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Abstract 

87 double stars were measured for position angle and separation. Data was collected from the WDS and GAIA 
databases and recorded, to be used in categorizing each double star. A 6 inch refractor was used to visually 
measure each double star. Using GAIA parallax information, the law of cosines is used to identify an actual 
distance separation. Proper motion and radial velocity is used to determine space motion, that is, motion in three 
dimensional space. The stars are then categorized into three probable categories: Binary, Common or Similar, 
and Different space motion. A double star that exhibits different space motion is considered an optical pair. If the 
actual distance separation is very large, the possibility exists that outside gravitational forces will overwhelm the 
mutual gravity of the double. That distance is the Jacobi Radius distance, and any star that is outside of that 
parameter is considered an optical double, as is any star that is in the Different Space Motion category. 

 

1. Introduction 

In this monograph the author attempts to define what is commonly known as a double star by describing a 
method of categorizing double stars into three general categories by actual and projected separation, by 
difference in space motion, and by tidal limit. The author also suggests a defined outer limit to the physical 
association of a double star. The definitions include: Binary, where components of the double star orbiting about 
a common barycenter, and will remain in orbit for the life of the stars; Common Space Motion and Similar Space 
Motion pair: Stars that are moving within a limited degree of variance in direction and speed, that is, they share a 
common or similar space motion, but are not necessarily bound in an orbit about a common barycenter; Optical 
pair, that is, two stars that by chance alignment mimic a double star.   

Visual double stars are selected as a regular observing program for astrometry of position angle and angular 
separation then, after observations and measurements are taken, actual and minimum separations are determined 
and adjusted to reflect orbital position using the latest GAIA and WDS information. The doubles are then 
categorized as binary, common or similar space motion, and optical candidates. Stars were chosen for ease of 
observation and accessibility to measurement techniques. Methods include visual observation and manual 
measurement techniques.  

 

2. Equipment  

Telescopic equipment consists of a 150mm Sky Watcher Evostar ED refractor with a focal length of 1, 200mm. 
The telescope is permanently mounted on a pier supporting a Sky Watcher Wave 150i German Equatorial mount 
with GOTO capability.  
The Meade 12mm Astrometric eyepiece has a laser etched micrometer reticle (Fig. 1) that is illuminated with a 
Rigel illuminator. A 1.5x Dakin barlow is fitted to the base of the eyepiece, and the eyepiece is inserted into a 3x 
Televue barlow, giving the Astrometric eyepiece system a total multiplier of 4.5. Thus equipped, the telescope 
operates at an effective focal length of 5, 400mm, or f/36. The resulting magnification is 450x, with an exit pupil 
of 0.33mm. (Fig. 1 and Fig. 2) 
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                    Figure 2: The Meade Astrometric Eyepiece 

                            Figure 1: Astrometric Reticle                                             in its Final Configuration. 

 

Eyepiece calibration was performed via the “drift method” (Argile, et al, 2004) and using 

   k = 15.0411⋅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐⋅𝑡𝑡
50

 

where:     
 k is the scale increment graduation value, in arc seconds,  
 15.0411 is the sidereal rate of Earth’s rotational speed, in arc seconds per second of solar time, 
 cos δ is the cosine of the calibration star’s declination, 
 t is the star drift timing, in seconds of solar time, and 
 50 is the incremental count of the linear reticle scale. 
  
Two stars were used for calibration, 12 timings each. Power to the right ascension drive was removed and the 
calibration stars were allowed to drift along the graduated scale for several iterations until they were able to drift 
exactly along the line, indicating true west. Calibration timings were taken only after the eyepiece was drift 
aligned as described.  

Mean (μ), standard deviation of the sample (s), and standard error of the mean (SE) were determined. Standard 
deviation (σ) was determined for the final result. Table 1 describes the product of the eyepiece calibration 
procedure for each calibration star. 

 

Table 1. Results of calibration procedure.                                                                 

Star Name Epoch Declination μ s SE k 

Capella J2022.3 +46.02114° 19.089 sec 0.106 sec 0.031 sec 3.987" 

Dubhe J2022.3 +61.63450° 28.070 sec 0.144 sec 0.042 sec 4.012" 
 

‘k’ was determined for each star individually, and combining the results of those products yields a value of          
k = 3.9995" (for all intents and purposes k = 4.0"), σ = 0.012. 
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3. Data Collection 

Data is collected for the chosen target from the Stelle Doppie (www.stelledoppie.com) and SIMBAD  
(simbad.cds.unistra.fr) websites, using the latest WDS (Mason, et al, crf.usno.navy.mil/wdstext) and GAIA 
(European Space Agency, www.esa.int) information available, and recorded on each log sheet for later analysis. 
Parallax, Π, and proper motion, μ, along with other parameters are collected and recorded on the log sheet. 
Double stars are chosen so as to remain within the limitations of the equipment and the operator. The nominal 
Rayleigh limit for a 150mm aperture is 0.923", and brighter stars and/or star color may adversely affect that limit 
(Zarenski, 2004; McEvoy, 2016). Therefore, minimum separations are chosen to be approximately twice the 
nominal Rayleigh limit, or ≥ 2.0".  
Magnitudes are limited to ≤ 8.5 so as to avoid using averted vision for reading the scale, and to keep the target 
from being overwhelmed by eyepiece illumination. Magnitude difference (Δm) can also adversely affect 
resolution (McEvoy, 2016), therefore Δm is chosen to be ≤ 3.  
Separation (ρ) is read directly from the graduated center scale line (Fig. 1). Procedure is to position the target on 
the reference line, take one or two readings, then move the target to a different part of the scale to mitigate 
parallax and eyepiece errors. Twelve readings in total are taken.  
Position angle (θ) is determined by removing power from the right ascension axis drive and allowing the target 
star to drift along the central scale line (Fig. 1). After several iterations, the star is made to drift exactly along the 
center scale, indicating true West. Power to the drive is reinstated and the external compass rose is then aligned 
with the eyepiece pointer, ‘calibrating’ the eyepiece. After calibration the eyepiece is rotated so that the central 
scale line matches the alignment of the double star while the external compass rose remains fixed. Readings are 
taken directly from the compass rose (Fig. 2). 

Mean, standard deviation of the sample, and standard error of the mean are calculated to determine actual 
separation and tolerances in arc seconds.  

 

4. Data Reduction 

To determine the distance in parsecs D from the Sun to the components of the double star Π-1 is used, where Π is 
the measured parallax in arc seconds. 
 
To determine the minimum separation between components in astronomical units: 
 
 𝑆𝑆=𝐷𝐷 ⋅ 𝜌𝜌           eq. 1 
 
where S is the minimum separation in astronomical units (AU), and ρ is the measured angular separation in arc 
seconds. 
 
Since S is the minimum separation between components, it assumes that the parallax distance to both 
components of the double star is equal. It also assumes that the orbital plane of the double star is perpendicular 
to Earth’s point of view. The actual orbital plane of the double star is most likely not perpendicular to the Earth’s 
point of view; the orbital plane, if it really exists, could be in any position. Dr. Paul Couteau introduced an 
algorithm (Couteau, 1981) to allow for that possibility, that is, increasing the separation slightly to compensate 
and to give a more realistic view of what that separation might be. McEvoy presents a form of it here (McEvoy, 
2016): 
 
 𝑆𝑆=𝐷𝐷 ⋅ 10(𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙)+0.13                      eq. 2 
 
and S becomes the adjusted, or ‘projected minimum separation’ between the components in astronomical units.  
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With the advent of accurate parallax data from GAIA, a more realistic way to visualize the separation between 
components is to utilize the actual distances to both components (Nugent, 2022). Using the law of cosines 
 

 𝑆𝑆=�𝐷𝐷12+𝐷𝐷22 − 2𝐷𝐷1𝐷𝐷2 ⋅ 𝑐𝑐𝑐𝑐𝑐𝑐 �
𝜌𝜌

3600
�        eq. 3 

                                                                                               
                                                       
where:   S is the actual separation between the components, parsecs, 
  D1 is the distance from our Sun to the primary star, parsecs, 
              D2 is the distance from our Sun to the companion, parsecs, and 
              angle ρ is the measured angular separation in arc seconds, 
 
and using the actual distances, equation 3 gives the spatial separation between these stars. Multiplying this 
separation (in parsecs) by 206, 264.81 yields the spatial, or ‘Actual Separation’ in astronomical units, as depicted 
in tables 2, 3, and 4. 
 
Accuracy of the parallax data was investigated by the author. It was determined that there are indeed some 
corrections that should be made to insure absolute accuracy of the stellar distances. Galactic latitude, stellar 
brightness and color, type of camera, etc., all contribute to parallax measurement errors. It was concluded that, 
for the magnitudes and separations that the author is working with, the mean positional error is on the order of 
10μas (Groenewegen, 2021; ESA, 2026). It was also determined that such a small positional error has little to no 
effect on the outcome of this investigation. 
 
An orbital period of stars that are very far apart can take many thousands of years. Data collected from such a 
system may provide a really long period closed orbit, or maybe a linear solution, or perhaps even a hyperbolic 
solution. Remember that there is no firm outer limit to the orbital radius of a star system, only a decreasing 
probability with increasing orbital radius that the system will survive for the lifetime of the components. 
MacEvoy (McEvoy, 2016) suggests that no stars with a separation of greater than 75, 000 AU have viable orbits, 
that is, orbits that will last for the lifetime of the stars.  
 
While there is theoretically no outer limit to the physical attraction of a double star, practicalities exist. Nouh and 
Sharaf investigated the practicalities of defining such a physical limit (Nouh and Sharaf, 2012). They used 
 
 𝑑𝑑(𝐴𝐴𝐴𝐴)=1.2𝜌𝜌𝑚𝑚𝑚𝑚𝑚𝑚 ⋅ 100.2𝑚𝑚𝑎𝑎(𝑀𝑀𝑎𝑎)1.54        eq. 4 
 
where d is the separation distance in AU, ρmax is a calculated maximum separation in arc seconds, ma is the 
apparent magnitude of the primary component, and Ma is the mass of the primary component in solar mass units.  
 
In the Nouh and Sharaf study equation 4 applies only to orbiting binary candidates. The author maintains that 
there should be a defined outer limit to the physical association of any double star, and suggests that the point 
where the mutual gravitational pull of the stars to each other is overwhelmed by the gravitational influence of 
external forces, such as the gravitational influence of the galaxy, should be that limit.  
 
The ‘Jacobi Radius’, or tidal radius as applied to a double star, provides such a limit. It is based on the mutual 
attraction limit of two solar mass stars; that limit being 1.7 parsecs. MacEvoy (McEvoy, 2016) gives the Jacobi 
limit as 
 

 𝑟𝑟𝑗𝑗=1.7 ⋅ ��𝑀𝑀1+𝑀𝑀2
2𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠

�3
             eq. 5 
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where r j is the Jacobi radius in parsecs, M1 and M2  are the masses of the referenced stars in solar mass units, and 
Msol is 1 solar mass unit (see Addendum). Double stars which are outside of this limit shall be considered an 
optical pair. 
 
The Jacobi radius in this form is reasonably accurate only for those distances where visual double stars can be 
studied locally, that is, within the mass density of a circle whose radius is confined to the Sun’s area of the 
galaxy. In star clusters or at the galactic nucleus the radius would be smaller; the somewhat larger gravitational 
influence distance of the Jacobi radius calculation giving the star pair ‘the benefit of the doubt’. 
 
For ‘Possible Common Distance’ (PCD), parallax standard errors for the components of the double star are 
applied to bring the stars to their nearest possible distance from the each other. If these new distances cause the 
stars to pass each other, that is, if the combined parallax error is greater than the difference in parallax it is 
possible that these stars share a common distance from the Sun. It may speak to spatial orientation or proximity 
and can be an important parameter of ‘Minimum Separation’. 
 
For ‘Projected Minimum Separation’ the associated parallax error is added to each parallax, and the one closest 
star to Earth is chosen for minimum separation (Harshaw, 2018). The distance of that nearest star in parsecs 
multiplied by the angular separation in arc seconds gives the minimum separation in AU. The author uses 
Couteau’s algorithm (eq. 2) where in this case S is the adjusted minimum separation and D is the distance to that 
closest star. Note that the projected minimum separation assumes that the stars must share a common distance 
from our Sun. A projected minimum separation of less than 3, 000 AU is a reasonable indicator of possible 
binary orbit (McEvoy, 2016). 
 
There is another parameter that can be considered in the identification of a binary, and that is the re-normalized 
unit weight error (RUWE). Basically, RUWE gives an indication of whether the parallax measurement is reliable 
or not. If the RUWE for a particular star is ≤ 1.4, a good fit is indicated and the parallax information should be 
reliable for general purposes. If, on the other hand, the RUWE is > 1.4, the indication is that the data is 
unreliable, that is, a bad fit. The implication here is that the bad fit can be caused by the star wobbling, as if there 
was another star close by and in orbit about the target star (Pearce, 2022). The separations and definitions of the 
double stars this article addresses, however, are on the order of hundreds of thousands of AU, thus RUWE is 
somewhat less important for this purpose. 
 
The difference in Space Motion (ΔSM) in degrees as defined by Nugent is the difference in direction and speed 
of the stellar components of a double star as they move through space (Nugent, 2025). Component space 
velocity vectors are given by 
 

 𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠=�𝑅𝑅𝑅𝑅2+ �4.74⋅𝜇𝜇
𝛱𝛱

�
2
        eq. 6 

 
where RV is radial velocity in km/sec, μ is proper motion in arcsec/yr, and Π is the parallax of the star in arcsec. 
Three dimensional vector analysis of equation 6 for each component will provide the difference in their space 
motion, in degrees (see Addendum). This difference is the basis of the following designations (Nugent 2025): 
 
 ΔSM < 15° are designated as Common Space Motion pairs 
 
 ΔSM > 15° and < 30° are designated as Similar Space Motion pairs 
 
 ΔSM > 30° are designated as Different Space Motion pairs 
 
Different Space Motion pairs shall be considered as optical double stars. 
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5. Categorizing Each Observation 
 
The three parameters, that is, Space Motion, Spatial Separation, and Projected Minimum Separation as explained 
above are used to place each measured double star into one of the following categories:  
 
 Possible Binary: Components of the double star orbiting about a common barycenter, and will remain in 
orbit for the life of the stars;  
 
 Possible CSM or SSM, or Common Space Motion and Similar Space Motion pair: Stars that are moving 
within a limited degree of variance in direction and speed, that is, they share a common or similar space motion, 
but are not necessarily bound in an orbit about a common barycenter. These stars may be orbitally bound, but at 
such large separations it is unlikely that they will remain so for their lifespan; 
  
 Possible Optical pair, that is, two stars that by chance alignment mimic a double star. 
 
The Binary candidate (table 2) meets all three of the criteria described above: a ΔSM < 15°, spatial separation < 
75, 000 AU, and a projected minimum separation of < 3, 000 AU. 
 
The CSM candidate (table 3a) has a ΔSM of < 15° and any one of the other two criteria, that is, adjusted 
separation of < 75, 000 AU or an adjusted minimum separation of < 3, 000 AU. Note here that if the ΔSM < 15°, 
projected minimum separation < 3, 000 AU,  but adjusted separation > 75, 000 AU, an orbit is possible but may 
be unstable. 
 
The SSM candidate (table 3b) shares the criteria of the CSM candidate above but has a ΔSM between 15° and 
30°. 
 
The Optical Pair Candidate (table 4) has a ΔSM of > 30° and/or a spatial distance greater than the Jacobi Radius, 
signaling the distinct possibility that the stars in question are unrelated. 
 
Tables 2, 3a, 3b, and 4 follow the Addendum. 
 
 
6. Conclusion 
 
The author has introduced the above criteria as a method of categorizing double stars to identify those that are 
very likely to be true binaries as opposed to those that are physically associated but not necessarily orbitally 
bound, and to introduce a practical limit for a stellar pair inclusion as physical.  
 
Nouh and Sharaf only used double stars which were actual binaries, that is, those target stars which had orbital 
solutions; their definition of maximum limit does not include those stars that are gravitationally bound and co-
moving without necessarily orbiting about a common barycenter. The author takes the definition of the “double 
star” and sets categories and definite boundaries to its definition, using Space Motion, minimum separation, and 
the Jacobi Radius, as defined above, to include those stars that may be physically bound and to exclude those 
stars which are most likely not related at all. 
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Addendum 

 
Jacobi Radius 
 
For Jacobi Radius calculations stellar mass is estimated from visual magnitude and distance.  
 
Absolute magnitude is given by 

http://www.ias.ac.in/article/fulltext/joaa/033/04/0375-0386
http://www.double/
http://www.loganpearcescience.com/research/RUWE_as_an_indicator_of_multiplicity.pdf
http://www.cloudynights.com/documents/Understanding
https://www.cosmos.esa.int/gaia
https://www.cosmos.esa.int/web/gaia/dpac/consortium
http://www.stelledoppie.com/
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 𝑀𝑀𝑉𝑉=𝑚𝑚 − 5 ⋅ 𝑙𝑙𝑙𝑙𝑙𝑙 � 𝑑𝑑

10
�         eq. 1 

 
where MV is absolute visual magnitude, m is visual magnitude, and d is stellar distance in parsecs. Stellar mass is 
then estimated from the mass-luminosity relationship 
 
 𝑀𝑀= �10[0.4⋅(4.83−𝑀𝑀𝑉𝑉)]3.5

            eq.2 
 
where M is the mass of the star in solar mass units.  The Jacobi radius is estimated using the values produced 
from equations 1 and 2: 
 

 𝑟𝑟𝑗𝑗=1.7 ⋅ ��𝑀𝑀1+𝑀𝑀2
2𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠

�3           eq. 3 

 
where r j is the Jacobi radius in parsecs, M1 and M2 are the masses of the referenced stars in solar mass units, and 
Msol is 1 solar mass unit. 
 
 
Space Motion 
 
Nugent defines the difference in space motion in the following manner (Nugent, 2025). From eq. 6 in the main 
text, proper motion in km/sec is given for each component’s right ascension (RA) and declination (DEC) by 
 
 𝑃𝑃𝑃𝑃= 4.74⋅𝜇𝜇

𝛱𝛱
          eq. 4 

 
where PM is the proper motion in km/sec, μ is the proper motion in arc seconds per year, and Π is the parallax of 
the star in arc seconds. Three dimensional analysis of these vectors is accomplished by first adding the products 
of the PM for each component to the product of each component’s radial velocity then dividing by the product of 
their magnitudes.  
 
The scalar product is given by 
 
 𝜂𝜂=�𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝 ⋅ 𝑅𝑅𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠�+�𝐷𝐷𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝𝑝𝑝 ⋅ 𝐷𝐷𝐷𝐷𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠�+�𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝 ⋅ 𝑅𝑅𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠�      eq. 5 
 
where RA and DEC is the PM (eq. 4) of each component, in km/sec, and RV is the radial velocity of each 
component, in km/sec. Thus η is a scalar measure of how closely the primary and secondary component vectors 
align in terms of the direction they point (Nugent, 2025). Nugent refers to this as “the dot product between the 
primary and secondary components”. The magnitude of these vectors is given as 
 

 𝛿𝛿𝑝𝑝𝑝𝑝𝑝𝑝=�𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝2 +𝐷𝐷𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝𝑝𝑝2 +𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝2         eq. 6 

 
for the primary star, and 
 
 𝛿𝛿𝑠𝑠𝑠𝑠𝑠𝑠=�𝑅𝑅𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠2 +𝐷𝐷𝐷𝐷𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠2 +𝑅𝑅𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠2         eq.7 
 
for the secondary.  
 
The difference in the space motion of the components, in degrees, is given as  
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 𝛥𝛥𝛥𝛥𝛥𝛥=𝑐𝑐𝑐𝑐𝑐𝑐−1 � 𝜂𝜂
𝛿𝛿𝑝𝑝𝑝𝑝𝑝𝑝⋅𝛿𝛿𝑠𝑠𝑠𝑠𝑠𝑠

�        eq. 8 

 
 
 
Pickering Revised Scale of Seeing 
 
From Sidgwick, “Amateur Astronomer’s Handbook”, page 467 
 
1.  Airy disc and diffraction rings are blurred together; star image is about twice the diameter of the third 
diffraction ring  
 
2.   Airy disc and diffraction rings are blurred together; image occasionally twice the diameter of the third 
diffraction ring 
  
3.   Airy disc and diffraction rings are blurred together; image about the same diameter of the third ring; the 
central Airy diffraction disk is not visible, but the image is brighter at the center 
  
4.   The central Airy disc is often visible; short arcs of the diffraction rings briefly seen on brighter stars 
  
5.   Airy disc is always visible but is mobile; short arcs of the diffraction rings visible about half the time 
  
6.   Airy disc is always visible though not sharply defined; short arcs of the diffraction rings continuously visible 
  
7.   Airy disc sometimes sharply defined and distinct from rings; diffraction rings seen as long arcs or complete 
circles 
  
8.   Airy disc always sharply defined; innermost ring seen continuously but always in motion 
  
9.   Airy disc and innermost diffraction ring is stationary; the outer rings are momentarily stationary 
 
10. The complete diffraction pattern is stationary 
 
 
Data Tables 
 

Notes to table headings: 
 2025.xxx is Julian Epoch; Seeing is the Pickering revised scale (see Addendum) 
 ‘θ’ is the position angle, in degrees, as measured by the author 
 ‘ρ’ is the angular separation, in arc seconds, as measured by the author 
 ‘s’ is the standard deviation of the sample 
 ‘SE’ is the standard error of the mean  
 ‘ΔSM’ is the difference, in degrees, of the stellar space motion  
 ‘Min’ is the Projected Minimum, in astronomical units  
 ‘Actual’ is the Spatial Separation, in astronomical units  
 ‘rj’ is the Jacobi radius, in astronomical units  
 ‘Code’ is the WDS code (see below),  
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 ‘PCD’ is the possible common distance  
See text for explanations of Projected Minimum, Spatial Separation, Jacobi Radius, and Possible Common 
Distance. 
  
WDS codes: 
  
 C: Orbit and Linear solution. A published orbit exists and this system has a linear solution as well. A ‘C’ 
code, then, indicates both an ‘O’ and an ‘L’ code. 
  
 L: Linear solution. Linear elements for this pair have been determined. Linear Elements Catalog is 
currently under development. 
  
 O: Orbit, briefly described in WDSNOT MEMO and has entry in Orbit Catalog. 
 
 S: Statistically different parallax and proper motion indicates that this pair is non-physical. 
 
 T: Statistically the same parallax within the errors and similar proper motion or other technique indicated 
that this pair is physical. 
 
 U: Proper motion or other technique indicated that this pair is non-physical. 
 
 V: Proper motion or other technique indicates that this pair is physical. 
 
 Y: Statistically different parallax for the components indicates they are non-physical. 
 
 Z: Statistically the same parallax within the errors would indicate the components are physical. 
General Notations: 
An asterisk * in the ΔSM column indicates that the RV for one or both stars was missing from GAIA data listing. 
In those cases where no RV for either star was provided, a value of zero for each was used in the calculation. In 
those cases where only one star was supplied with a RV, that value was used for both. 

An asterisk * in the WDS Codes column indicates that the WDS code does not match the author’s category 
placement. 

 

Table 2: Binary Pairs 

WDS Epoch; Seeing θ, degrees ρ, arcsec  s SE 
Discoverer  ΔSM, degrees Min, AU Actual, AU rj, AU Code PCD 

 

01058+0455 2025.757; P6 084° 33.21"  0.339 0.098 
STF 90AB 3.70°Δ 1, 972.73 59, 340.61 392, 719.26 V No 

14410+5757 2025.360; P6 049° 7.52"  0.225 0.065 
STF 1872AB 0.77°Δ 566.24 21, 807.68 374, 755.55 O, V Yes 
15292+8027 2025.360; P6 079° 31.96"  0.144 0.042 
STF 1972AB 0.36°Δ 939.07 5, 058.02 337, 124.39 T No 
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16133+1332 2025.360; P6 358° 3.98"  0.129 0.037 
STF 2021AB 1.53°Δ 130.39 3, 145.49 332, 488.17 O Yes 
16147+3352 2025.444; P4 245° 7.42"  0.404 0.117 
STF 2032AB 3.00°Δ 226.70 8, 116.84 371, 161.27 O No 
18055+0230 2025.423; P5 118° 6.83"  0.195 0.056 
STF 2272AB 6.39°Δ 46.98 1, 556.14 306, 278.51 O Yes 
18443+3940 2025.554; P5 074° 2.43"  0.065 0.020 
STF 2383CD 3.76°Δ 159.75 57, 066.16 455, 915.43 O Yes 
19392-1654 2025.600; P7 236° 10.05"  0.111 0.032 

S 722AB 1.61°Δ 1,394.79 60,692.59 441, 658.32 T Yes 
19418+5032 2025.554; P5 133° 39.95"  0.064 0.019 
STFA 46AB 2.26°Δ 1, 138.21** 1, 024.27 362, 583.38 O, T Yes 
20152-0330 2025.546; P6 233° 14.27"  0.129 0.037 
STF 2654 6.48°Δ 1, 737.48 23, 869.53 424, 722.45 T Yes 

20467+1607 2025.576; P6 266° 8.77"  0.266 0.077 
STF2727AB 5.48°Δ 418.33 65, 061.03 456, 363.43 O, Z No 
21069+3845 2025.590; P5 154° 32.03"  0.057 0.016 
STF 2758AB 0.36°Δ 151.05** 115.08 268, 344.71 O Yes 
21200+5259 2025.606; P7 114° 6.94"  0.253 0.073 
STF 2789AB 2.43°Δ 768.65 1, 133.84 407, 006.05 O, T Yes 
21208+3227 2025.674; P8 016° 2.74"  0.084 0.024 
STT 437AB 3.38°Δ 262.05 29, 470.63 414, 083.15 O Yes 
21582+8252 2025.715; P6 066° 13.65"  0.090 0.026 
STF 2873AB 10.83°Δ 719.71 36, 798.31 370, 999.99 O, T Yes 
22038+6438 2025.601; P7 274° 8.13"  0.131 0.038 
STF 2863AB 1.22°Δ 333.08 12, 672.92 418, 472.42 O Yes 
22490+6834 2025.756; P8 056° 4.64"  0.235 0.068 
STF 2947AB  3.48°Δ 383.50 36, 649.55 412, 682.18 T No 
23186+6807 2025.664; P5 225° 3.04"  0.179 0.052 
STF 3001AB 6.93°Δ 249.89 8, 355.22 452, 321.92 O Yes 
23595+3343 2025.855; P4 344° 2.67"  0.097 0.028 
STF 3050AB 4.07°Δ 106.09 1, 973.90 371, 227.76 O Yes 

Notes to Table 2, Binary Pairs: 
19418+5032, STFA 46AB: The un-adjusted value for minimum separation is 844.14 AU. This binary star is very 
close to minimum separation. 

21069+3845, STF 2758AB: The un-adjusted value for minimum separation is 112.11 AU. This binary star is 
very close to minimum separation. 
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Table 3a: Common and Similar Space Motion Pairs, Common Space Motion 

WDS Epoch; Seeing θ, degrees ρ, arcsec  s SE 
Discoverer ΔSM, degrees Min, AU Actual, AU rj, AU  Code PCD 

 

00369+3343 2025.715; P6 174° 36.06"  0.125 0.036 
H   5  17AB 8.19°Δ 8, 381.48 525, 525.13 573, 070.03  Yes 
00499+2743 2025.819; P6 116° 4.10"  0.167 0.048 

STF 61 3.05°Δ 487.66 92, 380.46 467, 679.19  Yes 
12357-1201 2025.329; P4 351° 28.13"  0.031 0.038 

STF 1659AB 1.07°Δ* 3, 229.34 353, 260.05 397, 686.87  No 
13376-0752 2025.359; P6 039° 2.63"  0.199 0.058 

STF 1763AB 11.71°Δ 789.15 228, 529.39 487, 791.57  Yes 
13431+0332 2025.329; P4 228° 2.60"  0.249 0.072 

STF 1777 0.36°Δ 264.04 189, 423.72 443, 060.87  No 
13591+2549 2025.324: P5 243° 4.75"  0.261 0.075 

STF 1793 5.85°Δ 1, 139.69 327, 413.17 465, 440.87  Yes 
15360+3948 2025.442; P6 328° 120.85"  0.320 0.092 

STT 298AB, C 0.83°Δ 3, 657.09 17, 477.42 326, 802.02 Z, V No 
17065-1356 2025.480; P8 184° 2.52"  0.249 0.072 
STF 2119 2.26°Δ 389.05 173, 456.75 415, 771.13  No 

17391+0202 2025.494; P8 328° 111.46"  0.651 0.188 
SHJ 251AB 9.15°Δ 15, 510.95 89, 840.43 455, 590.87 Z Yes 
19153+1505 2025.589; P5 267° 89.93"  0.253 0.073 
STTA 178 1.45°Δ 22, 241.17 449, 649.12 530, 256.70  Yes 

21105+1958 2025.554; P5 028° 2.44"  0.225 0.065 
STF 2767AB 5.19°Δ 492.97 180, 603.36 434, 703.59  Yes 
21580+0556 2025.655; P7 056° 10.89"  0.172 0.050 

STF 2848 9.49°Δ 1, 612.24 154, 928.73 441, 160.09 Z No 
22218+6642 2025.699; P7 097° 4.17"  0.134 0.039 

STF 2903 10.05°Δ 1, 296.03 480, 301.57 510, 798.39 Y* No 
23075+3250 2025.715; P6 145° 8.2"  0.990 0.029 

STF 2978 3.30°Δ* 1, 521.07 188,792.17 484, 691.15 V Yes 

Notes to Table 3a, Common proper motion pairs: 
22218+6642, STF 2903: May actually be a physical CSM pair 
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Table 3b: Common and Similar Space Motion Pairs, Similar Space Motion 

00026+6606 2025.721; P7 070° 15.05"  0.155 0.045 
STF 3053AB 28.44°Δ 4, 961.85 6, 221.46 556, 632.72  Yes 
01001+4443 2025.855; P4 194° 7.91"  0.142 0.041 

STF 79 29.17°Δ 1, 566.88 228, 308.77 510, 993.82 O, T Yes 
02370+2349 2025.855; P4 275° 38.02"  0.072 0.021 
STFA 5AB 20.65°Δ 2, 275.18 102, 877.60 393, 294.23 Z, V No 

16396+2300 2025.423; P6 091° 16.96"  0.689 0.199 
STF 2079 21.57°Δ 3, 174.25 49, 274.66 446, 908.77 T Yes 

18057+1200 2025.445; P4 257° 7.33"  0.268 0.077 
STF 2276AB 15.48°Δ 1, 685.94 102, 586.50 488, 331.07  Yes 
21330+2043 2025.576; P6 360° 3.55"  0.289 0.084 
STF 2804AB 16.64°Δ 284.91 2, 355.05 379, 469.66 C Yes 

 
 
Table 4: Optical Pairs 

WDS  Epoch; Seeing θ, degrees ρ, arcsec  s SE 
Discoverer ΔSM, degrees Min, AU Actual, AU rj, AU Code PCD 

 
00080+3123 2025.819; P6 113° 110.9"  0.180 0.052 
STTA 256AB 134.19°Δ 19, 266.93 12, 530, 890.57 482, 595.58 Y No 
00174+0853 2025.699; P7 235° 3.95"  0.099 0.029 
STF 22AB, C 3.77°Δ 354.18 2, 010, 368.42 412, 250.15  No 
00464+3057 2025.716; P6 046° 47.88"  0.256 0.074 
STFA 1AB 38.14°Δ 4, 509.79 25, 148, 943.23 458, 739.62 L, Y No 

01057+2128 2025.721; P7 159° 29.96"  0.111 0.032 
STF 88AB 5.33°Δ 3, 524.92 1, 132, 719.48 509, 283.55 T* Yes 

01493+4754 2025.819; P6 197° 1.99"  0.084 0.024 
STF 162AB 33.36°Δ 362.32 3, 697, 752.06 490, 779.27 T* No 
02124+3018 2025.855; P4 067° 4.01"  0.084 0.024 

STF 227 7.08°Δ 407.11 2, 058, 238.17 482, 652.50 O* No 
12289+2555 2025.324; P7 251° 145.96"  0.298 0.086 
STFA 21AB 28.67°Δ 14, 010.46 1, 108, 329.44 469, 827.12  No 
13134-1850 2025.324; P3 032° 4.96"  0.317 0.091 

SHJ 161 10.66°Δ 1, 352.75 884, 781.95 517, 262.19 Y No 
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14234+0827 2025.329; P4 195° 6.54"  0.351 0.101 
STF 1835AB, C 18.96°Δ 611.22 6, 737, 396.28 481, 079.52 V* No 

14538-0024 2025.401; P8 217° 83.33"  0.246 0.071 
STTA 131AB 141.87°Δ 8, 535.76 48, 335, 749.96 466, 923.99 L, Y No 
16060+1319 2025.401; P8 322° 39.29"  0.463 0.134 
STF 2007AB 68.80°Δ 9, 559.68 13, 814, 595.33 504, 296.09 L, Z* No 
17146+1423 2025.444; P4 103° 4.52"  0.225 0.065 
STF 2140AB 10.54°Δ 586.30 1, 930, 569.19 581, 946.74 O* Yes 
17237+3709 2025.423; P4 319° 3.94"  0.113 0.033 
STF 2161AB 7.22°Δ 522.92 2, 415, 725.09 544, 670.65  No 
17246+3913 2025.401; P8 197° 90.42"  0.163 0.047 

S 689AB 25.11°Δ 13, 808, 50 41, 292, 298.56 484, 346.37 Y No 
18029+5626 2025.480; P8 030° 35.63"  0.361 0.104 

STF 2278 31.13°Δ 5, 729.70 18, 294, 549.80 452, 296.10  No 
18362+4117 2025.546; P6 163° 5.05"  0.084 0.024 

STF 2351 13.81°Δ* 1, 506.07 955, 681.36 497, 477.16 Y No 
18497-0555 2025.494; P8 171° 111.88"  0.406 0.117 
H  6  50AC 123.11°Δ 27, 244.69 88, 155, 359.22 597, 508.82  No 
18535+7547 2025.445; P4 218° 5.67"  0.246 0.071 

STF 2452 23.56°Δ 1, 860.89 2, 582, 854.66 534, 847.27  No 
18545+0154 2025.480; P8 112° 94.67"  0.494 0.143 
STTA 176AB 97.41°Δ 9, 878.50 34, 256, 626.11 469, 185.24 Y No 
19050-0402 2025.576; P5 211° 39.71"  0.029 0.060 

SHJ 286 20.98°Δ 5, 078.24 20, 671, 075.53 516, 943.61 Y No 
19200+0535 2025.494; P8 356° 29.75"  0.426 0.123 

STF 2497 5.58°Δ 6, 677.48 6, 984, 104.78 472, 518.69 V* No 
19307+2758 2025.480; P8 054° 34.25"  0.238 0.069 
STFA 43AB 13.11°Δ 4, 899.99 2, 220, 928.74 602, 848.25 S No 
19332+6010 2025.606; P7 287° 75.41"  0.388 0.097 

STFA 44 42.59°Δ 42, 580.70 169, 259.01 587, 252.70 Z* Yes 
19364+3541 2025.546; P6 034° 43.35"  0.129 0.037 
ARN 82AB 13.24°Δ* 26, 648.53 5, 166, 016.64 543, 060.47  Yes 
20060+3547 2025.576; P6 028° 36.04"  0.123 0.036 
SHJ 314AF 0.48°Δ* 85, 728.48 8, 296, 978.34 779, 170.84  Yes 
20066+0735 2025.494; P8 186° 64.88"  0.250 0.072 
STTA 198AB 16.79°Δ 10, 855.82 4, 919, 166.47 462, 249.33 Z* No 
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20126+0052 2025.655; P7 205° 2.86"  0.146 0.042 
STF 2644 108.09°Δ 588.29 378, 831.01 488, 532.38  Yes 

20196+1300 2025.590; P5 322° 27.85"  0.149 0.043 
STF 2664 2.28°Δ 8, 586.33 2, 008, 844.97 483, 474.74  Yes 

20302+1925 2025.606; P7 288° 107.28"  0.293 0.084 
S 752AC 24.17°Δ 70, 700.44 6, 463, 455.26 611, 393.97  No 

20312+1116 2025.554; P5 255° 17.43"  0.359 0.104 
STF 2690A, BC 67.46°Δ 860.00 50, 764, 365.07 488, 292.16  No 

20368+1444 2025.600; P7 290° 25.23"  0.198 0.057 
STF 2703AB 0.73°Δ* 11, 269.27 958, 019.97 504, 527.33 T* Yes 
20493+5845 2025.663; P7 268° 94.04"  0.202 0.058 
STTA 211 44.18°Δ* 11, 440.67 32, 643, 478.97 483, 794.88 L, U No 

21041-0549 2025.546; P6 200° 2.46"  0.144 0.042 
STF 2745AB 5.53°Δ* 574.44 899, 753.58 523, 476.67  Yes 
21105+4742 2025.655; P7 190° 137.03"  0.326 0.094 
STTA 215AC 20.43°Δ 62, 069.23 82, 177, 537.21 624, 198.84  No 
21197+0931 2025.601; P7 190° 2.75"  0.177 0.051 

STF 2786 5.65°Δ 769.65 2, 082, 978.94 484, 293.64  No 
21238-0635 2025.699; P7 093° 59.2"  0.241 0.070 

S 788 86.39°Δ 5, 167.34 71, 944, 556.93 473, 898.78 L, U No 
21520+5548 2025.756; P8 197° 18.34"  0.239 0.069 
STF 2380AB 28.90°Δ 4, 798.10 8, 616, 110.25 566, 130.46 L, U No 
21523+6306 2025.663; P7 173° 2.04"  0.097 0.028 
STF 2845AB 7.68°Δ 2, 163.43 30, 517, 734.73 616, 113.36  No 
21543+1943 2025.590; P5 110° 22.23"  0.198 0.057 

STF 2842A, BC 8.34°Δ 3, 219.54 955, 160.27 458, 238.24 Y Yes 
21572+6609 2025.721; P7 127° 101.14"  0.247 0.071 

ARY 43 51.03°Δ 45, 087.28 27, 894, 640.35 612, 802.61  No 
22083+6959 2025.674; P8 207° 67.19"  0.181 0.052 

ARY 45 2.95°Δ* 21, 570.95 1, 558, 872.27 488, 712.31  No 
22292+5825 2025.721; P7 192° 40.95"  0.146 0.042 
STFA 58AC 110.81°Δ 14, 919.25 1, 691, 377.43 664, 174.25 T* Yes 
22359+3938 2025.663; P5 186° 22.33"  0.215 0.062 
STF 2922AB 6.56°Δ 13, 502.33 14, 049, 294.91 684, 097.94  No 
22497+4031 2025.674; P8 262° 5.32"  0.125 0.036 

STF 2946 10.49°Δ* 588.11 535, 848.99 393, 707.42 Y No 
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23191-1328 2025.819; P6 353° 12.24"  0.216 0.062 
STF 2998AB 5.91°Δ 370.22 606, 989.87 368, 457.36 L No 
23281-0228 2025.699; P7 046° 57.14"  0.172 0.050 
CBL 194AC 1.64°Δ 9, 025.94 5, 957, 651.36 424, 498.46 V* No 
23300+5833 2025.675; P8 269° 75.97"  0.094 0.027 
SHJ 355AC 30.98°Δ 20, 507.22 1, 363, 086.90 569, 414.18  No 
23590+5545 2025.756; P4 326° 2.92"  0.179 0.052 
STF 3049AB 21.65°Δ 1, 362.49 12, 277, 198.72 636, 281.55  No 

Notes to Table 4, Optical pairs: 
01057+2128, STF 88AB: Actual separation is ~ 2 times the Jacobi radius 

01493+4754, STF 162AB: Actual separation is ~ 7 times the Jacobi radius 

02124+3018, STF 227: Orbit questionable at such distances; actual separation is ~ 4 times the Jacobi radius 

14234+0827, STF 1835AB, C: Actual separation is ~ 14 times the Jacobi radius 

16060+1319, STF 2007AB: Actual separation is ~ 27 times the Jacobi radius 

17146+1423, STF 2140AB: Orbit is questionable at such distances; actual separation is ~ 3 times the Jacobi 
radius 

19200+0535, STF2497: Actual separation is ~ 14 times the Jacobi radius 

19332+6010, STFA 44: ΔSA > 30° 

20066+0735, STTA 198AB: Actual separation is ~ 10 times the Jacobi radius 

20368+1444, STF 2703AB: Actual separation is ~ 2 times the Jacobi radius 

22292+5825, STFA 58AC: Actual separation is ~ 2.5 times the Jacobi radius 

23281-0228, CBL 194AC: Actual separation is ~ 14 times the Jacobi radius 

 

 


