the grade being assigned on the assumption that the ambiguity
B o res ] cases the possibility .of ambngulty has been indicated despite the fact that the alter-
native interpretation has not been tested by orbit computation.

4 Premature

GENERAL g A p :
The derivation of the Thiele-Innes constants and their use in orbit computation has been described in earlier
Circulars.t The more important sources have been assembled and included in the References.

issues of these

Reference should also be mfzde to the Catalogue d'Ephémérides des vitesses radiales relatives des composantes
" des éloiles doubles visuelles dont Uorbite est connue by J. Dommanget and O. Nys (1967), and the Sixth Catalogue
of the Orbital Elements of Spectroscopic Binary Systems by A. H. Batten (1967) which have been extensively
consulted in the compilation of this .catz'x_logue. We must also not omit acknowledgment of our indebtedness to
the invaluable Circulaire d’Information issued three times a year by P. Muller of the Meudon Observatory on

behalf of Commission 26 of the IAU; it is to be wished that orbit computers would make more use of this medium
for early (if condensed) publication of their work.

Finally, our grateful thanks are due to R. F. Harrington, P. Hers, A. P. Klugh, and S. W. Postma for their
aid in writing programmes for the electronic computers in Washington and Johannesburg.

DESCRIPTION OF THE CATALOGUE

Most of the data presented in the catalogue are readily identifiable by the column headings and have been explained
in the Introduction. However, brief explanations of the less obvious items are for convenience given below:

i A dagger (1) following the star’s designation indicates that it is referred to in the Notes following the catalogue,
where it is identified by its right ascension and declination condensed into a five-figure group followed by a

positive or negative four-figure group.§
An asterisk (¥) indicates correction of an error, or transformation to con
This has been omitted in the trivial case when the quadrants of both
been rightly so named, but the method of orbit computation generally referred
be called the Thiele-van den Bos method.

d —. The IDS was forced by the limitations
) for these signs, and the traditional
pitals. There scems to be little justi-

form to the conventions of this catalogue.
and  have been reversed.

1 The Thiele-Innes constants or elements have
to as the Thiele-Innes method should properly

§ This differs from the usage of the IDS in retaining the familiar algebraic signs + an
of its print-out equipment to substitute N and S, and even I and W (for proper motions
'-‘lSquerers' designations were reduced to monotonous abbreviations using only Roman ca
fication for unnecessary perpetuation of these admittedly malkeshift expedients.

’_:;
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Magnitudes are given in italics when no photoe]cctric determinations of the combined magnitud,
magnitudes, are available. ude, or of ingjy;q
Spectral types are given in italics when they have been inferred from the composite spect ua]
the Introduction. Tum, as explajngq ;
n

The node §, is given in
P indicates the photocen
centre of a visible compo

Parabolic and hyperbolic orbi
(the areal constant in the tru

wn to be the ascending node.

visible component; e.g., Aa,P refers t

ble component a relative to their ba.x?ytc}elgt?-rb
e.

ts are identifiable by their eccentricities and by the repl
o orbit) and ¢ (the periastron distance). placement of

The date following the computer’s name is that of the last observation or normal place used in derjy;

The symbol A associated with the ‘grade’ indicates an ambiguous case. eriving the

The closing date of this catalogue may, for practical purposes, be taken as 1970.0. It

of 696 systems (counting triples as two systems). “There are 6 parabolic orbits, 8 hyperb. Alis :obf}t
roper motions. Of the elliptic ortfitlst

of unresolved systems of which 29 are based on variable p
8 per cent. are of grade 1, 18 per cent. of grade 2, 34 PeT cent. of grade 3, 32 per cent. of grade 4

italics when it is kno
tre of a visible and an in X
nent A and an invisi it of

the photo.

P ang 4 by
°Tbit,

:J l;sng 95 orbits
’a 39 orbitg

) o Pproxlmate]
348 per Centy

of grade 5.
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