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ABSTRACT 

The astrometric study of double stars is over 200 years old, and 

historically it has been a driver of stellar astrophysics resulting in the 

determination of the properties of stars, as well as formation and 

evolution models. Modern, space-based astronomy, from missions 

such as HIPPARCOS and Gaia, has opened a new sophisticated 

avenue of binary star studies. These space missions give the 

astrometric measures of a double star, its angular separation in 

arcseconds and position angle in degrees, with precisions that are 3 

to 4 orders of magnitude more precise than has been available to-

date from single-aperture ground observations (aside from speckle 

interferometry on close pairs). In this thesis, Paper 1 crossmatches 

the double stars from the first published catalogue of double stars in 

the southern hemisphere (the Dunlop Catalogue) with the Gaia Data 

Release 2 (Gaia DR2) from the Gaia space-based mission and 

estimates the accuracy of the measures in the Dunlop Catalogue. 

Overall position angles are within 70°”/separation”, separations 

within 7%, and apparent visual magnitudes are within 1 mag. Paper 

2 develops an iteration-based technique for the determination of the 

first order orbital elements for long period and under-sampled arcs. 

This technique is then applied to a sample of binary stars from the 

Dunlop Catalogue. Orbital elements with a mean period and semi-

major axis of ~81,000 years and ~76” respectively, were calculated 

displaying a mean uncertainty of ~37%. Paper 3 confirms the 

presence of 14 optical double stars within the Dunlop Catalogue and 

presents and applies an upgraded technique for calculating their 

rectilinear elements. This upgraded technique results in a minimum 

one order of magnitude improvement in their one sigma 

uncertainties over the current method. 
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CHAPTER 1: Introduction 

 

1.1 BROAD CONTEXT 

Double stars are pairs of stars in abnormal astrometric proximity on 

the celestial sphere. They are usually divided into two classes: optical 

double stars where the two stars only appear close together but are 

in fact gravitationally unbound (i.e. their binding energy is > 0), and 

binary double stars (or simply binary stars) where the two stars are 

gravitationally bound (i.e. their binding energy is < 0) (Aarseth, 

Tout, & Mardling 2008; Benacquista 2012; Kouwenhoven et al. 

2010; Penoyre, Belokurov, & Evans 2022; Wiley & Rica 2015). 

Visual double stars are studied for a variety of reasons, including: 

 To determine the relationship between two stars. 

Distinguishing between optical double stars and binary stars 

enables multiplicity ratios to be determined for different 

galactic environments (e.g., areas of the Galaxy with different 

gas and stellar densities). Binary and multiple stars make up 

more than half of all star systems and so accurate multiplicity 

ratios for different galactic environments and different spectral 

types leads to better stellar formation and evolution models 

(Andrews, Chanamé, & Agüeros 2017; Chanamé, Harmanec, 

& Guinan 2007; Guinan, Harmanec, & Hartkopf 2007; Igoshev 

& Perets 2019; Moe 2019). 

 To determine a fundamental parameter of stars, specifically 

their mass. The main properties of a star can be defined by 

three fundamental parameters: mass, radius, and luminosity. 

Other parameters such as metallicity, magnetic field, and 

rotation, are known as secondary parameters (LeBlanc 2011). 

Combined masses can be determined via Kepler’s Third Law 

on known binaries whose orbits are well-enough defined to 
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calculate good estimates of their semi-major axes and orbital 

periods. Likewise, more precise measurement of the mass of 

a star can increase the accuracy of the mass-luminosity 

relation. For more detailed discussion on this topic see, 

Andersen (1991) and Torres, Andersen, and Giménez (2010). 

 To probe the presence of (otherwise unseen) perturbers. 

Fragile binaries (binaries whose binding energies are close to 

zero) have orbits that are easily disrupted by encounters with 

other objects such as other stars, molecular clouds, black 

holes, planetary bodies, and in the case of halo binaries, 

Massive Compact Halo Objects (MACHOs). Chanamé and 

Gould (2004) found a large number of fragile halo binaries, 

but Yoo, Chanamé, and Gould (2004) failed to detect a clear 

signature of the disrupting effect of MACHOs on the widest, 

and hence most weakly bound, binaries. What is needed are 

larger samples of confirmed fragile binaries to test the 

disruptive effect or otherwise of MACHOs. 

More reasons can be given for the study of binary double stars than 

those described above. See for example, Chanamé, et al. (2007), 

Hartkopf, Harmanec, and Guinan (2007), and the review paper by 

Maceroni and Sterken (2006). 

The study of optical double stars, on the other hand, apart from 

aiding the calculation of multiplicity ratios, also has an important 

role in observational astrophysics. For example, confirmed optical 

double stars can serve as calibrators of plate scale and rotation. 

This thesis is particularly concerned with wide visual double stars, 

which are double stars with apparent separations greater than 

about 1 arcsecond (”). 
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1.2 AIMS 

Modern, space-based astronomy, from missions such as HIPPARCOS 

(Perryman et al. 1997) and Gaia (Collaboration et al. 2018), has 

opened a new sophisticated avenue of double star studies. These 

space missions give the astrometric measures of a double star, its 

(angular) separation (ρ or Sep) measured in arcseconds (”), and 

position angle (θ or PA) measured in degrees (°), with precisions 

that are 3-4 orders of magnitude more precise than has been 

available to-date from single-aperture ground observations (aside 

from speckle interferometry on close pairs). 

Unfortunately, these space-based measures are over a relatively 

short span of epoch in the case of wide visual double stars, and the 

determination of relative movement can only be determined by the 

combination of historic measures with space-based measures so that 

the epoch span of the data set can be extended up to ~200 years. 

This reality suggests three questions: 

 How accurate are the historic non-space-based measures? 

 How can the inclusion of space-based astrometry lead to better 

estimates of orbits of wide slow-moving binaries? 

 How can the inclusion of space-based astrometry lead to better 

estimates of the rectilinear motion of optical double stars? 

This thesis addresses these questions by: 

i. analysing the precision of the first southern double star 

catalogue of some 253 double stars by James Dunlop 

published in 1829 (hereafter the Dunlop Catalogue);  

ii. compiling a Working Dunlop Catalogue, consisting of 40 double 

stars from the Dunlop Catalogue where both components have 

full data sets from HIPPARCOS and Gaia Data Release 2 (Gaia 

DR2) and are also currently listed in the Washington Double 

Star Catalog (WDS); and  
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iii. developing power-based computational techniques for the 

determination of the orbital elements of long period binary 

systems of short observational arc, and the rectilinear 

elements for optical doubles, and in so doing, differentiate 

binaries and optical doubles within the Working Dunlop 

Catalogue. These computational techniques are applicable to 

general double star work and are not specific to the Dunlop 

pairs, which are only used in these papers to illustrate the 

power of the techniques. 

Therefore, this work is NOT a thesis on the history of astronomy, nor 

an adventure into the early history of Australia. This thesis is an 

attempt to enhance current astronomy/astrophysics using state-of-

the-art data and computational methods, and through the revaluing 

of historic data that is so important in this research area. 

 

1.3 UNIQUENESS OF PRESENTED RESEARCH 

This thesis represents the first attempt to specifically use space-

based astrometry and photometry to: 

a) Assess the accuracy of measures of an old double star 

catalogue. Previous work on old single star catalogues has 

been done by others using data from HIPPARCOS (Verbunt & 

van Gent 2010a, 2010b, 2011, 2012), but not for old double 

star catalogues. 

b) Calculate first order orbital elements for wide, slow moving, 

binary stars which have been measured only over a short arc. 

Here the combination of data from HIPPARCOS with an Epoch 

of 1991.25 and Gaia DR2 with an epoch of 2015.5 are used, in 

addition to the historic measures. 

c) Calculate rectilinear elements for optical stars using data from 

HIPPARCOS and Gaia DR2 with known and small uncertainties, 
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rather than historical data with unknown uncertainties, as was 

done previously. 

 

1.4 OUTLINE OF THESIS 

Chapter 2 presents the literature review or background to the 

present research, and after the preamble, is divided into three 

sections representing the background literature to each of chapters 

3, 4 and 5, respectively. 

Chapter 3 reproduces Paper 1, published in the Monthly Notices of 

the Royal Astronomical Society, and answers the first research 

question, “How accurate are the historic non-space-based 

measures”, by analysing the measures in the Dunlop Catalogue. 

Chapter 4 reproduces Paper 2, published in the Astronomische 

Nachrichten, and answers the second research question, “How can 

the inclusion of space-based astrometry lead to better estimates of 

orbits of wide slow-moving binaries”, by developing and testing an 

iteration-based computational technique for the determination of the 

orbital elements for long period and under sampled arcs relying on 

data from HIPPARCOS and Gaia DR2 and them applying the 

technique to a select sample of binary stars from the Working 

Catalogue. 

Chapter 5 reproduces Paper 3, also published in the Astronomische 

Nachrichten, answers the third research question, “How can the 

inclusion of space-based astrometry lead to better estimates of the 

rectilinear motion of optical double stars?” 

Chapter 6 is a discussion and conclusion to the thesis, where the 

results of the three papers are brought together and their 

implications discussed. 
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CHAPTER 2: LITERATURE REVIEW: RESEARCH 

BACKGROUND 

 

2.1 PREAMBLE 

This research grew out of an initial interest in the scientific output of 

the Parramatta Observatory which operated between 1822 and 1839 

on the grounds of Government House about 20 km west of central 

Sydney (Australia). This early interest resulted in seven papers in 

the Journal of Double Star Observations, a non-ranked, web-based 

journal (Letchford, White, & Ernest 2017, 2018a, 2018b, 2019a, 

2019b, 2019c, 2019d). Further studies of the Parramatta 

Observatory, its research output, staff and heritage can be found in 

Haynes et al. (1996), Richardson (1835), Saunders (1990), 

Saunders (2004), Schaffer (2010), and other references listed in the 

Introduction to Paper 1. A succinct overview of James Dunlop and 

his work is available in Argyle, Swan, and James (2019), p. 21. 

This review will examine some of the scholarly works forming the 

research background of Papers 1, 2 and 3 (Chapters 3, 4 and 5, 

respectively of this thesis). Section 2.2 outlines both a history and 

current status of double star catalogues, astrometry and magnitude 

estimation. Section 2.3 will then summarise the history and current 

status of binary orbit calculation, and Section 2.4 will review the 

literature on the description of rectilinear motion of optical double 

stars. 

 

2.2 DOUBLE STAR CATALOGUES AND ASTROMETRY 

Paper 1 (Chapter 3) assesses the accuracy of the measures 

contained in the first published catalogue of double stars in the 

southern hemisphere, the Dunlop Catalogue. An appreciation of the 
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background to this study requires some awareness of both double 

star catalogues, and the state of astrometry and visual magnitude 

estimation at the time of the Dunlop Catalogue (1829), as well as 

what is available today. 

 

2.2.1 The Dunlop Catalogue 

Published in the Monthly Notices of the Royal Astronomical Society 

in 1829 as Approximate Places of Double Stars in the Southern 

Hemisphere, observed at Parramatta in New South Wales by James 

Dunlop (Dunlop 1829), the paper represented the first dedicated 

southern double star catalogue. It consists of (incomplete) measures 

of a purported 253 double stars in the southern hemisphere south of 

-23° declination arranged in order of right ascension. A more 

complete description is given in Section 2 of Paper 1. Right 

ascensions and declinations of the primary star are given to the 

nearest sidereal second and arcminute, respectively. The smallest 

noted separation is 2 arcseconds and apparent visual magnitudes 

are estimated to the nearest half magnitude. 

Many other catalogues and lists of double stars followed in the 19th 

and 20th centuries, most notably that of F. G. Wilhelm Struve who 

worked in Dorpat, Russia, now Tartu in Estonia (Struve 1822, 1827, 

1837; Struve & Struve 1840). In 1964, with the support of 

International Astronomical Union (IAU) Commission 26, the central 

depository of double star measures was transferred to the United 

States Naval Observatory (USNO) and renamed the Washington 

Double Star Catalog (van de Kamp 1966). The earliest measure of a 

double star in the WDS is 𝜇 Draconis (STFA 35), with a first measure 

date of 1690. Now over 154,000 double stars are catalogued in the 

WDS. 
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The need for Visual Double Star catalogues grew originally from the 

race to identify optical double stars from which parallax (stellar 

distances) could be detected and measured. With William’s 

Herschel’s discovery of binary stars (Herschel 1803) and Savary’s 

proof that their orbits follow Keplerian laws (Savary 1827a, 1827b), 

the continuous measuring and discovery of binary stars held the 

opportunity of directly measuring stellar distances and masses. 

Today, the discovery, measuring and cataloguing of double stars 

remains crucial for many astrophysical problems, notably stellar 

formation and evolution (Section 1.2). 

 

2.2.3 Astrometry 

Astrometric precision (and visual magnitude estimates) has 

increased markedly over the last two centuries since the publication 

of the Dunlop Catalogue. The foundation of double star studies is the 

precision measurement of their position angles and separations. 

These are referred to as “measures”. Early measures remain crucial 

in determining the Orbital Elements of wide binary stars with long 

periods. An understanding of historic positional uncertainties can 

lead to tighter estimates of the orbital parameters of binary systems 

thus contributing to better estimates of fundamental stellar 

parameters.  

Erik Høg’s most recent work on the history of astrometry (Høg 

2017), contains a plot tracing the astrometric accuracy of single star 

catalogues over the past 2000 years (Figure 1). From Figure 1, and 

the work of Morton Grosser (1979), p. 15, it is estimated that during 

the period of double star observations at the Parramatta Observatory 

in the 1820s, the prevailing positional accuracy for single stars was 

approximately 5’’. A steady increase in positional accuracy occurred 

in the following 170 years until the HIPPARCOS mission. 
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According to Figure 1, the HIPPARCOS mission improved positional 

accuracy by two orders of magnitude to ~1 mas (milliarcseconds) 

over 1990’s single-aperture ground-based positions and Gaia 

improved that again by another two orders of magnitude to ~0.01 

mas (in Gaia DR2). HIPPARCOS mean uncertainties in right 

ascension at 1991.25 for the primary stars in the Dunlop Catalogue 

are ~6.1 mas and in declination the uncertainty is ~3.4 mas. Mean 

uncertainties both in right ascension and declination at 2015.5 from 

Gaia DR2 for the primary stars in the Dunlop Catalogue are ~0.1 

mas. Because the accuracy of Gaia DR2 is more than three orders of 

magnitude better than anything expected from Dunlop, this justified 

neglecting the uncertainties in Gaia DR2 when it came to comparing  

the measures in the Dunlop Catalogue with precessed Gaia DR2 

positions (see further Paper 1, Chapter 3, Section 3.4). This is  

Figure 1: Evolution of astrometric accuracy during the past 
2000 years (Høg, 2017). 
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illustrated in Figure 2 a plot of DUN 178AC depicting rectilinear 

motion of the secondary compared to the primary. The error or 

distance of Dunlop's measure (green +) from the calculated relative 

position of the secondary for 1826.0 is 13.8", whereas the error 

Figure 2: The standard deviation (SD) of historic measures 
compared to the computed orbit of α Cen AB on a decade-by-
decade basis (White, Letchford, & Ernest 2018). 
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ellipses for the HIPPARCOS (at 1991.25) and Gaia DR2 (at 2015.5) 

positions have an approximate radius of 0.46 mas and 0.043 mas, 

respectively. 

With respect to uncertainties in single-aperture historic/ground-

based measures, White et al. (2018), published estimates of the 

accuracy of double star measures (Figure 3) by comparing historic 

measures of α Cen AB with the published orbit from the Sixth Catalog 

of Orbits of Visual Binary Stars (Matson et al. 2020). Figure 3 shows 

the estimated accuracy of position angle in the decade 1820–1830 

was ~4°, and that of separation measures ~0.5’’. As α Cen AB is one 

Figure 3: Rectilinear motion of DUN 178AC. The primary is 
represented by the large plus sign. Dunlop's 1826.0 relative 
position of the secondary is represented by the small green 
plus sign. The HIPPARCOS position at 1991.25 is represented 
by a red square and the Gaia DR2 position at 2015.5 by a red 
asterisk. For further details of the Figure see Section 4 of 
Paper 3 (Chapter 5). 
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of the most comprehensively studied binary systems, they argued 

that these uncertainties in the measures represent the standard of 

double stars astrometry against which the historic work of others, 

such as Dunlop, can be related. 

 

2.2.4 Visual magnitude estimation 

Apart from providing positions of the primary, and measures of 

position angle and separation, the Dunlop Catalogue also gives 

estimates of apparent visual magnitudes. 

The 1820s magnitude scales were far from uniform and were made 

"principally as an aid to identification” (Hearnshaw 1996, p. 16), and 

in the case of double stars, to distinguish the primary (brighter of 

the two) and the secondary. The adopted Ptolemy scale on which all 

magnitude scales were based at the time was not logarithmic (Dobler 

2002; Grasshoff 1990; Toomer 1984; Verbunt & van Gent 2012) and 

this caused even greater variation when it came to classifying 

magnitudes of faint stars seen only in the telescope (Hearnshaw 

1996). 

It was not until 1905 that the modern logarithmic Pogson ratio of 

apparent visual magnitude became standard with the work of 

Edward Pickering (Fujiwara & Yamaoka 2005; Jones 1968; Pickering, 

Searle, & Wendell 1884; Pogson 1856). Nevertheless, from the work 

of Milone and Sterken (2011), where modern measures of 

magnitudes are directly compared with those from the last two and 

a half centuries, the mean difference is only ~±0.3 magnitudes 

(Figure 4) in the 1820s. 

In comparing space-based measures of apparent visual magnitudes 

with those in the Dunlop Catalogue in Paper 1, photometry from Gaia 

DR2 was employed. However, since Gaia DR2 does not come with  
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apparent visual magnitudes, algorithms supplied by the European 

Space Agency to convert from G (G-band mean magnitude) and the 

BP-RP colour (Integrated BP mean magnitude - Integrated RP mean 

magnitude) to the Johnson-Cousins (V) system used in Paper 1 are 

as follows: 

𝑉 = 𝐺 − 0.01760 + 0.006860(𝐵𝑃 − 𝑅𝑃) + 0.1732(𝐵𝑃 − 𝑅𝑃)ଶ 

The correction for saturation is: 

𝐺 = 𝐺 − 0.047344 + 0.16405G − 0.046799Gଶ + 0.0035015𝐺ଷ 

And applies when 2.0 < G < 6.5. Many Dunlop stars fall in this 

magnitude range. 

The mean uncertainty in G for the double stars in the Dunlop 

Catalogue is ~ ±0.002 mag. 

Figure 4: Evolution of precision of magnitude estimates (Milone 
& Sterken 2011). 
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As with astrometric data (section 2.2.3), converted photometric data 

from Gaia DR2 is considerably more accurate than what can be 

expected in the Dunlop Catalogue. Again, this justified neglecting the 

uncertainties in V magnitudes from Gaia DR2 when comparing them 

to those in the Dunlop Catalogue. 

 

2.3 CALCULATING ORBITS OF BINARY STARS 

Of the over 154,000 double stars in the WDS, computed orbits are 

available for just over 3,300 in the Sixth Catalog of Orbits of Visual 

Binary Stars, also maintained by the USNO. Paper 2 (Chapter 4) 

presents a new method of estimating first order orbits which can be 

applied to any orbit but is especially suited to wide visual binary stars 

that have been measured only over a small portion of their orbit. For 

well-defined orbits or orbits with at least about half of their orbit 

populated with measures, two methods are currently employed to 

obtain the seven orbital elements that define the motion of the 

secondary about a fixed primary. 

The Kowalski method derives five of the seven Orbital Elements from 

the constants of the Cartesian form of the general equation for the 

apparent relative ellipse (Aitken 1964; Glasenapp 1889; Green 

1985; Kowalski 1873) and forms a part of the method presented in 

Paper 2 (Chapter 4). The second method is the ‘Thiele-Innes-Van-

den-Bos’ method (Thiele 1883; van den Bos 1926, 1932, 1962) 

which depends on three observed positions and the areal constant, 

improved by using Cartesian instead of polar coordinates (Aitken 

1964; Green 1985). Both methods are still used today, although the 

‘Thiele-Innes-Van-den-Bos’ method is often modified in the way 

presented in Hartkopf, McAlister, and Franz (1989). The results of 

both methods are frequently improved with differential corrections 
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(Aitken 1964; Alzner 2012; Heintz 1978; Hirst 1944; van den Bos 

1937). 

Two attempts have been made to describe the orbits of binary stars 

with short arcs. First, the ‘Kovole’ method which is a modified version 

of the Kowalski method (Olević & Cvetković 2004, 2005). Second is 

a modified version of the ‘Thiele-Innes-Van-den-Bos’ method 

(Docobo 1985; Docobo & Hestroffer 2012; Docobo, Ling, & Prieto 

1992; Docobo, Tamazian, & Campo 2018; Pearce, Wyatt, & Kennedy 

2015). Prior short-arc work is also documented in Pearce, et al. 

(2015) and Docobo, et al. (2018). However, closer inspection of 

these attempts reveals that their short arcs are either at least a third 

of an orbit, or more than one short arc scattered over the orbit. No 

method to date has addressed the case of a single short arc or used 

space-based astrometry as the foundation of a technique to obtain 

orbits from short arcs, as achieved in Paper 2 (Chapter 4). 

 

2.4 CALCULATING THE RECTILINEAR MOTION OF 

OPTICAL DOUBLE STARS 

The Second Catalog of Rectilinear Elements (SCORE, also known as 

LIN2) is an online repository of Rectilinear Elements of over 1,200 

double stars (Hartkopf & Mason 2020). The targets identified in this 

catalogue are thought to be optical double stars and therefore the 

motion of the secondary compared to a fixed primary is described by 

a straight line. The SCORE, like the WDS, is also maintained by the 

USNO. Paper 3 (Chapter 5) presents a new method of calculating 

these Rectilinear Elements which reduces the uncertainties of these 

Elements on average by an order of magnitude compared with those 

currently in the SCORE. 

The first attempt to describe the relative linear motion of an optical 

double star was by Schlesinger and Alter (1912) (they provide no 
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references to earlier work), who used a least squares method on 

historic measures after precession to a common equinox. Debehogne 

and de Freitas Mourao (1977), who undertook a comparison between 

the least-squares method and that of mean places with differential 

corrections, opted for the least-squares method as the best then 

available. Equations for the least-squares method can be found in 

Torres (1988). The Rectilinear Elements in the SCORE result from 

the least-squares method applied to weighted historic measures, 

where the weighting system is described in Mason, Douglass, and 

Hartkopf (1999), Hartkopf, Mason, and Worley (2001a) and 

Hartkopf, McAlister, and Mason (2001b). Only ‘in-house solutions’ 

(USNO) are currently accepted into the SCORE.  

Chapters 4 and 5 depend on the correct crossmatching of both the 

primary and secondary stars in the Dunlop Catalogue with 

HIPPARCOS (via ASCC) and Gaia DR2 source identifiers. This 

crossmatching is the first step associated with Paper 1.
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CHAPTER 3: PAPER 1 - ASSESSMENT OF THE 

ACCURACY OF MEASURES IN THE 1829 

SOUTHERN DOUBLE STAR CATALOGUE OF 

JAMES DUNLOP 

 

3.1 INTRODUCTION 

Paper 1 assesses the accuracy of measures in the 1829 double star 

catalogue of James Dunlop (Dunlop 1829) the Dunlop Catalogue. 

This was done by cross matching the double stars in the Dunlop 

Catalogue with source identifiers from the latest release from the 

Gaia space mission, Gaia DR2, precessing the Gaia DR2 positions 

using proper motion, parallax data and nutation to the equinox date 

of the Dunlop Catalogue. Best fit regressions were then conducted 

to compare these calculated positions with those from the Dunlop 

Catalogue. 

Seven percent of the double stars in the Dunlop Catalogue could not 

be identified, 14 were single stars, and 13 were double stars (5%) 

not currently listed in the WDS. The catalogue equinox was 

determined as B1826.0. Overall, one sigma uncertainties in right 

ascension were within 1 sidereal minute and declinations within 10 

arcminutes. A number of quadrant errors were identified which 

resulted in corrected position angles with an average uncertainty of 

70°”/separation”. Separations were within 7%, and apparent visual 

magnitudes were within 1 visual magnitude. Dunlop’s little-known 

catalogue remains valuable as the earliest source of over 200 double 

star astrometric and visual magnitude estimates. 

Letchford, R. R., White, G. L., & Brown, C. J. 2022, MNRAS, 510, 

5330-5347. https://doi.org/10.1093/mnras/stab3777.
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3.2 PAPER 1 AS PUBLISHED 
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3.3 LINKS AND IMPLICATIONS FOR NEXT STUDY 

Machine-readable data generated as part of Paper 1 is available 

online as one file and is reproduced in this thesis in Appendix A, B 

and C and form part of the Supplementary Online Material 

downloadable from the web site of Paper 1 

(https://doi.org/10.1093/mnras/stab3777). Columns 20 and 21 (of 

Appendix B) list the ASCC source identifiers and columns 22 and 23 

(of Appendix B) the Gaia DR2 source identifiers for the primaries and 

secondaries, respectively, of the Dunlop Catalogue where available.  

Positional and other parameters from the ASCC and Gaia DR2 

databases form the input data for two new techniques. One 

technique is used to obtain first order orbital elements of some wide 

visual binary stars with short and/or incomplete arcs from the 

Dunlop Catalogue (Chapter 4, Paper 2). The other technique is used 

to obtain Rectilinear Elements for optical double stars (Chapter 5, 

Paper 3) where uncertainties are at least an order of magnitude 

smaller than currently published in the SCORE. 
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CHAPTER 4: PAPER 2 - ORBITAL ELEMENTS OF 

VISUAL BINARY STARS WITH VERY SHORT 

ARCS: WITH APPLICATION TO DOUBLE STARS 

FROM THE 1829 SOUTHERN DOUBLE STAR 

CATALOGUE OF JAMES DUNLOP 

 

4.1 INTRODUCTION 

Paper 2 presents a new technique for calculating first order orbits of 

wide slow moving binary stars making particular use of astrometric 

data from the HIPPARCOS (via ASCC) and Gaia (using Gaia DR2) 

space-based missions. Starting with the 40 double stars from the 

Working Dunlop Catalogue (consisting of double stars from the 

Dunlop Catalogue where both components have full data sets from 

HIPPARCOS and Gaia Data Release 2 and are also currently listed in 

the Washington Double Star Catalog), five were confirmed to be 

binary stars, based on three criteria (their binding energy must be 

< 0, components must be within 1pc of each other, and display 

common proper motion). After testing the new technique for 

estimating first order orbital elements on known binary stars with 

better defined orbits, the method was applied to the five confirmed 

wide binary stars in the Working Dunlop Catalogue. 

The mean orbital period of the five binary stars is ~81,000 years, 

the mean semi-major axis is ~76’’, and a typical uncertainty of all 

seven Orbital Elements is ~37%. Their Orbital Elements and 

associated plots are also presented. 

 

Letchford, R. R., White, G. L., & Brown, C. J. 2022, Astron. Nachr., 

343, 1-13. e20210113. https://doi.org/10.1002/asna.20210113. 
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4.2 PAPER 2 AS PUBLISHED 
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4.3 LINKS AND IMPLICATIONS FOR NEXT STUDY 

The method used in Paper 2 to detect confirmed binary double stars 

was modified and then applied in Paper 3 to detect confirmed optical 

double stars from the Working Dunlop Catalogue. Binary double 

stars are here defined as double stars whose binding energy is less 

than zero. Therefore, any double star which is not a binary star, that 

is, whose binding energy is greater than zero, is unbound and 

therefore must be considered as an optical double star. A new 

technique was developed to describe their relative motion in a 

straight (rectilinear) line. 
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CHAPTER 5: PAPER 3 - RECTILINEAR ELEMENTS 

OF VISUAL OPTICAL DOUBLE STARS: WITH 

APPLICATION TO THE 1829 SOUTHERN DOUBLE 

STAR CATALOGUE OF JAMES DUNLOP 

 

5.1 INTRODUCTION 

Paper 3 proposes a new technique for characterising the rectilinear 

motion of the secondary of a confirmed optical star with that of a 

fixed primary. A similar method employed in Paper 2 used to confirm 

the presence of a binary star was modified to confirm the presence 

of an optical double star. The new technique to characterise 

rectilinear motion is then presented, tested on a select set of double 

stars from the SCORE, and then applied to the 14 confirmed optical 

double stars in the Working Dunlop Catalogue. The resultant 

uncertainties are, on average, an order of magnitude smaller than 

the method currently accepted in this field. 

 

Letchford, R. R., White, G. L., & Brown, C. J. 2022, Astron. Nachr., 

343, 1-14, e20220018. https://doi.org/10.1002/asna.20220018. 

 

  



 

  

5.2 PAPER 3 AS PUBLISHED 
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CHAPTER 6: DISCUSSION AND CONCLUSION 

 

This thesis explored the use of space-based astrometry from the 

HIPPARCOS (via ASCC) and Gaia (via Gaia DR2) missions together 

with historic data to advance double star studies. Firstly, the 

accuracy of the measures contained in the 1829 double star 

catalogue of James Dunlop was investigated and a subset of the 

catalogue, the Working Dunlop Catalogue, delineated. 

Computational techniques were then developed which extend the 

current ability to calculate first order orbits of wide slow moving 

binary stars and applied to the confirmed binary stars in the Working 

Dunlop Catalogue. Further computational techniques were proposed 

which described the rectilinear (straight line) relative motion of 

optical double stars and applied to confirmed optical double stars in 

the Working Dunlop Catalogue. 

The three published papers introduced in this thesis were, in the 

opinion of the author, pioneering in double star astronomy, and the 

techniques introduced in these papers are directly applicable to 

historic data and space-based data. This work can pioneer a better 

understanding of this fundamental research area, and the 

astrophysical work that follows. 

 

6.1 DISCUSSION 

6.1.1 Paper 1 - Accuracy of measures in the Dunlop 

Catalogue  

Paper 1 (Chapter 3) aimed at answering the research question, “How 

accurate are the historic non-space-based measures?”. The double 

star catalogue of James Dunlop, the Dunlop Catalogue (Dunlop 

1829), was chosen as a case study for a variety of reasons. It is the 
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first published catalogue of southern double stars, and because of 

the limits of resolution in the telescopes available to Dunlop, was 

likely to contain a high number of wide double stars which are 

suitable candidates for the analyses in Papers 2 and 3. 

The results from the Dunlop Catalogue as a whole (not separated 

according to the telescope used) were that the mean position angles 

are within 70°”/separation” (i.e., 1 degree at a separation of 70 

arcseconds, and increasing with decreasing separations), 

separations within 7%, and apparent visual magnitudes were/are 

within 1 mag.  

Although there were numerous exceptions, many of the measures in 

the Dunlop Catalogue compare well with similar contemporary 

measures in the 1820s. This, despite being equipped with less than 

state of the art equipment. 

Two aspects that degraded the usability of the Dunlop Catalogue 

were a number of typographical errors and the incomplete nature of 

the catalogue itself. In addition, the research highlighted the large 

number of “quadrant errors” made by Dunlop, most of which were 

able to be corrected after comparison with precessed Gaia DR2 

positions. 

In the wider context of double star catalogues in general, the Paper 

establishes a methodology for assessing the accuracy of double star 

catalogues, something that has not be undertaken to date. It 

highlighted the need to distinguish not only between observers, but 

between the instruments used. More importantly, the paper provides 

a method of objectively quantifying these uncertainties.  

If Paper 1 is followed by similar accuracy assessments on other 

double star catalogues, a more useful set of measures, with 

improved uncertainties can be obtained, and thus to more accurate 

determinations of orbital motion (or rectilinear motion). This will, in 
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turn, give better estimates of the astrophysical parameters of stars 

and stellar systems. 

 

6.1.2 Paper 2 - Orbital Elements of visual binary stars 

with very short arcs  

In Section 1.2 the second research question posed was, “How can 

the inclusion of space-based astrometry lead to better estimates of 

orbits of wide slow-moving binaries?”. 

A preliminary issue to be addressed was the validity of the binary or 

rectilinear motion of the stars. In Paper 2, and again in Paper 3, this 

question is answered using various tests for validation of 

gravitational binding, the most definitive of which is the “binding 

energy test”. 

Two problems are present in current techniques for calculating the 

orbits of wide binary stars. 

i. Binaries with orbital periods ~<100 years, i.e., with around 

half or more of the orbit mapped. The procedure is to use 

historic measures, assign weights to the measures using 

subjective criteria (Hartkopf, et al. 2001b; Mason, et al. 1999) 

and then use either the Kowalski or the Thiele-Innes-Van-den-

Bos (or a combination of both) method to obtain orbits, and 

then perhaps, use differential corrections to improve the 

orbital parameters. The problem here is the use of subjective 

weighting which is neither published nor repeatable. 

ii. Binaries with orbital periods ~>1000 years, i.e., where 

measures cover only a small section of the orbit. There is no 

current technique, other than the one presented in Paper 2. 

There have been attempts to calculate orbits where there are 

a few measures scattered over the orbit, or a few short arc 

sections similarly scattered (see Section 2.3), however no 
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method, except for Paper 2, has addressed the case of a single 

short arc or used space-based astrometry as the technique to 

obtain orbits from short arcs. 

Orbital elements of type ii pairs are found the Sixth Catalog of Orbits 

of Visual Binary Stars maintained by the USNO (United States Naval 

Observatory) and given a grade 5 orbit. Grade 5 orbits are those 

with orbital elements that “may not even be approximately correct”, 

the arc of measures being “short with little curvature” 

(http://www.astro.gsu.edu/wds/orb6/orb6text.html). 

The technique presented in Paper 2 addressed both issues 

(weighting and short arcs) by relying on two space-based positions, 

that of HIPPARCOS and Gaia, and the raw values of the historic 

measures. Following this, the five confirmed binary stars in the 

Working Dunlop Catalogue have a mean period of ~81,000 years 

(extending the current mean period of grade 5 orbits from ~18,000 

years), a mean semi-major axis of ~76”, and a mean uncertainty of 

the orbital elements of ~37%. These orbital elements are offered for 

inclusion in the Sixth Catalog of Orbits of Visual Binary Stars. 

The technique published in Paper 2 used a number of constraints to 

reduce the inevitably large family of possible orbits. Two of the most 

important constraints were the following: 

 Any calculated positions at the HIPPARCOS and Gaia DR2 

epochs (1991.25 and 2015.5, respectively) must be within the 

1-sigma uncertainty ellipses of their space-based positions. 

 Any orbit must have the total residuals from the historic data 

greater than the residuals generated by the historic data from 

a rectilinear line drawn through the HIPPARCOS and Gaia DR2 

positions. 

The resulting technique was tested against a grade 3 orbit (that of 

STF 2026AB), the parameters for which are published in the Sixth 
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Catalog of Orbits of Visual Binary Stars. The two orbits compared 

well, and the technique was applied to determine grade 5 orbits for 

five confirmed binary stars in the Working Dunlop Catalogue. 

The success of the technique depends on the veracity of the 

constraints and the criteria for choosing the best set of elements 

from the resulting family of orbits. Relaxing the constraints does 

result in orbits with smaller historic data residuals but produces a 

larger family of possible orbits with a larger set of uncertainties for 

the orbital elements. 

The criteria for choosing the best set of elements from the resulting 

family of orbits was to select the orbit with the lowest total residuals 

from the historic data, with the uncertainties of each element taken 

from a weighted standard deviation of the elements of all orbits 

whose residuals were less than those produced by a straight line 

through the HIPPARCOS and Gaia DR2 positions. 

While the method for estimating the uncertainties for each orbital 

element seems reasonable, it should be noted that the best orbit is 

not necessarily the one with the lowest residuals. While this is likely, 

the problem here is again the probable large uncertainties in early 

measures, for which Paper 1 provides a possible solution. 

The computation of the orbital elements in Paper 2 can also generate 

orbital elements for optical pairs (non-orbiting pairs) where the 

curvature of the rectilinear plot is found only with the inclusion of 

large uncertainties in the historic measures. Hence the important 

preliminary step in Paper 2 was to provide criteria for confirming that 

a given double star is in fact a binary star. Confirmation of binarity, 

or otherwise, does not appear to be always undertaken, as 23 

individual double stars have elements in both the Sixth Catalog of 

Orbits of Visual Binary Stars and the Second Catalog of Rectilinear 

Elements (They are, in order of right ascension: J 868, STF 315, STF 



 

72 

 

326AB, STF 360, RMK 4, STU 2051AB, CHR 153, STF, 572AB, D 5AB, 

J 47, BU 1008, JSP 132AB, J 703, A 2762, J 1011, STF 1608AB, STF 

1619AB, I 425, BU 346, STF 1890, STF 2135AB, MAD 7AC, STF 

2804AB). 

I propose this method of computation of the elements of wide binary 

stars to the astrometric community. 

 

6.1.3 Paper 3 - Rectilinear Elements of visual optical 

double stars  

Paper 3 attempted to answer the third research question (Section 

1.2), “How can the inclusion of space-based astrometry lead to 

better estimates of the rectilinear motion of optical double stars?” 

Rectilinear motion characterises the relative motion of the secondary 

companion of an optical star compared to a fixed primary. Currently, 

this motion is described using a least squares method applied to 

subjectively weighted historic data (Hartkopf, et al. 2001b; Mason, 

et al. 1999). The USNO which maintains the Second Catalog of 

Rectilinear Elements, currently uses this method. 

In contrast, the technique proposed in Paper 3 mathematically 

described such motion using the two high-precision points from 

HIPPARCOS and Gaia DR2. This resulted in the reduction of 

uncertainties of at least an order of magnitude without the use of 

subjective weighting. The historic measures can be added to the 

resulting rectilinear plot to confirm the rectilinear motion of the 

secondary companion.  

In Paper 3, 14 confirmed optical double stars from the Working 

Dunlop Catalogue had their Rectilinear Elements calculated, and 

motions plotted using this technique. This technique will produce 

elements with significantly smaller uncertainties because it only uses 
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two positions, and those positions have inherently small 

uncertainties due to their space-based origins.  

I propose that the method of Paper 3 is superior to the current 

method in that it: 

 removes the necessity for assessment of weights to historic 

measures, but allows an inspection of deviation from 

rectilinear motion, that can be assessed (and corrected in 

retrospect if warranted); and 

 fixes the equinox of the rectilinear elements to precisely 

2000.0 and does not move with the inclusion of new measures. 

As stated, the resulting uncertainties in the elements are smaller, 

being dominated by the precision of the space-based measures. 

 

6.2 AVENUES FOR FUTURE RESEARCH 

During this research, many avenues of possible research suggested 

themselves. Presented here are the most important. 

Many nineteenth and early twentieth century southern hemisphere 

double star catalogues would benefit from a similar analysis to that 

in Paper 1. Of particular interest to the author would be the 

catalogues that have come out of Australia such as: 

 The southern double star catalogue of Carl Rümker (Rümker 

1832), who also worked at the Parramatta Observatory 

alongside James Dunlop; 

 The double stars noted in the Brisbane Catalogue (Richardson 

1835), which also came out of the Parramatta Observatory; 

 A catalogue of double stars produced by Henry C. Russell of 

the Sydney Observatory (Russell 1882); 

 A catalogue of double stars produced by Robert Ellery of the 

Melbourne Observatory (Ellery 1877); and 
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 The many measures of double stars made by John Tebbutt and 

published in 17 papers in the Monthly Notices of the Royal 

Astronomical Society between 1885 and 1915 (Tebbutt 1885, 

1915). 

These catalogues and the measures of John Tebbutt represent the 

most important double star work undertaken in Australia in the 

nineteenth and early twentieth centuries. Their contributions provide 

long-base line measures, where their usefulness can only be 

enhanced with estimates of their uncertainties. 

One of the necessary steps prior to presenting the new technique of 

estimating first order orbits of binary stars in Paper 2 and 3 was to 

confirm that the double stars undergoing the technique were in fact 

(or not) binary stars. This was done by taking the definition of a 

binary star (binding energies less than zero) and imposing two other 

conditions for binarity: their physical separations must be less than 

1 pc, and they must exhibit common proper motion. 

A desirable series of future projects would be to calculate these three 

parameters (binding energy, physical separation, and proper 

motions) for each of the binary stars in the Sixth Catalog of Orbits 

of Visual Binary Stars, and to further characterise the parameters in 

terms of their orbital grades. This would provide valuable feedback 

on the use of these parameters to confirm the presence of binary 

stars and provide a measure of the reliability of the measured 

parameters.  

The technique of calculating first order orbits of wide slow-moving 

binaries can also provide first order orbits for many binary stars 

whose orbits have not yet been determined or whose orbital 

elements are incomplete. It can also determine improved first order 

orbits for already published grade 5 orbits in the Sixth Catalog of 

Orbits of Visual Binary Stars. 
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Another project stemming from Paper 2 would be a comprehensive 

examination of the different methods of determining the orbital 

parameters of binary stars that have been proposed since that of 

Félix Savary in 1827. See (1896) gave a sketch of such attempts at 

his time, but there are no known other accounts since. Aitken (1964) 

does however, provide a similar historical overview to that of See 

(1896) and a thorough presentation of the Kowalski and Thiele-

Innes-van den Bos methods. These techniques should be revised and 

reviewed now that space-based data is available and computing tools 

are more powerful. 

The technique of determining Rectilinear Elements for confirmed 

optical double stars as given in Paper 3, has the potential to provide 

many sets of Rectilinear Elements of confirmed optical stars, 

including those with few historic measures, and reduce the 

uncertainties of others. Again, calculating the binding energies, 

physical separations and comparing proper motions with the double 

stars in the Second Catalog of Rectilinear Elements would enable the 

characteristics of the three parameters in optical double stars to be 

determined. This would likely result in the detection of some binary 

stars in the Second Catalog of Rectilinear Elements. 

In addition, because of the low resulting uncertainties and 

completely objective nature of the proposed technique to describe 

the rectilinear motion of optical double stars, this would also be an 

ideal environment to retrospectively measure the uncertainties of 

individual observers over all measured optical double stars. These 

uncertainties could then be applied particularly to the binary star 

measures of the individual observers which in turn would contribute 

to improved Orbital Elements. This would be achievable in 

collaboration with the United States Naval Observatory and the full 

digital data set that is stored by this organisation. 
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6.3 CONCLUSION 

The Aims of this thesis (Section 1.2) emphasised that modern space-

based astronomy has opened a new sophisticated avenue of double 

star studies with precisions that are 3 - 4 orders of magnitude more 

precise than has been available to-date from single-aperture ground 

observations (aside from speckle interferometry on close pairs). 

The Aims also suggested three questions which were addressed in 

the thesis: 

 How accurate are the historic non-space-based measures? 

 How can the inclusion of space-based astrometry lead to better 

estimates of orbits of wide slow-moving binaries? 

 How can the inclusion of space-based astrometry lead to better 

estimates of the rectilinear motion of optical double stars? 

This thesis addressed these questions in three published papers, 

Papers 1, 2 and 3, reproduced in Chapters 3, 4 and 5, respectively, 

of this thesis. 

The conclusion of the thesis is therefore that: 

 the accuracy of historic data can be assessed and improved 

by comparing the historic data against space-based data, and  

 that the inclusion of space-based data (together with historic 

data sets), and the use of power-based computational 

techniques, opens the possibility of the better determination 

of the orbital and rectilinear elements of long period binary 

stars and optical double stars, respectively. 
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APPENDIX 

 

Supporting information in the form of machine-readable data 

compiled by the first author forms the online supplementary 

information for Paper 1, available at: 

 

 https://doi.org/10.1093/mnras/stab3777.  

 

Although one file, it can be divided into three sections. These 

sections are reprinted here under Appendix A, B and C. 
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APPENDIX A 

 

Table 1: Digitised version of the Dunlop Catalogue. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

No. Name RA_DUN DE_DUN 
Angle_ 
of_Pos Quad1 Quad2 Dist1 Dist2 delta_RA delta_DE vA vB vC Remarks 

  (h:m:s) (d:m:s) (d:m)   ('') ('') (s) ('') (mag) (mag) (mag)  

1 β1 β2 
Toucani* 

00 23 16 -63 56 84 5 np    0.607 24.860 4 4  Double L. C. 

2 λ Toucani* 00 44 50 -70 28  sf     6.620 6 7   

3 Anonym. 01 19 43 -33 31        7   

A very singular 
star of the 7th 
magnitude, of 
an uncommon 
red purple 
colour, very 
dusky and ill 
defined; 3 obs, 
on this star; a 
small star 
preceding, and 
another 
following. 

4 100 
Phoenicis* 

01 32 11 -54 18 17 27 sf  15.809    6 8   

5 δ Eridani* 01 33 24 -57 04 73 6 nf  2.5    6.5 6.5  
Very nearly 
equal. Pretty d. 
Star. 

6 φ Eridani 02 10 12 -52 20 50 0 sp  90    4 12   

7 Anonym. 02 34 57 -60 21 20 0 np  35    8 8   

8 41 App. 
Chemici* 

02 50 37 -25 40 49 6 sp      7 7   
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

No. Name RA_DUN DE_DUN 
Angle_ 
of_Pos Quad1 Quad2 Dist1 Dist2 delta_RA delta_DE vA vB vC Remarks 

  (h:m:s) (d:m:s) (d:m)   ('') ('') (s) ('') (mag) (mag) (mag)  

9 θ Eridani* 02 51 19 -41 00 1 37 nf  10.81    4 6   

10 Anonym. 02 58 14 -52 01 15 0 nf  30    8 9   

11 Anonym. 03 03 14 -59 03  s  10    8 12  
A triangle of 
stars. The 
following a 
double star. 

12 Anonym. 03 10 42 -65 01 8 0 sf  14    6 12   

13 172 Eridani 03 31 24 -40 41        5 8 9 
A triangle of 
stars. Large star 
fine yellow. 

14 Anonym. 03 33 32 -60 22 10 0 np  45    7.5 8   

15 184 Eridani* 03 33 49 -40 55 64 55 np  4    6 7   

16 207 Eridani* 03 42 09 -38 10 67 48 sp  7    5 5.5   

17 Anonym* 03 57 16 -54 49 49 23 sf  63 41  38.820 7 8 8 
A triangle of 
stars. 

18 ι Pictoris* 04 46 28 -53 46 30 4 nf  12.547  1.137 6.659 6 7   

19 κ Columbae* 05 10 17 -33 44 48 12 sp      7 7   

20 θ Pictoris* 05 20 00 -52 28 14 4 np  38.516  4.190 9.055 6 7   

21 25 Pictoris 05 25 37 -47 12       19.000 6 7   

22 26 Pictoris* 05 26 31 -42 26 80 7 sf  5.534    6.5 7   

23 53 Pictoris 06 01 07 -48 26 59 0 np  3    7 7  Very pretty d. 
Star. 

24 58 Pictoris 06 07 21 -54 55    2    6 10  A close double 
star. 

25 Anonym. 06 12 05 -32 06        6 8   

26 Anonym* 06 12 11 -65 36 22 5 nf    3.183 8.130 7 8   

27 Anonym* 06 13 27 -59 06      5.175 42.230 6 7   

28 11 Argûs* 06 18 40 -36 37 25 33 nf    5.142 30.620 7 7  Double L. C. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

No. Name RA_DUN DE_DUN 
Angle_ 
of_Pos Quad1 Quad2 Dist1 Dist2 delta_RA delta_DE vA vB vC Remarks 

  (h:m:s) (d:m:s) (d:m)   ('') ('') (s) ('') (mag) (mag) (mag)  

29 21 Argûs* 06 24 12 -40 16      5.920 23.460 7 7   

30 24 Argûs 06 25 58 -50 07 40 0 np  14    6 10   

31 45 Argûs* 06 34 26 -48 03 48 36 np  12.32  0.675 8.630 6 10   

32 48 Argûs* 06 36 30 -38 14 79 20 np  6.24    6 8  Beautiful d. 
Star. 

33 53 Argûs 06 40 31 -39 21 50 0 sf  2    6 8   

34 55 Argûs* 06 41 53 -54 33 85 14 sp  130.15   64.400 6 7  Double L. C. 

35 57 Argûs* 06 42 28 -43 37       8.150 6 6   

36 
95 Canis 
Majoris* 06 43 39 -31 30 20 36      28.870 6 8   

37 79 Argûs 06 56 48 -51 09        6 8   

38 83 Argûs* 06 59 08 -43 22 29 12 sf  21.5  1.788 10.320 6 7  Double L. C. 

39 89 Argûs* 07 01 13 -58 55 78 48 nf  2.83    6 7   

40 100 Argûs* 07 06 09 -56 04  sf    2.940 30.520 7 8  Double L. C. 

41 Anonym. 07 06 26 -55 17        7 7   

42 γ Pis. 
Volantis* 

07 10 10 -70 13 32 8 np  15.68  2.287 8.720 5 8  
Large star 
yellow. S. star 
greenish. 

43 π Argûs* 07 10 57 -36 47 56 24 sp     69.060 3 10  
Large star 
yellow. Small 
star dusky. 

44 Anonym. 07 13 20 -51 50 65 0 nf  12    7 7  Nearly equal. 

45 Anonym.* 07 15 35 -48 12 70 12 nf    0.350 22.950 6 6.5   

46 Anonym. 07 16 18 -48 02 3 0 np    3.416  6 10   

47 137 Argûs 07 18 34 -31 27        6 8   

48 144 Argûs* 07 22 20 -61 55 60 30 sf      7 9  Double L. C. 

49 145 Argûs 07 22 43 -31 28      0.560      
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

No. Name RA_DUN DE_DUN 
Angle_ 
of_Pos Quad1 Quad2 Dist1 Dist2 delta_RA delta_DE vA vB vC Remarks 

  (h:m:s) (d:m:s) (d:m)   ('') ('') (s) ('') (mag) (mag) (mag)  

50 146 Argûs 07 22 47     2    5 8  Very close d. 
Star 

51 σ Argûs 07 23 38 -42 57  f  18    4 14   

52 153 Argûs* 07 27 08 -23 05 15 23       5 5.5   

53 κ Argûs* 07 31 48 -26 26 45 48 np  8.765    4 4  Both stars of the 
small 4th magn. 

54 195 Argûs 07 38 44 -37 46    3    6 9  Beautiful close 
d. Star. 

55 209 Argûs* 07 40 11 -50 02 43 40 sf    3.810 44.400 6 7   

56 215 Argûs* 07 41 46 -38 04  sf    0.830 52.400 7 7   

57 ζ Pis. Volantis 07 43 50 -72 10  sf    3.040  6 9  
Very unequal. L. 
Star yellow. S 
star blue. 

58 258 Argûs 07 49 32 -43 54        7 8 8 
A triangle of 
small stars. 

59 Anonym. 07 50 30 -50 00 41 0 sf      7 8   

60 Anonym. 07 57 24 -54 02      1.830  6 9   

61 285 Argûs 07 59 17 -28 39  sf    3.050  7 8   

62 299 Argûs* 08 02 30 -62 19  sp    12.097 5.580 6 7   

63 k1 Argûs* 08 04 00 -42 07 12 5 nf      6 8  
Large star blue. 
S. star dusky 
red. 

64 γ Argûs* 08 04 05 -46 50 34 48 nf    3.000 46.150 2.5 8  
Four small stars 
accompany γ 
Argûs. 

65 γ Argûs* 08 04 05 -46 50 47 50 sp    2.930 30.800 2.5 6  
Four small stars 
accompany γ 
Argûs. 

66 
ε Pis. 
Volantis* 08 07 00 -68 06 46 0 nf  6  0.715  5 10  

Large star 
white. Small 
star blue. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

No. Name RA_DUN DE_DUN 
Angle_ 
of_Pos Quad1 Quad2 Dist1 Dist2 delta_RA delta_DE vA vB vC Remarks 

  (h:m:s) (d:m:s) (d:m)   ('') ('') (s) ('') (mag) (mag) (mag)  

67 320 Argûs 08 07 00 -35 48      1.200 72.300 6 6  
Four stars 
forming a 
parallelogram. 
L. C. 

68 320 Argûs 08 07 00 -35 48      3.300 101.000 7 7  
Four stars 
forming a 
parallelogram. 
L. C. 

69 Anonym. 08 20 21 -51 16 65 0 sp  40    6 12   

70 359 Argûs* 08 24 07 -44 08 50 18 np  5.49    6 9  
Large star 
yellow. S. star 
pale green. 

71 363 Argûs 08 24 14 -39 55  nf    4.330 45.100 7 7  Double. L. C. 

72 383 Argûs 08 34 10 -41 51  nf    1.100 136.000 7 8  Double. L. C. 

73 Anonym* 08 51 02 -54 39 82 46 np    0.920 69.500 7 8   

74 426 Argûs* 08 52 50 -58 33  nf  38.98  4.805 19.040 5.5 7   

75 Anonym. 09 04 19 -57 30        9 9   

76 484 Argûs* 09 22 14 -44 45 7 2 sf  61.4  6.265 8.090 7 7   

77 Anonym. 09 22 27 -43 47  sp     24.650 8 8   

78 
ζ1 Antl. 
pneum.* 09 23 00 -31 08 1 7 nf    0.500 3.470 6 8  Double. L. C. 

79 494 Argûs* 09 27 00 -48 57 58 34 nf  20.03   8.150 7 7  Double. L. C. 

80 Anonym. 09 38 39 -48 41    3    8 9   

81 524 Argûs 09 47 31 -44 27 30 34 sp  4    6 8   

82 Anonym. 09 52 26 -85 00 2 0 sp      7 8   

83 Anonym. 09 56 32 -54 09        7 7  Double. 

84 Anonym.* 09 58 25 -51 14 79 52 sp  2    7 7.5   

85 Anonym. 10 22 31 -61 48        8 8   
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

No. Name RA_DUN DE_DUN 
Angle_ 
of_Pos Quad1 Quad2 Dist1 Dist2 delta_RA delta_DE vA vB vC Remarks 

  (h:m:s) (d:m:s) (d:m)   ('') ('') (s) ('') (mag) (mag) (mag)  

86 557 Argûs* 10 24 08 -41 21  np     34.180 7 8  Double. L. C. 

87 Anonym.* 10 24 26 -60 26 66 25 sp    4.600 78.180 7 8   

88 558 Argûs* 10 24 49 -44 08 47 15   14.92  0.930 11.610 7 7   

89 Anonym.* 10 25 07 -54 29      1.800 23.230 7 7   

90 Anonym. 10 27 24 -53 34  nf      7 8   

91 Anonym.* 10 28 09 -71 13 41 11 sp  3.69    8 8   

92 Anonym.* 10 29 33 -60 29  nf    3.000 5.500 7 8   

93 Anonym.* 10 30 20 -63 13 49 34 nf  23.66  2.183 17.100 7 8   

94 
34 Rob. 
Caroli* 10 32 20 -58 16 78 54 nf  10.13    6 9   

95 
35 Rob. 
Caroli* 10 32 27 -54 41 15 21 sf    6.050 11.950 5.5 8   

96 
40 Rob. 
Caroli 10 36 11 -58 19  sf      6 10  Very pretty d. 

Star. 

97 Anonym. 10 37 15 -60 16    3    7 7  Pretty double 
star. 

98 
η Rob. 
Caroli* 10 38 27 -58 43 79 2 nf     60.200 3 10   

99 Anonym.* 10 39 28 -69 57  sp    12.250 18.550 7 7   

100 562 Argûs 10 40 29 -59 41       2.000 6.5 6.5  Very nearly 
equal. 

101 Anonym. 10 43 00 -58 58 6 0 np  10    7 9   

102 
κ Rob. 
Caroli* 10 46 29 -57 56 68 51 sp    1.650 62.300 5 7  Triple star. Very 

nearly in a line. 

103 κ Rob. 
Caroli* 

10 46 29 -57 56 77 2 nf     56.000 5 8  Triple star. Very 
nearly in a line. 

104 Anonym. 10 53 26 -51 03        8 8 8 

Three stars 
nearly 
equidistant. 
Very pretty. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

No. Name RA_DUN DE_DUN 
Angle_ 
of_Pos Quad1 Quad2 Dist1 Dist2 delta_RA delta_DE vA vB vC Remarks 

  (h:m:s) (d:m:s) (d:m)   ('') ('') (s) ('') (mag) (mag) (mag)  

105 Anonym.* 10 55 21 -60 53 59 57 sf  23.1  1.600 20.030 7 8   

106 Anonym. 11 11 00 -37 03 30 0 nf      7 8  
A beautiful line 
of pretty bright 
stars. 

107 Anonym. 11 13 23 -73 13  np     58.000 8 9   

108 Anonym. 11 16 19 -57 23  sp nf     7   Four stars in a 
line. 

109 25 Centauri* 11 20 19 -41 43 18 39 sf  169.3   42.460 6 8   

110 Anonym. 11 22 15 -54 22        8   
Three pretty 
bright stars in a 
line. 

111 275 Hydrae* 11 24 00 -28 19 61 25 nf  9.965  0.200 8.252 6 6   

112 32 Centauri* 11 28 00 -49 50 19 0 np    19.733 68.200 7 7  Double L. C. 

113 35 Centauri* 11 28 00 -38 02 66 12 sf  143  4.300 125.000 7 7  Double L. C. 

114 Anonym. 11 31 10 -37 15 7 0 sf  3    7 10   

115 Anonym. 11 32 09 -32 20  np    3.000 3.400 7 8   

116 Anonym.* 11 48 17 -31 18 2 26 nf  15.2  1.600 2.560 7 8   

117 Anonym.* 11 55 13 -61 01 63 27 sf  22.72  1.394 19.290 7 8   

118 82 Centauri 12 02 00 -36 53        7 8   

119 1 Muscae* 12 05 00 -65 34  nf    9.150 97.600 7 7  Double L. C. 

120 Anonym.* 12 10 26 -65 52  nf    0.925 96.200 6 8   

121 Anonym. 12 14 35 -54 33  np      7 8   

122 α Crucis* 12 16 50 -62 07 70 0 sp    4.450 81.956 2 6   

123 α Crucis* 12 16 50 -62 07 24 24 sf  5.421    2 2.5   

124 γ Crucis* 12 21 30 -56 07 46 42 nf    7.216 70.854 2 7   

125 β Crucis* 12 37 33 -58 43  nf    19.030 414.300 2 8   
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

No. Name RA_DUN DE_DUN 
Angle_ 
of_Pos Quad1 Quad2 Dist1 Dist2 delta_RA delta_DE vA vB vC Remarks 

  (h:m:s) (d:m:s) (d:m)   ('') ('') (s) ('') (mag) (mag) (mag)  

126 ο Crucis* 12 44 00 -56 13 79 48 nf  35.91  1.375 34.510 5 6   

127 Anonym.* 12 49 09 -54 57 51 0 sf  10  1.170 8.260 7 8   

128 ξ2 Centauri 12 56 37 -48 58 10 0 sf  40    5 14   

129 Anonym* 12 57 11 -64 22 79 0 sp  3.31    7 9.5   

130 Anonym. 13 02 07 -52 48  nf      8 8   

131 η Muscae* 13 03 58 -66 59 63 48 np    5.340 52.640 6 8   

132 Anonym.* 13 11 09 -66 53 85 0 nf  2    8 8  Very pretty. 

133 
165 
Centauri* 13 11 40 -60 05 76 12 np    2.557 56.680 6 8   

134 ι Centauri 13 11 41 -35 48 50 0 sf         Very unequal. 

135 Anonym. 13 12 00 -61 08        8   
A curious group 
of five pretty 
bright stars. 

136 Anonym. 13 19 11 -38 30  nf     3.200 7 8   

137 Anonym.* 13 19 36 -62 06 72 50 nf  12.4   12.190 8 9   

138 369 Hydrae* 13 28 00 -25 37  sp     9.630 6 8   

139 Anonym. 13 28 35 -55 17  nf      6 7 8 Triple star. 

140 Anonym. 13 29 12 -71 04  f  7    8 9   

141 
195 
Centauri* 13 30 56 -53 41 78 24 sp  3 4   6 9   

142 Anonym.* 13 32 09 -58 24 5 23 sf  32.376  4.100 3.130 7 8  
With two stars 
of the 14th 
magnitude 
between them. 

143 Anonym.* 13 37 08 -61 13 60 32 nf  11.183  0.675 8.720 7 8   

144 Anonym. 13 39 04 -46 26 5 0 sp  10    8 8   

145 Anonym. 13 39 14 -66 01 30 0 nf  10    7 8.5   
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

No. Name RA_DUN DE_DUN 
Angle_ 
of_Pos Quad1 Quad2 Dist1 Dist2 delta_RA delta_DE vA vB vC Remarks 

  (h:m:s) (d:m:s) (d:m)   ('') ('') (s) ('') (mag) (mag) (mag)  

146 
208 
Centauri* 13 39 36 -39 39 2 12 nf    4.832 3.730 7 7  Double L. C. 

147 
215 
Centauri* 13 41 23 -51 56 60 0 np  13.2   9.340 6 8   

148 k Centauri* 13 42 28 -32 09 30 10 sf  9.232  0.570 4.254 6 8   

149 
222 
Centauri* 13 43 45 -37 24 50 0 sp    9.800 136.600 7 7  Double L. C. 

150 Anonym. 13 45 20 -56 46 6 0 sp    7.300 3.140 8 8   

151 Anonym. 13 46 30 -55 14 90 0 n      7 10   

152 υ2 Centauri 13 51 09 -44 43  nf  2    6 13   

153 χ Centauri* 13 55 22 -40 20 14 32 nf    6.700 17.540 5.5 9   

154 Anonym. 13 55 57 -35 39 60 0 sf  15    7 8   

155 Anonym.* 13 56 07 -52 53 40 0 nf  19.16    7 8   

156 θ Centauri 13 56 20 -35 30 50 0 sf  3    3 14  
Large star 
yellow. Small 
star blue. 

157 Anonym. 13 57 12 -50 36 70 0 sf  13    6 9.5   

158 Anonym. 14 00 12 -45 07 14 0 nf  6    7 9  
Large star 
white. Small 
star greenish. 

159 Υ Centauri* 14 10 27 -57 40 70 55 sf  12.789  0.150 9.580 5.5 8   

160 τ1 Centauri* 14 14 51 -44 25  sp    6.300 102.370 5 9   

161 Anonym. 14 16 30 -53 51 58 3 nf    2.860 40.360 8 8   

162 295 Centauri 14 22 50 -45 41  p      7 10  Very minute 
double stars. 

163 Anonym.* 14 23 52 -53 35 23 48 sf    5.500 23.040 8 8   

164 η Centauri* 14 24 20 -41 24  sf     99.150 3 9   

165 α Centauri* 14 28 00 -60 06 56 49 sp    1.783 18.788 1 4  Double L. C. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

No. Name RA_DUN DE_DUN 
Angle_ 
of_Pos Quad1 Quad2 Dist1 Dist2 delta_RA delta_DE vA vB vC Remarks 

  (h:m:s) (d:m:s) (d:m)   ('') ('') (s) ('') (mag) (mag) (mag)  

166 α Circini 14 28 50 -64 12 7 0 sp  10    4 12   

167 Anonym. 14 29 40 -35 12 80 0 sf  50    6.5 10  
Large star 
white. Small 
star pale. 

168 Anonym. 14 30 57 -54 31 70 0 sp  5    8 8.5   

169 Anonym.* 14 32 09 -54 50 13 54 sf    8.120 20.760 7 8   

170 Anonym. 14 32 16 -55 30 90 0 n  2    8 8  Very nearly 
equal. 

171 Anonym. 14 41 22 -45 10 57 0 sp  20    7 9   

172 ζ Circini 14 41 27 -65 16    3       A close double 
star. 

173 328 Centauri 14 42 07 -37 05 60 0 sf  2    7 10   

174 Anonym.* 14 44 06 -46 07 20 44 np  3    7 8  
Large star 
dusky. Small 
star greenish. 
Very pretty. 

175 Anonym. 14 49 22 -51 13  np      7 10   

176 ζ Lupi* 14 59 54 -51 25 20 48 sp  68.79  7.380 24.470 4.5 8   

177 κ Lupi* 15 00 00 -48 01 55 40 sf  28.88  1.397 25.558     

178 25 Lupi* 15 00 09 -44 36 5 19 np    3.525 14.350 6 7   

179 Anonym.* 15 03 39 -42 44 40 36 nf  11    8 9   

180 μ Lupi* 15 06 23 -47 13 64 36 sf    1.500 14.613 5 8   

181 Anonym. 15 09 56 -37 46 25 0 nf  9 10   8 9 9 
Three stars in a 
line nearly 
equidistant. 

182 ε Lupi* 15 10 48 -44 03 83 38 sf  19.12    4 10   

183 51 Lupi* 15 14 07 -38 07  sp  12 15   6 10  A star of the 6th 
magn. With two 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

No. Name RA_DUN DE_DUN 
Angle_ 
of_Pos Quad1 Quad2 Dist1 Dist2 delta_RA delta_DE vA vB vC Remarks 

  (h:m:s) (d:m:s) (d:m)   ('') ('') (s) ('') (mag) (mag) (mag)  

stars of the 
10th. 

184 Anonym. 15 14 32 -42 12 65 0 sf  14    7 8 12  

185 Anonym. 15 15 20 -50 59  f  3    7 11   

186 Anonym. 15 18 30 -57 30 35 0 sf     18.670 8 8   

187 Anonym. 15 20 17 -46 57 52 0 sp  10    7 9   

188 
ε Trianguli 
Aust. 15 20 40 -65 43 60 0 sf  60    5 10   

189 π Normae 15 26 13 -51 47 40 0 np  56    6 11   

190 Anonym. 15 26 30 -57 38 5 0 nf  3    7 8   

191 Anonym. 15 31 55 -57 59 55 0 np  12    8 8   

192 Anonym. 15 37 48 -35 03 40 0 nf  35    7 7   

193 υ Normae 15 38 00 -54 31  nf      6 11   

194 Anonym. 15 39 00 -60 10 47 0 np f 10    7 9 10 Triple star. 

195 Anonym. 15 41 56 -49 38 83 0 nf  5    7.5 7.5  Very pretty d. 
Star. 

196 ξ Lupi* 15 46 01 -33 30 40 43 nf    0.700 7.095 6 6  Beautiful d. 
Star. 

197 η Lupi* 15 48 26 -37 53 25 0 sp  60   17.270 4 9   

198 Anonym. 15 52 00 -53 09 90 0 s  30    7 11   

199 Anonym. 15 58 19 -38 35 80 0 sp  12    7 7   

200 Anonym. 16 09 48 -43 31 82 0 sf  17    6.5 12   

201 ι Trianguli 
Aust. 

16 12 10 -63 39 58 0 nf  14    6 13   

202 Anonym. 16 18 36 -41 25 80 0 sp  26    6 11   

203 Anonym. 16 19 23 -60 35        8 8   

204 57 Normae 16 23 40 -35 21        6 7   
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

No. Name RA_DUN DE_DUN 
Angle_ 
of_Pos Quad1 Quad2 Dist1 Dist2 delta_RA delta_DE vA vB vC Remarks 

  (h:m:s) (d:m:s) (d:m)   ('') ('') (s) ('') (mag) (mag) (mag)  

205 Anonym. 16 24 32 -49 01 50 0 nf  16    8 8   

206 Anonym. 16 29 40 -48 17        7 8   

207 Anonym. 16 30 38 -42 05 85 0 sp  6    8 9   

208 Anonym. 16 31 00 -46 48  nf      7 8   

209 Anonym. 16 35 21 -36 35 60 0 sp  14    7 8   

210 Anonym. 16 35 30 -55 08        7 7  Very nearly 
equal. 

211 Anonym. 16 35 30 -48 05 60 0 np f 20    7 9 9 
Triangle of 
stars. 

212 Anonym. 16 49 43 -50 51 42 0 sp  5    8 9  
Not certain; but 
the declination 
should be -49 
05 00. 

213 Anonym. 16 55 30 -46 27 63 0 sf  8    7 9   

214 Anonym. 16 56 34 -66 59 50 0 np  22    7 12   

215 Anonym. 17 02 49 -53 06    15 18   8   

Triangle; p. b. 
stars. The 
southernmost 
star is double. 
8th and 12th 
magnitudes. 

216 48 Arae* 17 13 00 -45 40 59 56 nf  33.07  1.550 28.400 7 7   

217 Anonym. 17 15 40 -43 49 58 0 sf  8    7 10   

218 λ Scorpii 17 21 44 -36 58 56 0 nf  60    3 12   

219 Anonym. 17 46 54 -36 54 7 0 sp  30    7 8   

220 Anonym. 18 04 46 -55 31 80 0 sf      7 8   

221 σ Telescopii 18 11 56 -44 11 90 0 s  40    6 11   

222 κ Coronae 
Aust. 

18 21 30 -38 51    14    6 7  Double L. C. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

No. Name RA_DUN DE_DUN 
Angle_ 
of_Pos Quad1 Quad2 Dist1 Dist2 delta_RA delta_DE vA vB vC Remarks 

  (h:m:s) (d:m:s) (d:m)   ('') ('') (s) ('') (mag) (mag) (mag)  

223 Anonym. 18 27 08 -42 21 50 0 nf  8    6 7 7  

224 Anonym. 18 41 20 -47 28  sf    7.000 34.000 7 7   

225 Anonym. 18 59 13 -52 05  sp     20.900 7 8   

226 β1 Sagittarii 19 09 57 -44 47 30 0 nf  30    3.5 9   

227 Anonym. 19 37 11 -55 26 75 0 sf  30    7 7.5  
Large star 
yellow. Small 
star blue. 

228 Anonym.* 19 38 45 -64 19 62 8 sf    1.850 20.750 6 7   

229 Anonym.* 19 45 28 -52 22 23 22 sp     33.400 7 8   

230 Anonym. 20 06 44 -40 39 7 0 sf     8.000 8 8   

231 74 Pavonis* 20 16 28 -71 49 18 15 np  64.37   20.200 6 9   

232 Anonym.* 20 21 00 -76 56 76 18 nf  18.47  1.410 17.780 6 6.5   

233 φ Pavonis 20 21 00 -61 10 12 0 nf  40    5.5 12  Exceedingly 
unequal. 

234 α Indi 20 25 08 -47 54 85 0 sp  5    3 14  
Large star 
yellow. Small 
star blue. 

235 Anonym.* 20 32 17 -51 07 33 25 sp     70.700 7 7   

236 Anonym.* 20 50 00 -43 39 14 33 nf  67.23  5.650 15.370 6 6.5   

237 Anonym. 21 16 23 -59 34        8   
Four pretty 
bright stars in a 
straight line. 

238 Anonym. 22 08 56 -75 58  f  14    8 12   

239 δ2 Gruis 22 19 15 -44 39 47 0 sp  50    5 9   

240 
β Piscis 
Aust.* 22 21 00 -33 14 82 46 sf  35.31   27.680 3 9   

241 
σ Piscis 
Aust.* 

22 26 00 -32 34 56 48 nf    2.860 75.300 6 7   
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

No. Name RA_DUN DE_DUN 
Angle_ 
of_Pos Quad1 Quad2 Dist1 Dist2 delta_RA delta_DE vA vB vC Remarks 

  (h:m:s) (d:m:s) (d:m)   ('') ('') (s) ('') (mag) (mag) (mag)  

242 
50 Piscis 
Aust.* 22 30 00 -29 17 69 17 sf    4.930 37.500 6 7   

243 β Gruis 22 32 05 -47 48  f      3 14  
Triple. Two very 
minute stars in 
a line following 
the large star. 

244 σ Toucani 22 51 22 -65 29  sf  60    7 9  
σ is a small pale 
star of the 7.8th 
magnitude. 

245 Anonym. 22 57 12 -60 40 10 0 np  10    7 13  
Large star 
white. Small 
star blue. 

246 Anonym. 22 58 36 -51 38 37 0 sp  10    7 8   

247 Anonym. 23 07 20 -61 57 8 0 np  30    8 8   

248 Anonym. 23 10 36 -51 19 53 0 sp  16    8 10   

249 ψ Gruis* 23 13 50 -54 49 58 24 sp  27.09   22.730 6.5 8   

250 Anonym.* 23 17 00 -51 14 3 38 sf  51.8  5.460 3.450 7 8   

251 θ Phoenicis* 23 30 00 -47 36  p      6 6   

252 29 Toucani * 23 34 00 -65 22 27 24 sf      6 8   

253 φ Sculptoris* 23 46 00 -28 26  p  5.031    6 6   
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APPENDIX B 

 

Table 2: Cross-matched source identifiers of the primary and secondary with, the identifier from the WDS, 
the discoverer code from the WDS, SIMBAD, ASCC and Gaia DR2 identifiers. 

1 16 17 18 19 20 21 22 23 

No. WDS Disc SIMBAD_A SIMBAD_B ASCC_A ASCC_B GAIA_DR2_A GAIA_DR2_B 
         

1 00315-6257 LCL 119AC *bet01 Tuc *bet02 Tuc 2292377 2292378 4900927434176620160 4900926678262376704 

2 00524-6930 DUN 2 *lam01 Tuc HD 5208 2373287 2373289 4691995692046507520 4691996001284152576 

3 01270-3233 LDS2199 V* R Scl CCDM J01270-3233B 1716249 
 

5016138145186249088 
 

4 01388-5327 DUN 4 HD 10241 CPD-54 358B 2103580 2103581 4912810337375316992 4912810337375317632 

5 01398-5612 DUN 5 *p Eri A *p Eri B 2199057 2199056 4911306239828325632 4911306239828325760 

6 02165-5131 DUN 6AB *phi Eri CD-52 465 2104402 2104399 4936685751335824896 4936685716976087552 

7 02397-5934 DUN 7A,BC HD 16852 HD 16853 2200322 2200329 4726060211542143616 4726066018337928192 

8 02572-2458 S 423AB,C HD 18455A HD 18445 1525490 1525486 
 

5076269164798852864 

9 02583-4018 PZ 2 *tet01 Eri *tet02 Eri 1909803 1909804 5044368071869592832 5044368071868204160 

10 03046-5119 DUN 10AB HD 19330 CD-51 706 2105363 2105365 4747692278185293312 4747693686934567040 

11 unidentified 
       

12 03152-6427 DUN 12A,BC HD 20586 CCDM J03152-6427BC 2295352 2295353 4672336699019592320 4672336694724418560 

13 unidentified 
       

14 03382-5947 DUN 14 HD 22989 HD 22960 2201630 2201628 4728825002249947904 4728825036609672576 

15 03398-4022 DUN 15 HD 22986A HD 22986B 1910857 1910855 4849246401941883264 4849246397645456000 

16 03486-3737 DUN 16 HD 24072 HD 24071 1817423 1817421 4856719713756945664 4856719713756946176 
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1 16 17 18 19 20 21 22 23 

No. WDS Disc SIMBAD_A SIMBAD_B ASCC_A ASCC_B GAIA_DR2_A GAIA_DR2_B 
         

17 04010-5424 DUN 17AB HD 25590 HD 25591 2106767 2106768 4779816503255644672 4779816297097214336 

18 04509-5328 DUN 18AB *iot Pic A *iot Pic B 2108254 2108256 4777112872882315648 4777112872882315264 

19 one 
 

HD 34496 
 

1724040 
 

4826073060516094080 
 

20 05248-5219 DUN 20AB,C * tet Pic HD 35859 2109422 2109419 4771835629385988992 4771835595026248832 

21 05302-4705 DUN 21AD HD 36553 HD 36520 2012117 2012100 4798709239757160320 4798709067958473216 

22 05312-4219 DUN 22 HD 36648A HD 36648B 1915226 1915228 4806195676992118784 4806195299034996864 

23 06048-4828 DUN 23 V* V575 Pup TYC 8105-1651-2 2013728 2013729 5554191685020871424 5554191685019290368 

24 one 
 

*del Pic 
 

2111224 
 

5499415974230271488 
 

25 06189-3212 JSP 96 CD-32 2930A CD-32 2930B 1728092 1728093 2892904187481797504 2892904187482208128 

26 06122-6532 DUN 26AB HD 43618 HD 43639 2379551 2379552 5476519984615508224 5476521251625953152 

27 06163-5913 DUN 27AB HD 44120 HD 44105 2206307 2206304 5482551183847322752 5482551183847322496 

28 06240-3642 DUN 28AC HD 45145 HD 45158 1824828 1824835 5575351648860045312 5575351545780828032 

29 06291-4022 DUN 29 HD 46039 HD 46040 1918620 1918630 5570747993673945984 5570747890594733568 

30 06298-5014 DUN 30AB,CD HR 2384 TYC 8111-2008-2 2112078 2112074   

31 06386-4813 DUN 31 HD 47973 HD 47973B 2015711 2015708 5551248086235237248 5551248292393667200 

32 06423-3824 DUN 32 HD 48543A HD 48543B 1826228 1826223 5576835955197352192 5576836023916828288 

33 one 
 

HD 49319 
 

1826535 
 

5575933531029392896 
 

34 06442-5442 DUN 34 HD 49219 HD 49192 2112826 2112821 5497185992850609152 5497185133857153920 

35 two 
 

HD 49942 HD 49850 1920145 1920113 5562241106570387584 5562253407356693120 

36 06504-3142 H 5 108A,BC V* HZC Ma CD-31 3719 1730756 1730759 5583324035874959360 5583323314320455936 

37 two 
 

HD 53142 HD 53348 2113773 2113809 5505040697762533760 5505041728554364928 

38 07040-4337 DUN 38AB HD 53705 HD 53706 1921369 1921372 5559265690666326016 5559265690666327168 
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1 16 17 18 19 20 21 22 23 

No. WDS Disc SIMBAD_A SIMBAD_B ASCC_A ASCC_B GAIA_DR2_A GAIA_DR2_B 
         

39 07033-5911 DUN 39 HD 53921A HD 53921B 2208454 2208456 5480486644608749696 5480486640313882880 

40 07092-5622 DUN 40 HD 55327 HD 55352 2208793 2208795 5490000787442758144 5490000787442760576 

41 07104-5536 RMK 5 HD 55598 CD-55 1708 2208862 2208857 5490328648067150720 5490328648067151104 

42 07087-7030 DUN 42 *gam02 Vol *gam01 Vol 2445952 2445949 5267405895348357120 5267405964069463680 

43 07171-3706 DUN 43AB *pi. Pup Aa HD 56856 1829087 1829080 5589311357724458368 5589305477912168192 

44 07204-5219 RMK 6AB HD 57852 HD 57853 2114933 2114936 5492026740697659648 5492026740697659264 

45 07214-4832 DUN 45 HD 58017 HD 58018 2018751 2018756 5506905297684851584 5506905228965376768 

46 unidentified 
       

47 07247-3149 DUN 47A,CD HD 58535 HD 58534 1734969 1734962 5592885801315568768 5592886110552963968 

48 unidentified 
       

49 07289-3151 DUN 49 HD 59499 HD 59500 1735664 1735667 5593011729755869696 5593011832835083008 

50 unidentified 
       

51 07292-4318 DUN 51 *sig Pup *sig Pup B 1923547 1923553 5512070906388269568 5512071009471894912 

52 07343-2328 H N 19 *n Pup A *n Pup B 1550714 1550719 5618420137803147008 5618420137803146240 

53 07388-2648 H 3 27AB *k02 Pup *k01 Pup 1645677 1645672 5612323414549657728 5612323414549657984 

54 one 
 

* c Pup 
 

1831780 
 

5538814190271704960 
 

55 07442-5027 DUN 55AB HD 63008 CD-50 2948 2116430 2116437 5493209501673364736 5493209437253410432 

56 07471-4130 DUN 56 HD 63425 V* V394 Pup 1925301 1925303 5535916496103849088 5535916393024640896 

57 07418-7236 DUN 57 *zet Vol *zet Vol B 2447249 2447251 5263150888430032256 5263150888430032384 

58 three 
 

HD 65013 HD 65037 1926351 1926359 5531438838080560384 5531438558901143680 

59 07592-4959 DUN 59 HD 66005 HD 66006 2022196 2022202 5514090400016110976 5514090434376720512 

60 08014-5431 DUN 60 V* V461 Car CD-54 2029 2117504 2117508 5320234267972369152 5320234057513080320 
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1 16 17 18 19 20 21 22 23 

No. WDS Disc SIMBAD_A SIMBAD_B ASCC_A ASCC_B GAIA_DR2_A GAIA_DR2_B 
         

61 08069-2707 DUN 61 HD 67409 CD-26 5531 1652760 1652767 5694066331642125824 5694066709599229568 

62 08047-6250 DUN 62 HD 67536 CD-62 329 2304263 2304251 5289522090708710656 5289516936747952768 

63 08098-4238 DUN 63 HD 68242A HD 68242B 1928607 1928610 5533290621824556672 5533290621824555264 

64 08095-4720 DUN 65AC *gam02 Vel CD-46 3848 2023562 2023566 
 

5519219999721187968 

65 08095-4720 DUN 65AB *gam02 Vel *gam01 Vel 2023562 2023557  5519266900766220800 

66 08079-6837 RMK 7 *eps Vol A *eps Vol B 2383172 2383174 5270986008289935232 5270986008289935488 

67 08140-3619 DUN 67 HD 69081 HD 69082 1835488 1835490 5541637564345383808 5541624335846120192 

68 08136-3621 DUN 68 HD 68944 HD 68962 1835397 1835404 5541636739711787264 5541636945870181632 

69 08255-5144 DUN 69AB HD 71510 CD-51 3003 2118943 2118941 5322244690627583104 5322244690627585280 

70 08295-4443 DUN 70 HD 72127A HD 72127B 1931221 1931220 5522979294390810752 5522979294390810624 

71 08306-4031 DUN 71 HD 72318 HD 72317 1931403 1931411 5527782446519946880 5527782480879666816 

72 08404-4223 DUN 72A,BC HD 74105 HD 74104 1932766 1932764 5525075856907721216 5525076548400146688 

73 08562-5532 DUN 73AB HD 76824 HD 76823 2215700 2215701 5305072895992630784 5305073136510805760 

74 08570-5914 DUN 74 *b01 Car CD-58 2350 2215750 2215754 5303286052150068352 5303286017790332416 

75 09179-6948 RMK 10 HD 80807 CPD-691035B 2386328 2386329 5222647212228907136 5222650171466372480 

76 09286-4530 DUN 76AC HD 82109 HD 82121 2032680 2032690 5423001668454182656 5423001462295754368 

77 09293-4432 DUN 77AB HD 82207 HD 82241 1938548 1938560 5423340970868485504 5423346674585062144 

78 09308-3153 DUN 78 *zet01 Ant A *zet01 Ant B 1753443 1753440 5632038276500794496 5632038276500795648 

79 09336-4945 DUN 79 HD 82965 HD 82986 2033099 2033117 5409197334336573056 5409197437415809024 

80 09450-4929 DUN 80AB HD 84627 HD 84612 2034180 2034174 5409029212137818368 5409029212137815808 

81 09543-4517 DUN 81 HD 85980 HD 85980B 2035254 2035252 5411771119252271872 5411771119252271360 

82 09333-8601 DUN 82 HD 85300 CPD-85 210B 2453141 2453130 5189985016733501440 5189985021031273472 
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1 16 17 18 19 20 21 22 23 

No. WDS Disc SIMBAD_A SIMBAD_B ASCC_A ASCC_B GAIA_DR2_A GAIA_DR2_B 
         

83 10021-5459 DUN 83 HD 87254 HD 87221 2130673 2224417 5260124688857959040 5260124345260563200 

84 10032-5203 HJ 4282 HD 87364 HD 298817 2130814 2130810 5404964317652126336 5404964283292384384 

85 10288-6235 DUN 85 HD 91027 HD 91026 2316921 2316914 5252242702326780160 5252242667967046016 

86 10312-4214 DUN 86AB HD 91239 HD 91223 1945198 1945183 5368269388368281600 5368269285289064832 

87 10307-6121 DUN 87 HD 91270 HD 91269 2317155 2317146 5253945227372557312 5253948354108765696 

88 10320-4504 PZ 3 HD 91355 HD 91356 2039586 2039582 5367389229311297280 5367389229311295872 

89 10333-5523 DUN 89AB HD 300791 HD 91593 2230402 2230408 5352404294598481920 5352404397648913152 

90 unidentified 
       

91 10319-7207 DUN 91 HD 91601 CPD-71 1045B 2456738 2456739 5229628256374245248 5229628256374246528 

92 one 
 

*p Car 
 

2317331 
 

5253796346588022656 
 

93 10349-6408 DUN 93AB HD 91906 HD 307860 2317750 2317757 5251822104760873344 5251822139120626432 

94 10387-5911 DUN 94 HD 92397 HD 92398 2231436 2231442 5350588691654540544 5350588691654545792 

95 10393-5536 DUN 95AB *x Vel HD 92463 2231547 2231572 5352174702825907840 5352174805905137920 

96 one 
 

HD 92964 
 

2232192 
 

5350406619413548032 
 

97 10432-6110 DUN 97AB HD 93010 CPD-60 2203B 2318912 2318913 5254068613204875264 5254068613204866432 

98 10451-5941 DUN 98AH *eta Car HD 303308 2232700 2232708 5350358580171706624 5350358683250920704 

99 10443-7052 DUN 99AB HD 93344 HD 93359 2457524 2457533 5231271579581900800 5231271476495341952 

100 unidentified 
       

101 10510-5957 HJ 4378 HD 94173 CPD-59 2783 2233856 2233851 5338305738062716544 5338305841141942272 

102 10535-5851 DUN 102AB *u Car HD 94491 2234363 2234336 5338833263115792512 5338832919518362752 

103 10535-5851 DUN 103AC *u Car CPD-58 2836 2234363 2234366 5338833263115792512 5338833297475543936 

104 three 
 

HD 95429 
 

2138437 
 

5359955053246566144 
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1 16 17 18 19 20 21 22 23 

No. WDS Disc SIMBAD_A SIMBAD_B ASCC_A ASCC_B GAIA_DR2_A GAIA_DR2_B 
         

105 11049-6103 DUN 105 HD 96264 HIP 54171 2321918 2321912 5337284326102045568 5337283948144897664 

106 one 
 

HD 98161 
 

1855147 
 

5397046115926029056 
 

107 two 
 

HD 98537 HD 98486 2459375 2459352 5226029103836945280 5226076112259827968 

108 four 
 

HD 98897 
 

2239471 
 

5339606563379239040 
 

109 11286-4240 BSO 6 HD 99803 HIP 56001 1949977 1949980 5382258371728407680 5382258371728407040 

110 three 
 

HD 100015 
 

2240660 
 

5343376445138829824 
 

111 11323-2916 H 3 96 *17 Crt A *17 Crt B 1670309 1670306 3482326708703712896 3482326708703712640 

112 two 
 

HD 100838 HD 100786 2143041 2142996 5369911474631774080 5369911058009191424 

113 11370-3858 DUN 113 HD 100954 HD 100965 1856216 1856220 5384606275726561792 5384603045914957952 

114 11400-3806 DUN 114 HD 101406 SAO 202691 1856371 1856373 5385035016545554560 5385035016545554688 

115 11400-3327 I 232 
  

1762657 1762658 3477249370166290048 
 

116 11567-3216 DUN 116AB HD 103742 HD 103743 1763490 1763493 3466924200065405184 3466924200065405824 

117 12048-6200 DUN 117AB HD 104901 V* BY Cru 2330777 2330783 6057680496326765184 6057680423278480512 

118 12066-3752 HJ 4500 HD 105173 CD-37 7665 1857859 1857862 3459806786421605120 3459806786421611136 

119 two 
 

HD 106344 HD 106362 2397544 2397555 5860530296185991552 5860530399265248512 

120 unidentified 
       

121 unidentified 
       

122 12266-6306 DUN 252AC *alf01 Cru HD 108250 2333718 2333711 
 

6053807844582485248 

123 12266-6306 DUN 252AB *alf01 Cru *alf02 Cru 2333718 2333721 
  

124 12312-5707 DUN 124AB *gam Cru HD 108925 2248482 2248502 
 

6071671369457586688 

125 12477-5941 DUN 125AC *bet Cru HD 111160 2250231 2250260 
 

6056724299185776512 

126 12546-5711 DUN 126AB *mu.01 Cru *mu.02 Cru 2250896 2250898 6060547163653418112 6060547331128876928 
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1 16 17 18 19 20 21 22 23 

No. WDS Disc SIMBAD_A SIMBAD_B ASCC_A ASCC_B GAIA_DR2_A GAIA_DR2_B 
         

127 12598-5555 DUN 127 HD 112764 HD 112781 2251414 2251416 6061478965373623680 6061478209476557696 

128 13069-4954 DUN 128 *ksi02 Cen V* V1261 Cen 2052802 2052804 6081542475600377472 6081530720270030208 

129 13081-6518 RMK 16AB *tet Mus A *tet Mus B 2401910 2401908 5858915766471945984 5858915766471941248 

130 unidentified 
       

131 13152-6754 DUN 131AC *eta Mus A *eta Mus C 2402372 2402368 5845487808865581568 5845487911944804864 

132 unidentified 
       

133 13226-6059 DUN 133AB,C *J Cen HD 116072 2339008 2339002 5869474548409857024 5869474617129630976 

134 one 
 

*iot Cen 
 

1862167 
 

6165699748415726848 
 

135 five 
 

HD 116119 
 

2339037 
 

5868514605999645696 
 

136 unidentified 
    

 
  

137 13321-6303 DUN 137 HD 117460 CD-62 732B 2340319 2340318 5865249812400697472 5865249812400694272 

138 13368-2630 H N 69AB HD 118349A HD 118349B 1675685 1675683 6188997162858447360 6188994207920947328 

139 three 
 

HD 118258 
 

2255294 
 

6064406277664894208 
 

140 13458-7159 DUN 140 CPD-71 1507 CPD-71 1507B 2468095 2468099 5839923627169745664 5839923622864522112 

141 13417-5434 DUN 141 *Q Cen A *Q Cen B 2154813 2154815 6065381024758288128 6065381029065308416 

142 13440-5914 DUN 142 HD 119283 HD 119312 2256060 2256069 5870795061866221952 5870795096225959808 

143 13492-6206 DUN 143 HD 120112 HD 120113 2342940 2342944 5865546577434035712 5865546680492798976 

144 13496-4722 DUN 144 HD 120275A HD 120275B 2056192 2056190 6095002662584749056 6095002623922974080 

145 13546-6654 DUN 145 HD 120891 CD-66 1486 2404962 2404966 5850667092761177856 5850667092761180416 

146 13493-4031 DUN 146 HD 120272 HD 120287 1959103 1959109 6113942884244624384 6113945804822385408 

147 13521-5249 RMK 18 HD 120642 HD 120641 2155481 2155477 6065984557860591360 6065984179910876032 

148 13518-3300 H 3 101 * 3 Cen A * 3 Cen B 1769687 1769689 6170485544575679104 6170485544575678592 
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1 16 17 18 19 20 21 22 23 

No. WDS Disc SIMBAD_A SIMBAD_B ASCC_A ASCC_B GAIA_DR2_A GAIA_DR2_B 
         

149 two 
 

HD 120974 HD 120957 1864369 1864353 6115338095775994880 6115337546020644480 

150 13575-5743 DUN 150AB V* V412 Cen HD 121506 2257485 2257470 5871308465073102720 5871311316931389312 

151 13573-5602 DUN 151AB HD 121504 CPD-55 5793 2257462 2257469 5872266689452551552 5872266723812297216 

152 one 
 

*ups02 Cen 
 

2057267 
 

6097035006747824768 
 

153 14060-4111 WFC 145AB *chi Cen HD 123021 1960483 1960490 6110115278109271808 6110115621706655616 

154 14055-3633 DUN 154 HD 122917 CD-35 9249B 1865200 1865203 6120853555338661888 6120853555338661248 

155 14077-5341 DUN 155 CPD-53 5879 HD 123186 2156705 2156706 5896839777864869120 5896839846584347264 

156 14067-3622 DUN 253AB *tet Cen 
 

1865291 
   

157 14096-5130 HJ 4651 V* V869 Cen HD 123530 2156835 2156844 6089748096519831296 6089747340605583616 

158 unidentified 
       

159 14226-5828 DUN 159AB HD 125628A HD 125628B 2260099 2260102 5891112112577938816 5891112112577932800 

160 14261-4513 DUN 160AB *tau01 Lup CD-44 9321 2059445 2059437 6099307559838681216 6099307181888632960 

161 unidentified 
       

162 14339-4628 DUN 162 HD 127629 
 

2060207 
 

6098217909463037440 6098217836443755776 

163 14380-5431 DUN 163 HD 128291 HD 128306 2159018 2159023 5894221187876054656 5894221119156564352 

164 two 
 

*eta Cen HD 127992 1962822 1962835 6103094140452223872 6103093865574313216 

165 14396-6050 RHD 1AB *alf Cen A *alf Cen B 2348879 2348875 
  

166 14425-6459 DUN 166AB *alf Cir *alf Cir B 2349085 
 

5849837854817580672 5849837820492182272 

167 14410-3608 SKF 1973 HD 128974 HD 128975 1867812 1867814 6202874511432521600 6202873686798792704 

168 14428-5511 DUN 168 HD 129107 CPD-54 6120B 2262002 2262001 5893460978673615104 5893460978673614336 

169 14452-5536 DUN 169 V* BU Cir HD 129578 2262258 2262269 5893392327911628928 5893392362271368192 

170 unidentified 
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1 16 17 18 19 20 21 22 23 

No. WDS Disc SIMBAD_A SIMBAD_B ASCC_A ASCC_B GAIA_DR2_A GAIA_DR2_B 
         

171 14534-4551 DUN 171AB HD 131168 CD-45 9492B 2062279 2062275 5907676972474481920 5907676976779709312 

172 one 
 

*zet Cir 
 

2408966 
 

5848760573954755968 
 

173 14529-3748 SHT 57 HR 5543 
 

1868661 
 

6198599507144514432 
 

174 one 
 

HD 131464 
 

2062468 
 

5906831108744751616 
 

175 15019-5155 HJ 4723AB HD 132606A HD 132606B 2161181 2161182 5900200263369385728 5900200263369382272 

176 15123-5206 DUN 176 *zet Lup HD 134483 2162355 2162342 5888394463418285312 5888394257280681856 

177 15119-4844 DUN 177 *kap Lup *kap02 Lup 2064147 2064151 5902489309143933056 5902489102985502208 

178 15116-4517 DUN 178AC HD 134444 HD 134443 2064113 2064106 5904208906640444928 5904209082753017600 

179 15145-4323 DUN 179 HD 135034 HD 135034B 1966427 1966431 6003544598199761408 6003544632559500288 

180 15185-4753 DUN 180AC *mu.02 Lup HD 135748 2064815 2064822 
 

5902970620350884736 

181 15202-3823 DUN 181AB HD 136125 CPD-37 6455 1870909 1870908 6006932605834289792 6006932635892069248 

182 15227-4441 DUN 182AC *eps Lup *eps Lup C 1967246 
 

6000130236633865856 6000130236647036288 

183 15253-3844 DUN 183AB *k Lup HD 137059 1871257 1871250 6006429373106563712 6006429235667604096 

184 15263-4252 DUN 184 HD 137214 CD-42 10392 1967615 1967618 6000758641901550720 6000758573181780736 

185 15285-5136 SEE 234 HD 137465 
 

2164420 
 

5888999332297729024 
 

186 15331-5812 DUN 186 HD 138181 HD 138168 2266209 2266206 5882204934544118528 5882204934544123264 

187 15336-4732 DUN 187 HD 138362 CPD-47 7206 2066357 2066352 5986870951058297728 5986870916698555136 

188 15367-6619 DUN 188 *eps Tr A HD 138510 2412057 2412046 5823955832118781184 5823955694698562816 

189 15388-5222 DUN 189AB HD 139129 CD-51 9323 2165954 2165944 5886050373367262080 5886050437749100800 

190 15430-5807 DUN 190AB V* V359 Nor TYC 8704-2534-1 2266975 2266976 5882323574372973952 5882323578753114624 

191 15453-5841 DUN 191AB,C HIP 77160 HD 140177 2267183 2267181 
 

5834232658151618304 

192 15471-3531 DUN 192AB,C HD 140817 HD 140840 1872803 1872805 6011560759514133760 6011549008483608192 
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1 16 17 18 19 20 21 22 23 

No. WDS Disc SIMBAD_A SIMBAD_B ASCC_A ASCC_B GAIA_DR2_A GAIA_DR2_B 
         

193 15511-5503 DUN 193AB HD 141318 SAO 243045 2267782 2267783 5884607985911748224 5884608088990966528 

194 15549-6045 DUN 194AC HD 141913 CD-60 5919 2354178 2354188 5832716255424187392 5832716362853215104 

195 15548-5020 DUN 195AB HD 142080 CD-49 10123 2168121 2168122 5982530525830998016 5982530525831001344 

196 15569-3358 PZ 4 * ksi01 Lup * ksi02 Lup 1777138 1777140 6012174802400278016 6012174836760016512 

197 16001-3824 RMK 21AC *eta Lup CD-3810797B 1873533 1873521 5998019895872140800 5998065285088239360 

198 two 
 

V* QY Nor CD-53 6383 2169105 2169101 5932866131031997696 5932864657931055744 

199 16086-3906 DUN 199AC V * V1027 Sco V * V856 Sco 1874042 1874040 5997082115537645696 5997082081177906048 

200 16225-4355 DUN 200 HD 147225 CD-43 10723 1972315 1972313 5992149225369945344 5992149191010199168 

201 16280-6403 DUN 201 *iot Tr A TYC9 045-2914-1 2357385 2357386 5828317422956035072 5828317422956037376 

202 16317-4149 DUN 202AC HD 148688 CPD-41 7500C 1973070 1973071 5968761680983851776 5968761582230644992 

203 16331-6054 DUN 203 V* NP Tr A HD 148628 2357806 2357801 5830447000863289344 5830447005197478400 

204 one 
 

HD 149274 
 

1874980 
 

6020514769906985728 
 

205 unidentified 
       

206 16413-4846 DUN 206AC HD 150136 HD 150135 2073934 2073931 5940954177259978880 5940954898814487168 

207 16444-4224 DUN 207 HD 150674 HD 150673 1973850 1973849 5967756491149042304 5967756491149041024 

208 one 
 

HD 150500 
 

2074201 
 

5942647283393791232 
 

209 16482-3653 DUN 209AB HD 151315 HD 151316 1875678 1875680 5971596329361239808 5971596260664472704 

210 16487-5526 DUN 210AB HD 151163 HD 151162 2274180 2274176 5929426381963737344 5929426416323498112 

211 16475-4819 DUN 211BC HD 151115 HD 151116 2074679 2074676 5939444375994517376 5939444272915289216 

212 17040-5105 DUN 212AB HD 153772 HD 153771 2176845 2176843 5937998243333786112 5937998243333788416 

213 17103-4644 DUN 213 CCDM J17103-4644AB CD-46 11258B 2076679 2076681 5950941488064653056 5950941488064651136 

214 17133-6712 DUN 214AB HD 154903 TYC 9064-3629-1 2418812 2418813 5814757008599356928 5814757008599360896 
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1 16 17 18 19 20 21 22 23 

No. WDS Disc SIMBAD_A SIMBAD_B ASCC_A ASCC_B GAIA_DR2_A GAIA_DR2_B 
         

215 17193-5323 DUN 215AB HD 156239 HD 156260 2178088 2178095 5923327700182691840 5923327356584965760 

216 17269-4551 DUN 216AC HD 157661A HD 157649 2078475 2078460 5951986642593137408 5951987398507431808 

217 17290-4358 DUN 217 HD 158042 CD-43 11741B 1978893 1978895 5958561447264080768 5958561447264078208 

218 17336-3706 DUN 218AC *lam Sco CD-36 11635 1880898 1880889 
 

5962581880247644288 

219 17589-3652 DUN 219AB HD 163652 HD 163651 1884115 1884101 4037358426191922688 4037358597990619264 

220 18222-5534 DUN 220 V* QW Tel CD-55 7677 2280785 2280786 6649398690418063232 6649398690418059392 

221 18243-4407 DUN 221 HD 168905 CD-44 12570 1986993 1986998 6721718444965335936 6721718170088625664 

222 18334-3844 DUN 222 *kap02 Cr A *kap01 Cr A 1889607 1889606 6726876327040339712 6726876327040344576 

223 unidentified 
       

224 18540-4716 DUN 224AC HD 174691 HD 174713 2088578 2088587 6710469826831780736 6710469655033078016 

225 19124-5148 DUN 225AB HD 178734 HD 178710 2187130 2187123 6656986282721029120 6656985939123649920 

226 19226-4428 DUN 226 *bet01 Sgr HD 181484 1992514 1992517 6664464851575462016 6664464851575461120 

227 19526-5458 DUN 227 HD 187420 HD 187421 2189330 2189331 6641186850384256896 6641186850384254848 

228 unidentified 
       

229 19583-5154 DUN 229 HD 188557 HD 188534 2189635 2189627 6666516540271227904 6666516505911492224 

230 20178-4011 DUN 230 HD 192724A HD 192724B 1995385 1995387 6692595444253828480 6692595547333043456 

231 20366-7104 DUN 231 HD 195459 CD-71 1627 2494845 2494836 6374497315769911296 6374497384489388800 

232 20417-7521 DUN 232 *mu.02 Oct HD 196068 2495054 2495055 6369544118965772416 6369544118966055296 

233 one 
 

*phi01 Pav 
 

2367957 
 

6454999399628150016 
 

234 20376-4717 HJ 5209AB *alf Ind 
 

2094623 
 

6674382927491854848 
 

235 20450-5029 DUN 235AC CCDM J20451-5030AB HD 197341 2191473 2191478 6480764633558584704 6480763877644331904 

236 21022-4300 DUN 236 HD 200011 HD 200026 1997452 1997457 6484888042680733824 6484888008320993152 
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1 16 17 18 19 20 21 22 23 

No. WDS Disc SIMBAD_A SIMBAD_B ASCC_A ASCC_B GAIA_DR2_A GAIA_DR2_B 
         

237 four 
 

V* BT Ind 
 

2288078 
 

6458506566841143040 
 

238 22259-7501 DUN 238AB HD 212168 CPD-75 1748B 2498785 2498787 6357835694518769408 6357835488360338560 

239 22298-4345 DUN 239 *del02 Gru CD-44 14934 2000590 2000587 6520955322607576320 6520953845138827264 

240 22315-3221 PZ 7AC *bet Ps A CD-32 17127 1808438 1808439 6601750220152445440 6601750151432831104 

241 22366-3140 DUN 241 HD 214122 HD 214121 1808592 1808596 6601132054099267456 6607136899415399680 

242 22397-2820 H 6 119AB HD 214599 CD-28 17874B 1711391 1711392 6608821179430481408 6608821076351265024 

243 three 
 

*bet Gru 
 

2099216 
   

244 23023-6418 DUN 244 HD 217488 CPD-64 4310 2371330 2371332 6393362255241691648 6393362358320906368 

245 23086-5944 DUN 245 HD 218392 CPD-60 7635B 2290627 2290626 6490761943032664960 6490761943032665344 

246 23072-5041 DUN 246 HD 218269 HD 218268 2195694 2195691 6502570319958250496 6502570319958250624 

247 23180-6100 DUN 247 HD 219631 HD 219621 2371641 2371639 6490359006380772480 6490359075100249856 

248 23208-5018 DUN 248AB,C HD 220003A CD-50 13947 2196066 2196064 6502030631546224512 6502030631547502720 

249 23239-5349 DUN 249 V* DQ Gru HD 220391 2196130 2196129 6499534465274954496 6499534465274949376 

250 23272-5017 DUN 250 HD 220803 HD 220815 2196210 2196212 6525816229153083776 6525816332232298112 

251 23395-4638 DUN 251 *tet Phe A *tet Phe B 2100751 2100750 6525488231089676800 6525488226794240256 

252 two 
 

HR 8996 HD 222830 2372143 2372146 6485678866417832704 6485685051170731648 

253 23544-2703 LAL 192 HD 223991A HD 223991B 1713655 1713654 2334419836112293120 2334419797455932160 
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APPENDIX C 

Table 3: Data generated from the research for Paper 1. 

1 24 25 26 27 28 29 30 31 32 

No. 
RA_A_GAIA_ 

DR2 

DE_A_GAIA_ 

DR2 

Mean_PA_ 

DUN 

Mean_PA_DUN_ 

CORRECTED 

PA_GAIA_ 

DR2 

Mean_Sep_ 

DUN 

Sep_GAIA_ 

DR2 

vA_GAIA_ 

DR2 

vB_GAIA_ 

DR2 
 

(d, 1826.0) (d, 1826.0) (d, 1826.0) (d, 1826.0, quadrant corrected) (d, 1826.0) ('', 1826.0) ('', 1826.0) (mag) (mag) 

1 5.883 -63.921 352.5 172.5 177.4 29.7 27.7 4.34 4.37 

2 11.440 -70.451   74.2  19.7 6.60 7.33 

3 19.742 -33.450      7.79  

4 23.016 -54.326 107.5 107.5 104.5 15.8 10.7 7.04 8.41 

5 23.304 -57.082 16.9 196.9 223.6 2.5 14.6 5.69 5.82 

6 32.578 -52.324 220.0 220.0 212.4 90.0 83.8 5.31 9.15 

7 38.754 -60.321 290.0 75.0  35.0  7.58 7.69 

8   220.9 180.0     7.74 

9 42.923 -41.009 88.4 88.4 80.2 10.8 7.9 5.40 4.33 

10 44.784 -52.009 75.0 75.0  30.0  7.50 8.54 

11   180.0 180.0  10.0    

12 48.118 -65.088 98.0 98.0 102.5 14.0 18.3 6.56 9.15 

13          

14 53.684 -60.350 280.0 260.0 269.9 45.0 57.3 6.89 8.29 

15 53.393 -40.923 334.9 334.9 322.6 4.0 10.1 6.90 7.82 

16 55.552 -38.159 202.2 202.2 194.6 7.0 6.3 4.76 5.35 

17 59.207 -54.885 133.7 133.7 140.9 57.1 58.7 7.66 8.14 

18 71.773 -53.763 57.0 57.0 66.8 12.4 7.9 5.58 6.35 
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1 24 25 26 27 28 29 30 31 32 

No. 
RA_A_GAIA_ 

DR2 

DE_A_GAIA_ 

DR2 

Mean_PA_ 

DUN 

Mean_PA_DUN_ 

CORRECTED 

PA_GAIA_ 

DR2 

Mean_Sep_ 

DUN 

Sep_GAIA_ 

DR2 

vA_GAIA_ 

DR2 

vB_GAIA_ 

DR2 
 

(d, 1826.0) (d, 1826.0) (d, 1826.0) (d, 1826.0, quadrant corrected) (d, 1826.0) ('', 1826.0) ('', 1826.0) (mag) (mag) 

19 77.513 -33.736 221.8 221.8    6.90  

20   281.8 281.8  38.6  6.23 6.74 

21 81.354 -47.209   263.3  199.8 5.41 6.59 

22 81.449 -42.438 170.1 170.1 175.5 5.5 8.4 7.11 7.80 

23 90.078 -48.448 329.0 31.0 72.1 3.0 5.4 7.17 7.54 

24 91.739 -54.934    2.0  5.12  

25 93.111 -32.138   355.9  2.2 9.62 10.30 

26 92.955 -65.490 67.8 112.2 111.6 21.4 20.5 6.75 8.17 

27 93.487 -59.136  223.3 223.6 58.1 56.2 6.37 7.69 

28 94.505 -36.623 64.1 64.1 65.3 69.6 69.3 5.58 6.79 

29 95.876 -40.264  109.1 109.9 71.7 71.5 7.51 7.84 

30   310.0   14.0    

31 98.508 -48.070 320.4 320.4 319.0 11.3 13.2 5.00 7.46 

32 99.106 -38.235 349.3 349.3 277.2 6.2 8.2 6.51 7.81 

33 100.080 -39.361 140.0 140.0  2.0  6.43  

34 100.179 -54.519 212.6 212.6 190.0 97.4 130.9 6.43 6.64 

35 100.870 -43.610   268.1  268.9 7.30 7.37 

36 100.963 -31.511  69.4 64.4 82.1 42.7 5.61 7.83 

37 104.240 -50.221   72.6  483.5 7.20 7.57 

38 104.665 -43.372 117.7 117.7 121.1 21.8 20.0 5.50 6.79 

39 105.156 -58.921 11.2 11.2 77.7 2.8 2.7 5.81 6.78 
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1 24 25 26 27 28 29 30 31 32 

No. 
RA_A_GAIA_ 

DR2 

DE_A_GAIA_ 

DR2 

Mean_PA_ 

DUN 

Mean_PA_DUN_ 

CORRECTED 

PA_GAIA_ 

DR2 

Mean_Sep_ 

DUN 

Sep_GAIA_ 

DR2 

vA_GAIA_ 

DR2 

vB_GAIA_ 

DR2 
 

(d, 1826.0) (d, 1826.0) (d, 1826.0) (d, 1826.0, quadrant corrected) (d, 1826.0) ('', 1826.0) ('', 1826.0) (mag) (mag) 

40 106.478 -56.080 141.1 141.1 138.1 39.2 37.8 7.98 8.47 

41 106.730 -55.302   224.5  7.0 7.56 7.73 

42 107.564 -70.216 306.3 306.3 297.9 15.1 10.7 3.74 5.64 

43 107.760 -36.791 213.6 213.6 212.2 82.9 70.1 2.40 8.08 

44 109.051 -51.995 25.0 25.0 17.1 12.0 10.6 5.94 6.54 

45 109.152 -48.202 14.2 165.8 155.4 19.3 23.0 6.78 7.92 

46   273.0 273.0  34.3    

47 109.526 -31.474   340.7  100.0 5.30 7.59 

48   150.5 150.5      

49 110.552 -31.497   54.0  8.9 6.36 7.08 

50      2.0    

51 110.939 -42.954 90.0 90.0 79.7 18.0 21.0 3.06 8.77 

52 111.749 -23.102  105.4 105.3  9.0 5.77 5.81 

53 112.935 -26.415 315.8 315.8 326.8 8.8 10.6 4.43 4.64 

54 114.774 -37.552    3.0  3.42  

55 114.896 -50.048 137.0 137.0 132.1 57.6 51.5 6.57 7.51 

56 115.327 -41.079 169.4 169.4 175.8 53.3 49.4 6.88 7.65 

57 115.992 -72.187   119.2  18.4 3.93 8.73 

58 117.299 -43.902   158.4  84.7 7.13 7.80 

59 118.584 -49.505 131.0 49.0 45.9  16.5 6.29 6.31 

60 119.299 -54.034   161.3  39.8 6.06 8.12 
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1 24 25 26 27 28 29 30 31 32 

No. 
RA_A_GAIA_ 

DR2 

DE_A_GAIA_ 

DR2 

Mean_PA_ 

DUN 

Mean_PA_DUN_ 

CORRECTED 

PA_GAIA_ 

DR2 

Mean_Sep_ 

DUN 

Sep_GAIA_ 

DR2 

vA_GAIA_ 

DR2 

vB_GAIA_ 

DR2 
 

(d, 1826.0) (d, 1826.0) (d, 1826.0) (d, 1826.0, quadrant corrected) (d, 1826.0) ('', 1826.0) ('', 1826.0) (mag) (mag) 

61 119.918 -26.619   34.7  71.9 7.01 8.97 

62 120.569 -62.340 266.2 266.2 264.2 84.5 87.9 6.18 7.62 

63 120.984 -42.132 77.9 77.9 83.4  5.4 6.55 7.67 

64   44.5 44.5  57.9   7.62 

65   223.2 223.2  43.1   4.24 

66 121.848 -68.106 42.9 42.9 22.7 5.9 6.1 4.39 7.38 

67 121.869 -35.800  168.6 175.3 73.8 66.8 5.03 6.06 

68 121.704 -35.822  21.7 24.6 108.7 125.0 7.27 7.28 

69 125.152 -51.162 205.0 205.0 222.3 40.0 25.3 5.16 9.44 

70 125.910 -44.147 320.3 320.3 354.8 5.5 4.7 5.14 7.05 

71 126.082 -39.931 47.8 47.8 47.2 67.2 63.9 7.00 7.46 

72 128.550 -41.777 5.2 354.8 355.3 136.6 135.5 6.84 7.65 

73 132.844 -54.862 353.1 353.1 356.4 67.8 66.1 7.66 8.11 

74 133.189 -58.560 66.2 66.2 74.4 40.6 40.5 4.87 6.78 

75 138.955 -69.070   16.6  10.4 8.12 8.48 

76 140.533 -44.741 97.2 97.2 98.4 65.5 61.2 7.09 7.58 

77 140.702 -43.781   77.5  110.5 6.93 6.91 

78 140.840 -31.127 75.2 255.2 212.7 63.9 8.4 6.15 6.94 

79 141.879 -48.985 48.7 48.7 30.0 14.8 130.4 7.31 7.49 

80 144.683 -48.691   249.3 3.0 18.4 7.96 8.13 

81 146.871 -44.464 239.4 239.4 244.9 4.0 5.3 5.78 8.30 
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1 24 25 26 27 28 29 30 31 32 

No. 
RA_A_GAIA_ 

DR2 

DE_A_GAIA_ 

DR2 

Mean_PA_ 

DUN 

Mean_PA_DUN_ 

CORRECTED 

PA_GAIA_ 

DR2 

Mean_Sep_ 

DUN 

Sep_GAIA_ 

DR2 

vA_GAIA_ 

DR2 

vB_GAIA_ 

DR2 
 

(d, 1826.0) (d, 1826.0) (d, 1826.0) (d, 1826.0, quadrant corrected) (d, 1826.0) ('', 1826.0) ('', 1826.0) (mag) (mag) 

82 148.276 -85.204 268.0 268.0    7.05 7.58 

83 148.988 -54.143   221.0  107.6 7.71 7.86 

84 149.192 -51.208 190.1 190.1 204.6 2.0 45.8 7.31 8.37 

85 155.719 -61.694   219.3  21.9 8.28 8.71 

86 155.927 -41.337   290.6  83.7 7.32 8.01 

87 156.130 -60.464 203.6 336.4 331.9 85.2 82.8 6.33 7.44 

88 156.144 -44.173  221.1 217.7 15.2 13.1 5.70 6.06 

89 156.625 -54.490  34.0 29.6 28.0 26.2 6.65 7.82 

90          

91 156.890 -71.214 228.8 48.8 59.0 3.7 9.9 8.49 8.78 

92 156.474 -60.790 76.1 76.1  22.8  3.23  

93 157.255 -63.234 40.9 40.9 36.5 22.9 25.8 7.43 8.34 

94 158.046 -58.277 11.1 11.1 20.4 10.1 14.6 4.62 7.99 

95 158.109 -54.697 104.1 104.1 105.0 51.1 51.9 4.26 6.19 

96 159.003 -58.304      5.31  

97 159.165 -60.256   174.2 3.0 12.5 6.55 8.13 

98   11.0 11.0  61.3  8.22 8.06 

99 159.787 -69.944 253.6 73.6 74.4 65.7 62.9 6.20 6.46 

100          

101 161.039 -59.034 276.0 276.0 343.8 10.0 30.8 6.75 10.21 

102 161.622 -57.929 196.5 196.5 199.2 55.6 147.3 3.75 6.22 
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1 24 25 26 27 28 29 30 31 32 

No. 
RA_A_GAIA_ 

DR2 

DE_A_GAIA_ 

DR2 

Mean_PA_ 

DUN 

Mean_PA_DUN_ 

CORRECTED 

PA_GAIA_ 

DR2 

Mean_Sep_ 

DUN 

Sep_GAIA_ 

DR2 

vA_GAIA_ 

DR2 

vB_GAIA_ 

DR2 
 

(d, 1826.0) (d, 1826.0) (d, 1826.0) (d, 1826.0, quadrant corrected) (d, 1826.0) ('', 1826.0) ('', 1826.0) (mag) (mag) 

103 161.622 -57.929 13.0 13.0 14.0 57.5 67.6 3.75 7.74 

104 163.152 -50.884      6.12  

105 164.449 -60.112 149.9 210.1 221.0 23.2 23.9 7.54 10.11 

106 167.235 -37.065 60.0 60.0    6.21  

107 168.093 -73.236   299.8  114.4 7.66 8.53 

108 168.623 -57.428      6.59  

109 170.064 -41.716 106.6 106.6 171.0 151.0 13.5 5.10 7.77 

110 170.464 -54.358      7.72  

111 170.922 -28.308 23.9 203.9 210.2 8.4 8.6 5.60 5.70 

112 171.919 -49.779 289.3 289.3 289.6 204.7 208.0 7.75 8.09 

113 172.114 -37.996 156.1 156.1 153.1 135.1 140.6 6.90 7.41 

114 172.855 -37.143 97.0 97.0 95.4 3.0 16.9 6.60 8.60 

115 172.836 -32.484 275.1 97.0  38.2  6.86  

116 176.984 -31.299 83.6 83.6 83.1 29.2 20.0 7.59 7.75 

117 178.974 -61.025 151.8 151.8 149.1 22.2 22.9 7.32 7.64 

118 179.431 -36.890   30.7  49.9 6.58 9.16 

119 181.261 -65.577 30.2 30.2 31.8 112.9 102.1 7.06 7.37 

120   3.4 3.4  96.4    

121          

122   200.4 200.4  88.7   4.80 

123   114.4 114.4  5.4    
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1 24 25 26 27 28 29 30 31 32 

No. 
RA_A_GAIA_ 

DR2 

DE_A_GAIA_ 

DR2 

Mean_PA_ 

DUN 

Mean_PA_DUN_ 

CORRECTED 

PA_GAIA_ 

DR2 

Mean_Sep_ 

DUN 

Sep_GAIA_ 

DR2 

vA_GAIA_ 

DR2 

vB_GAIA_ 

DR2 
 

(d, 1826.0) (d, 1826.0) (d, 1826.0) (d, 1826.0, quadrant corrected) (d, 1826.0) ('', 1826.0) ('', 1826.0) (mag) (mag) 

124   41.9 41.9  92.8   6.39 

125   19.7 19.7  440.0   7.12 

126 191.113 -56.228 15.8 15.8 17.0 43.0 34.0 3.99 5.13 

127 192.398 -54.968 138.7 138.7 125.6 12.4 16.9 8.19 8.95 

128 194.205 -48.969 100.0 100.0 98.7 40.0 25.2 4.27 9.35 

129 194.252 -64.369 191.0 191.0 188.0 3.3 5.3 5.58 7.61 

130          

131 195.898 -66.966 331.5 331.5 332.3 63.6 58.4 4.73 7.29 

132   5.0 5.0  2.0    

133 197.872 -60.069 343.8 343.8 342.5 66.1 59.1 4.51 6.15 

134 197.715 -35.790 140.0 140.0    2.87  

135 197.918 -61.094      7.83  

136          

137 200.107 -62.137 13.9 346.1 357.8 12.6 16.2 7.42 8.49 

138 201.797 -25.603   193.0  9.8 5.70 6.63 

139 201.461 -55.259      7.99  

140 203.011 -71.100 90.0 90.0 75.5 7.0 10.8 8.65 9.64 

141 202.670 -53.670 191.6 168.4 164.3 3.0 4.9 5.24 6.57 

142 203.103 -58.351 95.5 95.5 90.7 32.6 33.2 6.45 7.80 

143 204.304 -61.227 30.8 30.8 34.9 10.3 11.7 7.46 7.93 

144 204.710 -46.497 265.0 265.0 256.6 10.0 9.1 8.15 8.93 
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1 24 25 26 27 28 29 30 31 32 

No. 
RA_A_GAIA_ 

DR2 

DE_A_GAIA_ 

DR2 

Mean_PA_ 

DUN 

Mean_PA_DUN_ 

CORRECTED 

PA_GAIA_ 

DR2 

Mean_Sep_ 

DUN 

Sep_GAIA_ 

DR2 

vA_GAIA_ 

DR2 

vB_GAIA_ 

DR2 
 

(d, 1826.0) (d, 1826.0) (d, 1826.0) (d, 1826.0, quadrant corrected) (d, 1826.0) ('', 1826.0) ('', 1826.0) (mag) (mag) 

145 205.423 -66.033 60.0 60.0 51.8 10.0 22.1 7.79 8.98 

146 204.742 -39.644 87.0 87.0 85.3 69.6 51.5 6.88 7.31 

147 205.236 -51.941 322.5 322.5 289.7 12.0 17.9 5.25 7.51 

148 205.456 -32.126 121.6 121.6 110.1 8.6 8.4 4.53 6.02 

149 205.822 -37.400 220.3 220.3 215.4 179.9 179.4 7.60 8.23 

150 206.437 -56.851 265.5 265.5 267.0 50.2 59.2 7.34 8.77 

151 206.457 -55.176 0.0 0.0 301.1  12.8 7.48 9.20 

152 207.732 -44.753    2.0  4.29  

153 208.868 -40.339 76.3 76.3 78.4 75.9 85.2 4.32 8.29 

154 208.798 -35.705 150.0 150.0 130.5 15.0 20.6 8.13 9.79 

155 209.052 -52.853 50.0 50.0 27.5 19.2 23.6 7.82 8.36 

156   140.0 140.0  3.0    

157 209.556 -50.670 160.0 160.0 134.3 13.0 63.2 5.94 8.72 

158   76.0 76.0  6.0    

159   161.7 161.7  9.1  4.75 6.95 

160 213.755 -44.426 213.4 213.4 204.3 122.6 159.2 4.54 8.68 

161   32.0 32.0  47.7    

162 215.636 -45.687 270.0 270.0 241.3  76.2 7.14 12.38 

163 216.458 -53.743 114.5 114.5 112.2 54.9 53.9 7.94 8.31 

164        6.29 9.09 

165   214.3   23.3    
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1 24 25 26 27 28 29 30 31 32 

No. 
RA_A_GAIA_ 

DR2 

DE_A_GAIA_ 

DR2 

Mean_PA_ 

DUN 

Mean_PA_DUN_ 

CORRECTED 

PA_GAIA_ 

DR2 

Mean_Sep_ 

DUN 

Sep_GAIA_ 

DR2 

vA_GAIA_ 

DR2 

vB_GAIA_ 

DR2 
 

(d, 1826.0) (d, 1826.0) (d, 1826.0) (d, 1826.0, quadrant corrected) (d, 1826.0) ('', 1826.0) ('', 1826.0) (mag) (mag) 

166 217.142 -64.206 263.0 263.0 244.0 10.0 16.5 5.22 8.38 

167 217.593 -35.379 170.0 170.0 148.9 50.0 82.3 5.64 9.26 

168 217.600 -54.427 200.0 200.0 201.3 5.0 5.7 8.33 8.60 

169 218.178 -54.853 105.2 105.2 106.9 77.3 67.3 6.04 7.45 

170   0.0 0.0  2.0    

171 220.458 -45.132 213.0 213.0 224.3 20.0 17.1 7.02 9.58 

172 220.025 -65.265    3.0  6.03  

173 220.493 -37.079 150.0 150.0  2.0  4.99  

174 220.919 -45.912 290.7 290.7  3.0  7.25  

175 222.416 -51.217   168.9  5.5 7.41 10.29 

176 224.961 -51.426 249.6 249.6 249.7 71.2 72.4 3.41 6.63 

177 224.973 -48.065 150.0 150.0 146.0 28.5 27.5 3.84 5.68 

178 224.969 -44.608 283.1 283.1 277.6 77.7 39.1 6.43 7.32 

179 225.739 -42.725 49.4 49.4 47.2 11.0 10.4 7.27 8.47 

180   144.2 144.2  24.3   6.84 

181 227.263 -37.736 65.0 295.0 347.5 9.0 29.2 9.57 10.20 

182 227.727 -44.053 173.6 173.6 173.9 19.1 27.7 3.29 8.59 

183 228.522 -38.107   205.8 12.0 89.8 4.58 9.28 

184 228.659 -42.237 155.0 155.0 123.8 14.0 12.4 8.35 9.61 

185 228.953 -50.979 90.0   3.0  6.05  

186 229.855 -57.590 125.0 305.0 296.7 32.6 39.2 8.64 8.72 
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1 24 25 26 27 28 29 30 31 32 

No. 
RA_A_GAIA_ 

DR2 

DE_A_GAIA_ 

DR2 

Mean_PA_ 

DUN 

Mean_PA_DUN_ 

CORRECTED 

PA_GAIA_ 

DR2 

Mean_Sep_ 

DUN 

Sep_GAIA_ 

DR2 

vA_GAIA_ 

DR2 

vB_GAIA_ 

DR2 
 

(d, 1826.0) (d, 1826.0) (d, 1826.0) (d, 1826.0, quadrant corrected) (d, 1826.0) ('', 1826.0) ('', 1826.0) (mag) (mag) 

187 230.341 -46.934 218.0 218.0 237.5 10.0 33.7 7.08 10.23 

188 230.228 -65.717 150.0 210.0 215.6 60.0 84.6 4.07 9.17 

189 231.487 -51.787 310.0 310.0 280.2 56.0 53.5 5.41 10.31 

190 232.268 -57.542 85.0 95.0 90.4 3.0 6.5 7.88 9.92 

191   325.0 325.0  12.0   8.06 

192 233.980 -34.957 50.0 130.0 145.9 35.0 34.0 6.93 7.32 

193 234.411 -54.512   21.1  23.1 5.71 9.05 

194 235.057 -60.211 317.0 43.0 49.4 10.0 45.2 6.27 9.85 

195 235.513 -49.808 7.0 7.0 9.2 5.0 11.8 6.78 7.53 

196 236.448 -33.447 50.1 50.1 46.6 11.2 10.4 5.08 5.59 

197 237.155 -37.888 249.1 249.1 248.7 50.4 115.4 3.42 9.25 

198 237.735 -53.214 180.0 180.0 192.0 30.0 81.3 6.41 9.75 

199 239.236 -38.616 190.0 190.0 185.0 12.0 43.6 6.59 7.98 

200 242.560 -43.486 172.0 188.0 197.4 17.0 41.9 5.84 9.72 

201 242.964 -63.646 32.0 32.0 26.5 14.0 24.1 5.24 9.87 

202 244.907 -41.427 190.0 190.0 181.0 26.0 57.9 5.21 9.69 

203 244.461 -60.511   248.2  37.7 7.86 8.12 

204 245.941 -35.349      6.60  

205   40.0 40.0  16.0    

206 247.082 -48.409   265.5  9.5 5.60 6.79 

207 248.055 -42.051 185.0 185.0 186.3 6.0 11.3 8.86 9.44 
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1 24 25 26 27 28 29 30 31 32 

No. 
RA_A_GAIA_ 

DR2 

DE_A_GAIA_ 

DR2 

Mean_PA_ 

DUN 

Mean_PA_DUN_ 

CORRECTED 

PA_GAIA_ 

DR2 

Mean_Sep_ 

DUN 

Sep_GAIA_ 

DR2 

vA_GAIA_ 

DR2 

vB_GAIA_ 

DR2 
 

(d, 1826.0) (d, 1826.0) (d, 1826.0) (d, 1826.0, quadrant corrected) (d, 1826.0) ('', 1826.0) ('', 1826.0) (mag) (mag) 

208 247.736 -46.761      6.99  

209 249.137 -36.560 210.0 150.0 146.4 14.0 23.7 7.44 8.36 

210 248.632 -55.106   352.6  74.6 8.09 8.59 

211 248.656 -48.006 330.0 210.0 194.2 20.0 45.1 8.12 8.13 

212 252.626 -50.819 228.0 312.0 286.4 5.0 16.2 8.27 8.74 

213 254.362 -46.502 153.0 153.0 165.7 8.0 7.9 6.85 8.37 

214 253.887 -66.957 320.0 320.0 326.2 22.0 27.7 5.81 8.73 

215 256.332 -53.175   62.5 15.0 54.8 8.28 8.86 

216 258.507 -45.674 30.0 330.0 313.3 32.8 103.3 5.68 7.07 

217 259.104 -43.815 148.0 148.0 169.7 8.0 13.9 6.24 8.60 

218   34.0 34.0  60.0   8.93 

219 266.776 -36.828 263.0 263.0 266.2 30.0 45.6 5.69 8.01 

220 271.891 -55.626 170.0 170.0 179.3  31.2 7.94 8.38 

221 272.908 -44.184 180.0 180.0 166.3 40.0 77.1 5.20 9.64 

222 275.344 -38.839   358.6 14.0 21.6 5.59 6.25 

223   40.0 40.0  8.0    

224 280.247 -47.471 115.6 64.4 63.7 78.7 80.7 7.00 7.28 

225 284.682 -52.077   252.9  69.6 7.01 8.38 

226 287.525 -44.775 60.0 60.0 75.5 30.0 26.7 3.99 7.15 

227 294.676 -55.402 165.0 165.0 149.7 30.0 22.7 5.69 6.44 

228   151.0 151.0  24.4    
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1 24 25 26 27 28 29 30 31 32 

No. 
RA_A_GAIA_ 

DR2 

DE_A_GAIA_ 

DR2 

Mean_PA_ 

DUN 

Mean_PA_DUN_ 

CORRECTED 

PA_GAIA_ 

DR2 
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DUN 

Sep_GAIA_ 

DR2 

vA_GAIA_ 

DR2 

vB_GAIA_ 

DR2 
 

(d, 1826.0) (d, 1826.0) (d, 1826.0) (d, 1826.0, quadrant corrected) (d, 1826.0) ('', 1826.0) ('', 1826.0) (mag) (mag) 

229 296.228 -52.347 246.6 246.6 243.7 84.2 80.5 7.57 8.15 

230 301.531 -40.713 97.0 97.0 115.1 65.6 10.1 7.30 7.58 

231 304.614 -71.653 288.3 288.3 291.5 64.4 66.1 6.80 8.78 

232 305.171 -75.938 14.9 14.9 16.6 18.8 17.9 6.42 7.09 

233 305.269 -61.158 78.0 78.0  40.0  4.71  

234 306.320 -47.890 185.0 185.0  5.0  3.07  

235 308.094 -51.107 236.6 123.4 124.3 128.4 122.8 7.96 7.37 

236 312.662 -43.671 73.5 73.5 75.5 63.7 56.4 6.59 6.85 

237 319.757 -59.573      8.28  

238 332.609 -75.894 90.0  75.0 14.0 26.8 6.06 8.76 

239 334.831 -44.637 223.0 223.0 214.8 50.0 60.5 3.80 9.03 

240 335.398 -33.236 157.2 157.2 172.0 31.6 29.8 4.27 7.78 

241 336.694 -32.561 29.4 29.4 30.8 79.8 84.7 5.78 7.40 

242 337.508 -29.227 139.7 139.7 159.9 99.0 87.0 6.27 7.40 

243   90.0 90.0      

244 342.772 -65.231   100.4 60.0 48.3 7.60 9.91 

245 344.507 -60.676 280.0 280.0 291.9 10.0 14.1 7.35 9.79 

246 344.286 -51.626 233.0 233.0 260.7 10.0 8.2 6.18 6.99 

247 346.904 -61.951 278.0 278.0 274.4 30.0 37.5 6.69 8.20 

248 347.751 -51.257 217.0 217.0 210.9 16.0 16.8 6.10 8.82 

249 348.503 -54.763 212.3 212.3 209.7 26.9 27.2 6.08 7.06 
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1 24 25 26 27 28 29 30 31 32 

No. 
RA_A_GAIA_ 

DR2 

DE_A_GAIA_ 

DR2 

Mean_PA_ 

DUN 

Mean_PA_DUN_ 

CORRECTED 

PA_GAIA_ 

DR2 

Mean_Sep_ 

DUN 

Sep_GAIA_ 

DR2 

vA_GAIA_ 

DR2 

vB_GAIA_ 

DR2 
 

(d, 1826.0) (d, 1826.0) (d, 1826.0) (d, 1826.0, quadrant corrected) (d, 1826.0) ('', 1826.0) ('', 1826.0) (mag) (mag) 

250 349.366 -51.236 94.9 94.9 92.0 52.3 50.4 7.49 8.42 

251 352.523 -47.605 270.0  291.4  4.9 6.46 7.24 

252 353.633 -65.374 117.4 62.6 8.0  241.9 5.66 7.04 

253 356.340 -28.012 270.0 270.0 266.3 5.0 7.0 6.78 7.38 

 

 


