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deserves a separate report.

1. Introduction and Historical Research

Kruger 60 AB is certainly one of the most interest-
ing WDS objects — only about 13 light years distance
from our sun, very high proper motion speed of nearly
1 arc second per year, fast orbit of ~45 years, and the
secondary is a variable star with a very short period of 8
minutes. As the fast orbit suggests there is a strong
gravitational relationship between the two components
with an average distance of only about 10 AU.

A bit unclear to us is the large number of additional
components obviously not sharing the proper motion of
the AB pair. While this might be explained for the
“older” components listed by simply not being aware of
this fact, it cannot be assumed for the more recently
“discovered” components — one gets the impression
these were added because they were found in images in
the same field of view as KR 60 AB. With this logic we
could easily double the number of components by add-
ing the many stars around KR 60 not yet identified as
companions (see Figure 1). We chose not to do that,
but instead simply measured all components listed so
far even though we are aware that KR 60 AB’s high
rate of proper motion will make all measurement results
“obsolete” at the moment of addition to the WDS cata-
log due to the time lag of publication.

Historical Information and Details of KR 60

KR 60 is an intriguing multiple star with a few
characteristics not commonly seen in a single star. The
AAVSO web site designates it as DO Cep, a UV type
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Figure 1: KR60 field of view near the center of an iT24 1x60s I-
filter image of Bessel epoch 2016.658. North is at the top, east at
the left

variable star, with a magnitude range of 10.3 to 11.4. In
1988 it was also classified as a flare star. In addition,
KR 60 AB is an orbital pair with a period of 44.67
years specified in the WDS. The separation of the AB
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148 PUBLICATIONS OF THE LICK OBSERVATORY.
| - l - T T - T D I ’i
K Cat:&;ue. | @ 1875. ‘ 8 1875. ‘ Magnitudes. Notes. I
“60 | 13,170 | 22 23 32 ‘ 57 43 |  ...g1 |Dupl 12" pr. Com.93.
61 13,262 | 22 29 37 57 338 | ...9.4 | Dupl |
62 13,727 ‘ 23 0 12 ‘ 62 43.3 9.1...0Q.I Dupl. 5". !
63 13,901 23 11 5 | 61 16.9 ...68 | Dupl? |

64 13,912 | 23 12 1 55 1.2 ... 9.3 Dupl. 2" seq.

65 14,171 | 23 28 14 59 54 - | Dupl. pr. Com. g.4.
66 14,208 23 31 56 60 o8 L2 Dupl.?
67 14,673 : 23 59 33 | 6o 103 ‘ ..6.0 | Dupl, 3" bor. Com. 9.4.
Jrom

Measures of Stars Noted as Double in Krueger's Catalog of the Astronomische Gesellschaft, Zones 35°to 65°
by S.W. Burnham in Publications of Lick Observatory, Vol. II (1894), p. 148

Figure 2. Krueger's notes on double stars from his A.G. survey. The numbers were as-

signed by Burnham.

pair is currently increasing, having reached its closest
point in 2015, 1.396”. The AB pair also has a rather
high rate of proper motion, which is a reflection of its
13.05 light year proximity to us. Also intriguing are the
number of components associated with KR 60. The
WDS currently lists it with a total of twenty, which
aroused our curiosity as to what prompted their addition
and is the primary motivation for our research. As with
any star associated with a large number of components,
the devil is in the details, some of which frequently re-
quired considerable effort to untangle.

A cursory look at the many components of KR 60
and the dates of their first measures listed in the WDS
leads to the initial impression the A and B components
are the original pair. A closer look reveals the first ob-
servation date of the I component precedes the B com-
ponent by seventeen years, 1873 versus 1890, leading
to the conclusion the I component was the original sec-
ondary of KR 60. However, further research revealed
that wasn’t the case.

The KR prefix refers to Adalbert Krueger (1832-
1896), who in 1873 was conducting observations for
the Astronomische Gesellschaft Catalog. The first step
on the path back to Krueger’s 1873 observation of the
star that became the I component began with looking at
S.W. Burnham’s General Catalogue of Double Stars
(Burnham, 1906). On page 987 of Part II (the second
volume) of that catalog, Burnham includes this cryptic
note on KR 60: “Noted by Krueger in A.G. Hels.,
‘dupl. 12 pr. Com 9.3 in 1873.73.” Stumped by the
reference to A.G. Hels., the next step was to look up
Burnham’s notes on the KR prefix, which were found
on p. vii of Part II. His note there was more enlighten-
ing: “Stars noted as double by Krueger in 4.G. Hel-
singsfors-Gotha. The first measures of these pairs are
found in Publications of Lick Observatory, Vol. 11.”

A Google book search produced the Lick publica-
tion referenced above by Burnham (Burnham, 1894).

The first table shown by Burnham (pp. 147-148) con-
sists of stars which were designated as double by Krue-
ger (Figure 2: KR 60 is on the top line). For the pair
Burnham has designated as KR 60, Krueger shows
magnitudes of 9.1 and 9.3. There are no measures of
position angles or separations listed in this table, but
estimated separations are found in the Notes column,
where Krueger includes the note referring to a 12” pair
mentioned above by Burnham. In his introductory ma-
terial to the table Burnham states Krueger’s notes were
“appended concerning such of the stars as appeared
double in the meridian instrument” (p. 147). There’s a
second table (pp. 149-150) which consists of Burn-
ham’s measurements of each of Krueger’s stars listed in
the first table. That table lists Burnham’s 1890
measures for the AB and AC pairs, but no mention is
made of the 1873 component which is designated as I
by the WDS.

Given that the 1873 Obs1 data in the WDS for the
Al pair lists a separation of 195.35", it is clear the com-
ment in Krueger’s Notes does not refer to what is now
the I component. In fact, at this point in our research it
was not at all clear which component Krueger was re-
ferring to with the 12” separation. That led to a search
for the publication in which he listed his 1873
observation, which fortunately turned up in Google
books despite it’s formidable title: Catalog von 14680
Sternen zwischen 54° 55° und 65° 10’ Nordlicher
Declination 1855 fiir das Aequinoctium 1875 nach
Beobachtungen am Achtfiissigen Reichenbach schen
Passagen-Instrument der Helsingsforser Sternwarte auf
der Sternewarte der Universitit Helsingfors in den
Jahren 1869 bis 1876 und auf der Herzoglichen
Sternwarte zu Gotha in den Jahren 1877 bis 1800 von
A. Krueger. (Krueger’s publication is actually the
fourth volume of the 1890 Astronomische Gesellschaft
Catalog, covering declinations between 55 and 65 de-
grees).
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Zone 55° bis 65°. Helsingfors-Gotha. 265

Nr. Gr. A.R. 1875 Praec, |Var.saec.] Dedl. 1875 Praec. |Varssec| Ep. Zonen B.D.

13166 | 7.0 | 22 23 11.32 | +1.9816| +0.0132 | + 63 19 4.6 | +18.292| +o.111 | 77.7 | 512 515 63 1830
13167 | 9.2 23 17.27 2.0553| o©0.0136 61 42 1.1 18.295| o.115 75.9 463 467 61 2291
13168 | 8.2 23 19.26 | 2.0149| 0.0139 62 37 46.0 18.296| o.113 770 | 488 509 62 2084
13169 | o.1 23 23.04 2.0539| 0.0136 61 45 48.7 18.300| o.11% 759 | 463 467 61 2300
13170 | 9.13 23 32.35 | 2.2288| o.0164 57 4 163 18.304| o.125 | 73.7 | 307 310 56 2783
13171 | 9.4 | 22 23 33.62 | +1.9062| +0.0116 | + 04 54 11.8 | +18.305| +0.106 820 | 528 R 64 1667
13172 | 8.6 23 35.06 | 2.2761 0.0165 55 33 74| 18305 o0.128 |74.173.5] 14 173% 657 55 2753
13173 | 9.2 23 37.15 2.0298| 0.0142 62 21 52.5 18.307| o©.113 77.0 | 487 514 62 2086
13174 | 9.0 23 40.25 2.1889| o0.0162 58 18 3.3 18,309| o0.122 739 | 336 337 58 2438
13175 | 9. 23 41.13 1.9135| o©.0n8 64 47 32.3 18.309] o©.106 820 | 526 R [64 1668)
13176 | 8.9 | 22 23 42.14 | +2.2062| +0.0163 | + 57 48 3.2 | +18.310| +0.124 78.9 175 R 57 2542
13177 | 8.3 23 43.63 | 2.2319| o.0165 57 1240 18.311| oaz25| 72.8 | 202 307 56 2784
13178 | 7.9 23 45.25 1.9878| o0.0135 63 18 524 18.312] oaro | 787 | 512 315 683 63 1851
13179 | 9.3 23 47.78 2.2178| o0.0164 57 28 31.§ 18.313] o.r24 |73.072.7] 1817 315 57 2541
13180 | 7.8 23 52.00 2.2504| 0.0160 56 16 55.5 18.316| o.126 718 30 310 56 2785

from

Catalog von 14680 Sternen zwischen 54° 55" und 65 10' Nordlicher Declination 1855 fur das Aequinoctium 1875, Adalbert Krueger, 1890, Lepizig, p. 265

Figure 3. Krueger's 1873 A.G. observations. Nr. 13170 is KR 60 A; Nr. 13177 is KR 60 L.

Krueger’s volume is a list of individual stars in or-
der of right ascension. Each listing includes his catalog
number for each star, its coordinates, and the star’s BD
number (Bonner Durchmusterung). There is no attempt
made in the catalog to locate double stars, thus there is
no separation or position angle, and additionally there
is no column for notes (Figure 3). Burnham included
Krueger’s catalog number for the A component of KR
60 in the Lick publication referred to above, so it was a
simple matter to locate it in Krueger’s catalog. Also,
since both KR 60 A and KR 60 I have BD numbers
assigned, locating the star in Krueger’s catalog that is
now the I component was also easy to do. (Kruegers
catalog numbers for the two BD stars are 13170 and
13177, respectively, and the BD numbers are +56 2783
and +56 2784, respectively).

With Krueger’s 1873 coordinates now located for
both the A and the I components, all that was necessary
was to plug the RA and declination numbers into a
spreadsheet in order to compute the 1873 separation
and position angles. That resulted in a separation of
195.311" and a PA of 151.906 degrees. The WDS
Obs1 data for 1873 is 195.35" and 151.9 degrees, so it’s
safe to say those numbers are based on Krueger’s 1873
coordinates. In fact, the WDS numbers correspond to
the data listed by Burnham on the second page of his
entry on KR 60 in his 1906 catalog (p. 988), which is
referred to there as “A and DM (56°) 2784, the latter
number, as already mentioned, being the BD number
for what is now the I component of KR 60. Since
Burnham didn’t add that star to the KR 60 system in his
1906 catalog, it was apparent the addition was made
some time after several of the other components were
added in 1900 and 1912. However, at that point in our
research it wasn’t clear what would prompt the decision
to add a star at that distance which is also 1.6 magni-
tudes brighter than the primary and has no gravitational

relation to it.

That still left a question regarding identity of the
9.3 magnitude component at a distance of 12.3" re-
ferred to above in Krueger’s notes by Burnham. That
mystery was resolved by pulling up an Aladin image of
KR 60, loading Simbad into it, and then using the
epoch slider to return the stars in the image to their
1873 positions. That resulted in KR 60 A being located
11" from what is now the C component of KR 60,
which has a WDS magnitude of 10.53. That’s not quite
the 9.3 magnitude referred to by Krueger, but his esti-
mated separation of 12" would indicate this is the star
he was referring to in his notes. KR 60 C was never
assigned a BD number, so it isn’t possible to use Krue-
ger’s 1873 catalog positions to compute the 1873 sepa-
ration of the two stars (Krueger didn’t include a posi-
tion angle). During our research we found that Eric
Doolittle had arrived at the same conclusion in 1900.
Based on the known motions of A and C, he computed
an 1873 position angle of 41.0 degrees and a separation
of 11.76" for the two stars (Doolittle, 1900). So as it
turns out, the reference to a star at an estimated distance
of 12" in Krueger’s notes refers to what is now the C
component of KR 60, not the star which is now the I
component. In effect, the C component of KR 60 was
historically the original secondary of KR 60.

With regard to the many other components of KR
60, S. W. Burnham was the first to provide measures of
the AB and AC pairs, which he did in 1890. His 1906
catalog lists the initial AB and AC measures on p. 987.
That same page also contains Burnham’s diagram of
the orbital motion of the B component between 1890
and 1906, as well as the direction of the proper motion
of the primary (Figure 4.) Using the C component as a
reference point, Burnham estimated a rate of motion
of .0942" per year in the direction of 245.2 degrees.

The rapid proper motion of KR 60 AB soon cap-
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Figure 4. Burnham's diagram of orbital motion of AB. The direc-
tion of proper motion is shown at the lower left.

tured the attention of both Eric Doolittle and E.E. Bar-
nard. In 1900, in a short piece in issue number 486 of
the Astronomical Journal, Doolittle combined his own
1898 and 1900 measures of AB with Burnham’s 1890
measures to arrive at proper motion rate of .093" per
year in the direction of 247.9 degrees. One of the stars
used by Doolittle for a reference point in determining
the proper motion of A was the star which is now the I
component of KR 60, which he referred to by Krue-
ger’s 1890 catalog number, 13177 (Doolittle, 1900, p.
47).

Doolittle’s work caught the attention of E. E. Bar-
nard, who responded quickly in issue 488 of the Astro-
nomical Journal (Barnard, 1900) with measures for the
D and E components of KR 60. Referring to KR 60
AB, Barnard, who at that time was at Yerkes Observa-
tory, wrote, “This star is likely to be of considerable
interest, and I have therefore made a series of measures
with the 40-inch, introducing two other smaller stars to
more thoroughly explain hereafter the character of the
motion.” (p. 64). Because the AB pair was actually a
discovery by Burnham, not Krueger, Barnard also sug-
gested the pair be designated as B 1291, a suggestion
which wasn’t accepted because Burnham had already
used that designation for another star (Barnard, 1903, p.
172).

In 1903 Barnard returned to the pages of the Astro-

nomical Journal (Barnard, 1903) with 1901 and 1903
measures of an additional star which he designated as
F. In that paper he was primarily concerned with using
the known measures of AB at that date to establish the
motion of B was not rectilinear, but due to orbital mo-
tion. He also used the star which became the I compo-
nent, which he also referred to as Helsingfors-Gotha
A.G.C. 13177, to continue to establish the large proper
motion of the AB pair.

In 1916 Barnard published a lengthy paper in the
Monthly Notices of the Royal Astronomical Society
which included the first measures of the G and H com-
ponents, which he had made in 1912. Barnard was very
specific as to why he chose to add the two stars to the
KR 60 system: “Two additional stars have been ob-
served, to be used in future observations of A when it
has receded too far from C.” (Barnard, 1916, p. 602).
In addition, he provided measures for several other
stars in the vicinity of A for which he omitted letter
designations. Barnard also stated (p. 592) that he had
determined a parallax for A of .249", which was a re-
sult of a study he had published previously in a 1908
MNRAS paper (Barnard, 1908). That parallax is re-
markably close to the current figure in Simbad
of .24994". Also, while reading through Barnard’s
1908 MNRAS paper, we found he had refined his
measure of the direction of proper motion for AB from
247 degrees to 238 degrees, which is notably close to
the 240.57 degrees we found when comparing URAT1
coordinates to 2MASS coordinates. Barnard’s plots of
the orbital motion of the AB pair and the proper motion
of the pair are included elsewhere in this paper as Fig-
ures 5 and 6. Also included here as Figure 7 are Bar-
nard’s 1908 and 1915 images showing the orbital mo-
tion of B around A, as well as the proper motion of the
AB pair relative to C.

Given that Barnard’s designations for the compo-
nents of KR 60 had reached the letter H as of 1916, it
seemed likely the I component would show up in R.G.
Aitkens 1932 General Catalogue of Double Stars. A
search through the second volume for KR 60 did in fact
show the addition of the I component (Aitkens, 1932, p.
1386), although the first measures listed are Burnham’s
1906 and 1910 measures. No mention or reference is
made to the measures derived by Burnham from Krue-
ger’s 1873 coordinates.

Turning to J, which was the next component added,
AJ and BJ (HEL 4 in the WDS) were first measured as
part of a 2009 speckle survey conducted with the 200
inch and 10 meter Keck II telescopes (Helminiak, et.al,
2009). The star labeled in Table 6 on p. 415 of the pa-
per as GJ 860 1-3 is the AJ pair, and the star labeled GJ
860 2-3 is the BJ pair. The first measures listed in the
WDS, which are dated 1999, are from 2MASS
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from
Stars, Double and Multiple, Observations of the Double Star Krueger 60 (Burnham Gen. Catalog 11761)
by E. E. Barnard, MNRAS, Vol. 76, p. 593

Figure 5. Barnard's plot of orbital motion based on first twenty-
five years of data.

measures.

The K component, HZE 5 AK, was actually discov-
ered before the J component. It was added during a
2006 survey for exo-planets around sun-like stars
(Heinze, et. al., 2010). The measures for the AK pair
can be found in Table 10 (p. 1565) of the resulting pa-
per, where the pair is identified as GJ 860 A. The
Heinze measure is the only measure listed in the WDS
for the pair (we attempted to measure it, but were una-
ble to resolve it). As we identified the various compo-
nents of KR 60, the K component initially eluded us. It
was finally located after loading Simbad into Aladin
and moving the epoch slider to the date of its single
observation, 2006, which placed KR 60 AB at a dis-
tance and position angle which matched the 2006
measures of Heinze, 7.24" and 0.25 degrees. In the
Aladin image, K appears immediately off the west edge
of AB at a distance of 11.8" and a position angle of 270
degrees. The rapid proper motion of the AB pair com-
bined with the close proximity of K is responsible for
the amazing change between the 2000 epoch of the Al-
adin image and the 2006 Heinze observation.

In 1999 another nine components were added as
FYM 118, all of them in the 15™ magnitude range.
Those measures were initially made in 2012 by Marcel
Fay (Fay, 2013), but earlier measures were added to the
WDS by using data from the 2MASS and UCAC4 cata-
logs, as well as the AAVSO’s APASS survey. Curious
as to why the additional nine components were added

to the KR 60 system in the absence of any proper mo-
tion relation to AB, we contacted Marcel Fay, who re-
plied it was an interest in the possibility of common
motion in clustered stars that prompted the additions.
While this is an intriguing area for additional research,
it remains unclear to us as to whether it warrants the
addition of nine gravitationally unrelated components
to the KR 60 system.

So with regard to the C through I components of
KR 60, based on statements made by Burnham, Doolit-
tle, and Barnard, the primary reason for the addition of
the non-physical components was for use as reference
points to measure the rapid proper motion of the KR 60
primary. Proper motion played no role in the addition
of the J and K components, but the possibility of com-
mon motion among the L through U component led to
their addition. The possibility of shared motion oc-
curred to us as well as we were working through the
details of this paper. That topic suggests an interesting
area for inquiry which hopefully will soon benefit from
the availability of GAIA parallaxes.

2. Results of Our Research
In Table 1 below we present the WDS catalog data

as of the beginning of 2017 in the header line, the

URAT]1 and/or GAIA DR1 data in the second and/or

third line, and in the two following lines our own meas-

urements based on images taken with remote telescope
iT24. The image processing followed our usual proce-
dure: stacking with VPhot, plate solving and measuring
positions and Vmags with Astrometrica using URAT1
as reference catalog, and calculating Sep and PA with
the formulas provided by Buchheim 2008. The I-filter
images were first plate solved with URATI as refer-
ence catalog for the astrometry results and then again
plate solved with USNO B1 as reference catalog for Ic-
mags for the I-band photometry results. Given below is

a description of the Table 1 content per column:

e Name gives the discoverer ID of the selected object
in the header line.

e RA and Dec give the recent precise coordinates of
the A component from the WDS catalog in the
header line in the traditional HH:MM:SS
DD:MM:SS format and in the data lines from the
sources referred to in the Notes column in decimal
degrees format as these values are directly usable
for calculating Sep and PA.

e Sep gives separation in arcseconds in the data lines
calculated as

Sep =\/[(RA2 - RAl)cos(De(‘,l)]2 +(Dec, - Dec, )

in radians.

(text continues on page 9)
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Figure 6. Barnard's plot of proper motion of AB relative to C.

1go8 July. 1915 September.
Photographs of Krueger 60, AB and C.
(Both photographs are on the same scale).
Yerkes Observatory, Williams Bay, Wisconstn :
1916 Marck 6.

Sfrom
Stars, Double and Multiple, Observations of the Double Star Krueger 60 (Burnham Gen. Catalog 11761)
by E. E. Barnard, MINRAS, Vol. 76, p. 606

Figure 7. Images taken by E.E. Barnard showing the orbital motion of B around A and the
proper motion of the AB pair relative to C.
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(Continued from page 7)
e PA gives position angle in degrees in the data lines
calculated as

(RA, —RA; )cos(Dec, )
Dec, — Dec;

PA =arctan

in radians depending on quadrant.

e Ml and M2 give WDS Vmags in the header line
for A and B, URATI1 Vmags in the URATI1 data
line, and GAIA Gmags in the GAIA DRI line, and
the next two lines give the measured V- and Imags
from our own images.

e pmRAIl and pmDE1l with e pml give the WDS
proper motion data for A and pmRA2, pmDE2 and
e pm2 for B in the header line and in the URAT1
and GAIA DRI lines the values calculated by com-
parison with 2MASS positions.

e Spcl and Spc2 give in the header line the WDS
spectral class range for A and B if given in the
WDS catalog and in the iT24 I-filter image lines
the spectral class range based on the V-I color in-
dex taking into consideration also the error range of
the measured Imags using the table provided by the
Space Telescope Science Institute (http:/
www.stsci.edu/~int/intrins.html).

e Ap indicates in the data lines the aperture used for
the observation listed and Me indicates the WDS
code for the used observation method (for GAIA
calculated equivalent circular surface diameter).

e Date is the Bessel epoch of the (averaged) observa-
tion date given in the data lines.

e CPM Rat gives the rating of the CPM assessment
based on comparison of positions between 2MASS
and URATI1 and/or between 2MASS and GAIA
DR1 (see Appendix A).

e And last, Source/Notes indicates the source used
(images and catalogs) and additional explanations
if considered necessary.

3. CPM pair nearby Kruger 60

By chance we found near Kruger 60 a faint wide
pair with common proper motion characteristics, al-
though the 2MASS to GAIA DRI position comparison
is slightly questionable due to the rather large 2MASS
position error. See Table 2.

We hoped in vain for PM data with higher reliabil-
ity from the new UCACS catalog for a counter-check,
but both components are not UCACS objects.

4. Summary

Historical research suggests that KR 60 AB should
rather be listed with a BU discoverer designation but
Burnham himself obviously decided otherwise. Due to

the high speed proper motion of AB the rest of the cur-
rently WDS catalog listed components represent a data
mess of obsolete separations and position angles which
would be much easier to control with coordinates given
not only for the primary but also for the other compo-
nents with little to no proper motion as for example in
Table 3 (Appendix B). We can only hope that there will
be no more attempts to measure additional “pairs” with
KR60 A or B as “primary” — as image 1 demonstrates
there exist enough potential candidates to double the
current number of KR 60 components. The idea that a
good part of the stars in this field with exception of KR
60 AB might be members of an open cluster has some
appeal but the currently existing data does not give any
serious hint in this direction — proper motion of most
stars is according to UCACS very small with rather dif-
ferent PM vector direction and GAIA Plx data is cur-
rently not available.

5. Acknowledgements:

The following tools and resources have been used
for this research:
e Washington Double Star catalog
e 2MASS All Sky catalog
e iTelescope: Images were taken with iT24: 610mm
CDK with 3962mm focal length. CCD: FLI-
PL09000. Resolution 0.62 arcsec/pixel. V-filter.
Located in Auberry. California. Elevation 1405m
GAIA DRI catalog
URAT]I catalog
UCACS catalog
Aladin Sky Atlas v9.0
SIMBAD, VizieR
AstroPlanner V2.2
NASA/ IPAC Infrared Science Archive
Astrometrica 4.10.1.432
AAVSO Web Page: https://www.aavso.org/
AAVSO Search Page: https://www.aavso.org/vsx/
index.php?view=search.top

Thanks also to Marcel Fay for his reply to our in-
quiry regarding the L through U components of KR 60

6. References

Aitkens, R.G., 1932, New General Catalogue of Double
Stars Within 120° of the North Pole, Part 2, Carne-
gie, Washington, D.C., pp. 1385-1386.

Barnard, E.E., 1900, “Observations of the Stars Krue-
ger 60 and Beta 12917, Astronomical Journal, 21,
64.

(References continue on page 16)


http://www.stsci.edu/~inr/intrins.html
http://www.stsci.edu/~inr/intrins.html
https://www.aavso.org/
https://www.aavso.org/
http://www.aavso.org/vsx/index.php?view=search.top
http://www.aavso.org/vsx/index.php?view=search.top

Page 10

Journal of Double Star Observations

January 1, 2018

Vol. 14 No. 1

Kruger 60

‘23vd jxau uo Sanuluod | 2]qu [

X9PUT JIOTOD I-A WOIJ
obuex ods "I83TTI-I SOTXS OIS HZLIT

8G9°910¢

19°0

EN-TI

FIN<

6211

19°9

€CT°LL

8€7€91

9€0%69° LS

6L9T166°9€€E

I93TTI-A SOIXG ¥O®IS HZIT

8G9°910¢

19°0

veret

L9°6

00z LL

867291

680769°LS

008T66"9€€E

T (8p°1) e3ep
oures woxy osTe ST zods f(99°T1) ®1IEP A-
g TIvdn woxF sT [ods “sbewp TIvdn oxe
ZW PUBR TW  “SSYWZ Y3ITM uosTIedwod uoTl
-Tsod woij paleTnored eIeP WA " TIVEN

00D

065°€T0¢C

g

0¢°0

EN-ZI

PI<

VL9

GG 1T

vo°L-

0L"6

cLrcev-

0 6¥7L-

TE'ET

€9°6

GGZ LL

0T 19T

7827697 LS

708266 °9€€

LT0Z 30 butu
-uTHs0 JO SB elIep SAM ‘ZHLG+0822Z SAM

Zc102

STEW

66€-

908-

€€l

€6°6

8L

T°091T

8'€V TV LG+

02769
LC CC

a7
09 ¥

X9PUT JIOTOD I-A WOIT
obuex odg "I83TTI-I SOTXS OIS HZIT

8G9°9T0¢

19°0

EW-TIW

PIN<

19°¢1

19°9

6LC2°9S

ZeTell

9€0%769° LS

6L9T66°9€€E

I93ITTI-A SOTXG ¥OB3IS pZIT

859°910¢

19°0

S9°vT

L9°6

vLZ 9SG

80°6TT

680769°LS

008T66"9¢€€E

*SSYWz Aq patg
-TauspT jJou uotuedwod g *(99°T) ©BIEP A
-9 TIvdn woxJ sT Tods - (umoys bHeuy ou)
Pew 3 TIVYN ST ZW ‘BeUA TIVEN ST TKW
*SSYWZ YaTm uostaedwod uoTr3lTsod woIJ

pojernoTed ST ¥ I0J B3ep WA " TIVd0

8LS"E€T0C

ng

0z¢°0

<

0L 6

LT zev-

0F ebvL-

€LTET

€9°6

782769 LS

708266 °9¢€¢€

LT0Z 3O butu
-utbaq 3o se ejlep saMm ‘zyLG+08Z2Z SAM

1102

66€-

908-

0€"¥vT

€6°6

98

9°GT11

8'€V TV LG+

0C°6S
LT ¢t

av
09 ¥x

X9PUT IOTOD I-A WOIJ
sbpuexr odg "I93TTI-I SQIXSG OIS pZIT

8G9°910¢

19°0

<

<

069

19°9

690729

S0"0PT

9€0¥69° LS

6L9T66°9€€E

I93TTI-A SOTXG ¥OB3IS HZIT

859°910¢

1970

rerot

L9°6

61129

8L 6ET

680769°LS

008T66"9€€E

*(10°2) ®e3ep
oures woxJ osTe sT zodg f(99°T1) ®©IEPP A-
g TIvdn woxy sT 1ods  “sbewp TIvdn 3@
ZA Pue TW ‘SSYWZ Y3ITM uosTredwod uory
—Tsod woly pele[noTed eiep Wd “TIVEN

000

§09°€10¢C

nyg

0z°0

PI<

PI<

¥6°0T

A A

TT°€1-

0L"6

L zey-

0v 6¥vL-

[42N N

€976

LL6TT9

PLTLET

782769 °LS

708266 9€€

LT0Z 3O butu
-utbaq o se ejlep saM ‘ZyLS+08Z2Z SAM

102

66€-

908-

€6°0T

€6°6

9

8°9¢T

8°€V TV LG+

0C°6S
Le ¢t

jo)-4
09 ¥4

XapuT
IOTOD I-A woxJ obuex ods *g JO UOTY
-NTOS®I ON "I83TTI-T SOTXS XOB3IS HZIT

869°910¢

19°0

PI<

19°9

9€0%769° LS

6L9166°9¢€€

sseyd ybTaq e uT =g IYbTW (STgERTIEA)
g osTY "buTtwitjuod isyjzex 309[

-qo butaouw 3sey sTyl I03 HoTeled 3TqI0
Y39 Y3ITM }OSUD-ISJUNOD 3ng (STJRUOTH
-sonb snyl sjusweINsesauw - uoTlIRPUOTD
SNOTAQO 2Ing sSYSTp Iels burdderisao
ATTA®SH *I93TTI-A SOTXG 3Oe3s HZIT

859°910¢

19°0

9L70T

T16°89¢

ovS T

680769 " LS

008T66°9€€E

'd I0 ¥ I9Y3Te AJTIUSPT 30U S90P T™d
[7IVD {SSYWZ I0 TIVIN UT PSTITIUSPT 30U
ST jusuodwod g 9YL - (99°1) BIBP A-4

TI¥dN woxy sT [ods -bewp TIvdN ST TKH
*SSYWZ yaTtm uostaedwod uoTr3Tsod woIJ

ST ¥ I0J Po3e[NOTed B3ep Wd °TIVdA

¥SLTE€T0C

ng

0z°0

<

0L 6

cLreev-

0F evL-

€9°6

782¥69°LS

708266 9€€

LT0Z 3O butu
-utbaq o se elep saM ‘ZyLS+0822Z SAM

ST10C

S PN

S EW

Tece-

€TL-

66€-

908~

v 11T

86¢C

8°€V TV LG+

0C¢°6S
Lz 2z

a7
09 ¥4

S930N/901Inos

3oy
Wao

93eq

SN

dy

zods

1ods

zud o

zosqud

Zvaud

Tud ®

Toequd

Tvaud

401

n

Ya

dss

oea

sureN

£ 107 Jo Bunuu3aq .1ad 3ojpind M Y1 wo.f vipp aulpvaf] 23vuil ] WJST WD Suisixa ayy ul punof sjuauoduiod ()9 Y A0f SJuaua.msvapy : [ 21q0




Page 11

Journal of Double Star Observations

January 1, 2018

Vol. 14 No. 1

Kruger 60

‘23vd jxau uo Sanuluod | 2]qu [

X9pUT I0TOD I-A WOIJ

obuea odg "193TTI-I SOIXG 30BAS PZLT 8G9°9T10Z| 2 T9°0 [P¥-8D| PH< 87 L | T9"9 [8ET 6TT[BTE"BEZ| 9€0¥69 LS |6L9T66°9€EE
ISITTI-A SOTXG Oe3s FILT 8G9°9T10Z| 2 1970 82°8 | L9°6 €8T 6TT|6CC°8EZ| 680%69°LS |008T66°9€E
*(zg") ®eaep
swes woxJ osTe sT zodS {(99°T) ©IEP A-
g TIvdn woiy sT Tods  sbewp TIvYN ©I® 20D | T€E9°€T0Z| n& | 0270 |84-Gd| ¥W< | 0L°9 | €L°T 08¢ 0L"6 |CL CCh—-| 0V 6FL-| 6278 | €976 |PLS"6TT|9T6°9€C| ¥8CFP69°LS |P08Z66°9€€C
ZW PUB TW "SSYWZ Y3aTm uosTaiedwod uoTy
-Tsod woxy peoleTndoTed ©lep WA TLIVN
LT0Z 30 butu . \ \ \ _ . . . . 0Z°6S Iv
_uthag Jo Se eaep SAM ‘ZhLS+0822Z SA 600¢C STER L L 66€ 908 TE'8 | €676 0CT 9°LET | 8°EF TV LS+ 17 77 09 WM
X9pUT JIOTOO I-A WOIJ . R . . R R ) R
obues odg I93TTI-T SOTXG OIS pZLT 859°9T0Z| O | T9°0 |€W-TH| PH< G6°0T| 1979 (6267992 2GT"0G | 9€0¥69°LS |6L9T6679€€
I9ITTI-A SOTXG O®3S pTlT 8G9°910C| O 1970 00°€T| L9"6 [ TO8799C| 28T 0S 680769°LS [008T66 9¢€C
* (97" 1) e3ep|
oswes woxJ osTe ST zods {(99°T) ®©IEP A-
4 TIvdn woxy sT [ods  sbewp TIvdN 1€l 00D | Z09°€T0Z | nd | 0270 | TW-0W| ¥W< | 26°6 |Ly €T-[€6°0T—-| 0L 6 |cL Zch-| 0V 6¥L—[20°E€T| €9°6 |90T 992 8%€"2S 78CF69°LS |708Z66°9€EC
ZW PUBR TW "SSVYWZ Y3Tm uosTiedwod uoTy
-Tsod wOIj pPeleInoTed B31ep Wd ° TLVHN|
LT0Z 30 burtyl 0265 HY
. _ _ . . . . n
_uthbaeq 3O B eIEP SAM ‘ZpLo+08zzz SaM 1102 G EW 3 v 66€ 908 Z0"€T| €676 | 992 87€S |87€r Tv LS 17 22 | oo ww
X3PUT JI0TOD I-A WOIJ . . . . . . . .
sbuer odg ‘I93TTI-T SOTXG ¥OBAS pZLT 8G9°9T0Z| O T9°0 [ TW-LM| PW< 6EET| T9°9 |GEVETT| 81G 89 9€0769°LS [6L9T66 9€€
ISITTI-A SOTXG Oe3S FILT 8G9°9T0Z| O 1970 L6°FT| L9°6 [6CS ETT|O0TF 89 680769 LS [008T66 9¢€€
*(99°1)
elep A-9 TIVMA WOoIJ sT [ods - (Pe3sT|
bewp ou) bew 3 TIvdN ST ZW ‘bewp TIvdl 000 | 295 €102 | nA 020 FI< 6€°6 [LZ TE-|6G TE-| OL 6 |CL CCh-| 0V 6VL-[ZP PT| €9°6 |SO08 FPTIT[ 616799 ¥82¥69° LS 708266 °9€€
ST TW “SSVWZ Y3TM uostreduod uoTy
—-Tsod woxJ poleTnOoTed B1ep Wd -~ TIVH)
LT0Z FO butyl 0265 )4
. _ _ _ _ . . . . n
_uthsq 3o se eiep SAM ‘ZiLot08zzz SaM 6002 G EW 0z 6 66€ 908 PI°GT| €676 | LTI 669 |8'€r Tv LS 1z 22 | oo wa
¥XSPUT JI0TOD I-A WOIJ . . . . . . . .
sbuer odg ‘IeITTI-T SOTXG ¥OBAS pZLT 8G9°9T0Z| O T9°0 [PW<-€RW| PW< 60°CT| T9°9 | €07°9% | PLT CL 9€0769°LS |6L9T66°9€E
ISITTI-A SOTXG OB3S pClT 8G9°9T10Z| O 1970 67 T L9°6 | 8LV 9F | 6€E6°TL 680769°LS [008T66°9¢€C
*(06°1) ®©3ep|
oues woxJ osTe ST zodg f(99°T1) ®©iep A-|
4 TIvdn woxy sT [ods -sbewp TIvEN 23® 00D | 8LS°€T0¢C | nA 020 PIN< PIN< S6°6 [ 8L 6-|CP TZ-| OL 6 |CL CCh-| 0V 6VL-[€EP " PT| €9 6 | LTL GF | 8T0 0L ¥82¥69° LS 708266 °9€€
ZW Pue TW °SSYWZ Y3TM uosTiedwod uoTy
—-Tsod woIJ poleTnOTed B1ep Wd -~ TIVH)
LT0Z 3O butyl 0265 av
. _ _ _ . . . . n
_uthsq o se eiep SAM ‘ZhLot0szzz Sau z1oz G EW 4 0 66€ 908~ |€7 ¥T| €676 9% €769 |87€r Tv LS 1z 22 | oo wu
X9PUT IOTOD I-A WOIJ . . . . . . . .
obues odg 191TTI-1 SOIXG 30€1S PZLT 85979702 | O | 1970 |€W-TH| ¥H< 62°TT| 1979 [ €21 LL [€8E7€9T| 9€0¥69°LS |6L9T6679€€
ISITTI-A SOTXG YO®3IS FIlT 859°910C| O 1970 PETET| L976 | 00C LL [LB6°CIT| 680¥69°LS |008T66°9€€E
* (87" 1) ®B3ep|
swes woxJ osTe sT zods {(99°T) ®©IBP A-
d TI¥YN woiy sT 1ods -sbewp TIvIN I8 20D | 065 €T0Z | n& | 0270 | E€W-CW| PW< | %279 | GG TT | #9°L-| 0L"6 |ZL 2Zh-| 0 6VL-|TE E€T| €9°6 | GGC LL [€0T T9T| ¥82¥69°LS [708266° 9€€E
W PUR TW  "SSYWZ Y3ITM UOSTIedwod UoTY
-Tsod woxJ Po3RTNOTED BAeP Wd * TIVHN)
LT0Z FO butu 0265 av
. _ _ _ . . . . n
_uthsq Jo se eiep SaM ‘ZiLotoszzz sau z1oz G EW 4 4 66€ 908~ |€€7ET| €676 8L T°09T |8°€F T¥ LG 1z 22 | oo wa
S930N/90In0s MMM 23eq 50 dy zods | 1ods |zud o|zoequd| zvywd | Twd o | oequd Twvaud N W wda dss o9a I SweN

£10Z Jo Buuur3aq 1ad 30jpipo M Y1 wo.f vivp dulpvaf] "a3vuil [T WJST WD Sunsixa ayy ul punof sjuauodiuiod ()9 Y A0f SJuaua.msvapy “(panunuod) [ ajqu




Page 12

Journal of Double Star Observations

January 1, 2018

Vol. 14 No. 1

Kruger 60

‘23vd jxau uo Sanuluod | 2]qu [

XOpUT IOTOD I-A WOIJ|
sbuex odg "ISITTI-I SOIXS OIS FZIT

8G9°910¢

19°0

ZH-0W

PIN<

ST %1

19°9

€C¢1°96¢

69€°8L

9€0769"

6L9T66°9€€

02>
W IOJ ¥NS °"IS3TTJI-A SQIXG }O®3IS FZLT

8G9°910¢

1970

€6°GT

L9°6

LLB8TSSE

Zv08L

680769 "

008T66"9€€E

(99°1)
elep A-9 TIW¥A woxl sT 1ods - (pelsTT
beurp ou) bHew F TIVEA ST ZW ‘bewp TIvEn|

ST TW °SSYWZ UaTm uosTaedwod uoTy
-Tsod wox] Po1ETNOTED ©1ep Wd * TLVHNA

00D

€8G°€T0¢C

ng

0c°0

PIN<

S6°6

0r 71—

6V 0C-

0L"6

cLcey-

0V 6vL-

02°ST

€9°6

8LG FSE

908" LL

78¢Cv69°

708266 °9€€

elep|
SaM 2yl seydlew AT2soTo 3sow iTed oyl
7O JsowuIsylIOu 8yl - SHPWT UTPRTY oYY
ut vy 9 Aq pejexedss pue yinos-yiIouy
dn pautT epnjTubew TEOTIUSPT JO SIe]S

om3 oI® 9I8YL :930N ‘LT0Z JO butyl
-utbaq Jo se ejep sam ‘zpL5+08zzz SaM|

ctoe

66€-

908-

09°GT

€6°6

rSe

8°€r IV

0C¢°6S
Le ¢e

WY 8TT
WAL

X9PUT IOTOD I-A WOIJ]|
Sbuex odg "IS3ITTI-I SOIXS OBIS $ZIT

859°910¢C

19°0

TH-LY

FIN<

PLTET

19°9

PP €T

086°90T

9€0%69°

6L9T66°9€€E

I93TTI-A SOTXS 30€3IS HZiT

859°910C

19°0

9€°GT

L9°6

SYEET

629°90T

680769 "

008166 9€€E

(99°1)
elep A-d TIVdN WOy ST 1ods - (Pa3sT]|
Dewp ou) Pew 3 TIVEA ST ZW {bewp TIVHN

ST TW "SSYWZ Y3TM uosTreduod uoTy
-Tsod woIg psjernored elep Wd " TLIVHEQ

202

L9G E€T0C

ng

020

FIN<

L6°6

60°CT-

967 LT~

0L"6

2L 2Ty

0V 6vL-

8L FT

€9°6

€EVCT

169°50T

782¥69°

708266 °9€€

LT0Z 30 buty
-uTbhoq JO Se eIBD SAM ‘ZFLG+0822Z S

c10e

66€-

908-

[A72=RN

€6°6

[

7501

8'€¥ 1%

0C°6S
LC 22

TV 8TT
WAL

XopuT
IOTOD I-A woxj sbuex odg *Y JO UOTY
-NT0S®I ON ‘I23TTI-I SOIXG ¥0B3IS pziT

8G9°910¢

1970

199

9€0769"

6L9T66°9€€

M JO uoT3nTosaj
ON *I®3TTI-A SOIXS 0B3S pziT

859°910¢C

19°0

L9°6

680769 "

008T66"9€€E

‘eiep bewd ¥IVD ST ZW - SSVYKY
Aq pezTubodosa J0u ST M {T¥d VIVY
Aq pezTubooaI 30U ST ¥ ‘T ¥d VIV

000°GT0C

by

9670

07 0T

0T0L69"

G8GG66°9€€E

(99°1) ®e3ep A+
9 TIv¥a woxy sT 1ods "sdM Syl UT umoys
UOT3eO0T 3Y3 3B M I0J UYOJBWw SNOTAQ)
ON'SSVYWZ U3t uosTredwod uoTlTsod woxj
ST ¥ _J10J pPo3elnoTed ejep Wd  IIvdQf

ng

0Z°0

PIN<

0L"6

2L CCh-

0V 6vL-

€976

782%69°

708266 9€€

I0119 UT ATIESTO ST TW MY J9
UOT3PAISSUO SOM Suo ATuo {10z JO butyl
-uTbaq JO se eiep SAM ‘ZFLG+0822Z Sd

900¢

66€-

908-

00791

8L'¥

L

8¢V 1%

0C°6S
Le zce

MY
S dZH

X9PUT IOTOD I-A WOIJ|
sbuex odg -I93TTI-I SQIXG }OBIS pZLT|

8G9°910¢

1970

FWN<-ZI]

69°€T

19°9

L08"CTT

66C°C¢t

9€0%69"

6L9T66°9€€

02>
L T03F UNS "IS3TTI-A SQIXS OB3S §ZLT

859°910¢C

19°0

86°GT

L9°6

IR TAR NN

SLY"ce

680769 "

008766 9€€

(99°1)

'elep A-d TIV¥A WOy ST 1ods - (P23sST]|
Dewp ou) Pew I TIVEA ST gW ‘Bewp TIvHnf
ST TW "SSYWZ U3Tm uosTiedwod uoTy
-Tsod woij pejernored eiep WA ° TLVHQ

200

8GG°€10¢C

nyg

020

PH<

0% 6

€891~

€0°¢¢-

0L 6

cLeey-

0V ebL-

0671

€9°6

PP8 GTT

€GL70¢€

78¢2¥69°

708266 °9¢€€

LTOZ 3O buty
-utbag JO se eiep SAM ‘ZFLG+0822Z Sd

Ztoe

66€-

908-

0L ST

€6°6

81T

8¢V 1¥

0C¢°6S
LZ 22

oy
7 _THH

XSPUT I0TOD I-A WOIJ
obuer odg "I9ITTI-I SOIXSG YOBIS HZILT

8G9°910¢C

1970

EN-TI

62°TT

069

€IV 62T

SL6°S

<

8GCCIL”

266GG60°LEE

I93TTI-A SOIXG OPIS §ZIT

8G9°910¢Z

19°0

ve'€ET

veE'OT

809°6¢T

968°¢G

<

LyZCIL”

120960° LEE

‘ejep bews yIyD o1e g
pue TIW *SSYWZ U3tm uostaedwod UOT]TS|
-od woIy pPs3IeTNOTRD BIep Wd ' Tdd VIV

000°GT0C

bu

96°0

709

9T1°0T

98" L-

€876

428

671~

6G°CT

19°8

Tee 6CT

096°§

<

8GCCIL”

L66GG0"LEE

(8" T) ®e3ep

SWwes woIjy OsTe ST NOQm NAHO.NV BlEPp A-
g TIvdn woxy sT 1ods  sbewp TIvdn SIE|
ZW PUe TW °SSYWZ U3Tm uosTaedwod uot
-Tsod woxJ poleTNOTed '1ep N4 " TIVEA|

o) 4o}

PP €102

ng

0c 0

EN-CH

PIN<

VL9

GG 1T

vo"L-

¥6°0T

v0 v

TT°€T-

TeT€eT

v 0T

ree ect

T9¢CcIL”

€00960°LEE

LT0Z 30 burty

-uTbog JO se eiep SAM ‘ZHLG+082ZZ Sd

Ztoe

€N

z-

4

1-

€

€E€ET

€5°0T

0€T

1797

T°%v 2F

LS+

VvrET
8¢ 22

jcte]
09 ¥

s930N/90an0s

=y
WdD

a3eq

SK

dy

zods

1ods

zud ®

zooqud

Zwgud

Tud

Tooqud

Tyyud

N

n

¥a

des

oea

£10Z Jo Buuur3aq 1ad 30jpipo M Y1 wo.f vivp dulpvaf] "a3vuil [T WJST WD Sunsixa ayy ul punof sjuauodiuiod ()9 Y A0f SJuaua.msvapy “(panunuod) [ ajqu




Page 13

Journal of Double Star Observations

January 1, 2018

Vol. 14 No. 1

Kruger 60

‘23nd jxau U0 SapnJOU0I | 2]V ]

X9pUT I0TOD I-A WOIJ

obuex ods *I193TTI-I SOIXG 30€3IS pZiT 8G9°9T0C o) T9°0 [ TH-LMA | EW-TI SE'PT|6C TT| 7657502 €6T° 7T 0GTVOL LS €97PLO"LEE
02> . . . . . . . .
D I03 WNS "I93TTI-A SOTXG 30eas pziT 8G9°9T0¢C o) 1970 C6ST|PETET| 8IS S0Z| G6T 7T 6TTVOL LS 8077LO"LEE
elep Hews YIyH SIe ¢
pue TW "SSYWZ Y3tm uosTaedwod uoTiTs| D€D | 000°GT0Z| PH | 9670 709 | SG°9 | 8L°6-| ¥0°9 9T°0T 98°L- |0F GT|6S"CT|C6S S0C| €CC 7T 9GTVOL LS |89FFLOLEE
—od woIjy pe3jeInOTed B3RP W4 " T¥d VIVY
(87" 1)
elep A-9 TIW¥A woxl sT 1odsg * (pelsTT
bewp ou) Hew 3y TIvdN ST ZW ‘Bewa TIvdn 04D | 007 €T0Z | nd 0z 0 EW-TW| 9L°9 €1°8 SL 6- VL9 GG TT 79T L- 9C ST|TE ET|209°S0C|9TC 7T LSTVOLLS 9LYVLO"LEE
ST TW "SSYWZ U3Tm uosTaedwod uoTy
-Tsod woIJ PoI1eTNOTeD elep Wd ° TIVINl
LT0Z FO buty . . . . L8 LT 0 81T
_uthaq JO Se ©IEp SAM ‘ZhL5+0822Z SA 2102 1T 1T 4 4 0L ST|E€E €T 90¢ 9°€T 0°GT ¢ LG+ 8z 72 WA
XOPUT JIOTOD I-A WOIJ R R . . . . . .
sbuer odg TOATTI-T SOTXG ¥0BaS 571t 859°9T0Z [ O | T9'0 |OW-5| PH< 9% €T| 0679 [985°6T€| 80S 9% | 8SZTIL LS |Z66G50° LEE
I93TTI-A SQIXG OB3s FILT| 8G9 910 | O 19°0 €6 FT|PE0T| 205 6TE| L2S 97 LYZZTL LS |TC09S0°LEE
elep bews yIyo =Ie ¢
pue TW “SSYWZ Y3Ts uosTtredwod uoT3ts| 00D [000°ST0Z| BH [ 9670 T6°8 | €6°C-|6G°LT-| €876 (4N A 67"CT- | 2GS PT| T9°8 |695°61€| 205" 9% 8GZCIL LS |L66GS0"LEE
-od woljy pe3jeIndTed eiep W4 - Tdd VIV
(9L7) eaep
swes woxJ osTe sT zods ‘(10°Z) ©B3Iep A-|
9 TIvdn woxy sT Tods  sbewp Trvdn oIe[ 000 [GzpreT0z| nE [ 0270 [0M-89| PW< | 9676 | 197 2- 0P 8T-| ¥6°0T 70 ¥ TT €T- [6L°PT|CP OT|[SLS 6TE| 867 9F T9CZIL LS |€009S0°LEE
ZW PUB TW "SSVWZ Y3Tm uosTaedwod uoTy
-7sod WOIJ Pe3RTNOTRD PIEP Wd ° LW
LT0Z 30 buty . . . . PP €T [dD 8TT
_uthoq Jo Se ®IBP SAM ‘ZHLG+0822Z SA 2102 €N € L T € 6L PT|ES 0T 6T€E 0°97% T°v¥ Cv LS+ 87 7z WAA
X9PUT IOTOD I-A WOIJ R . . . . . . .
sbuer odg TSATTI-T SOTXG ¥0BaS 521t 859°9T0Z | O | T9'0 |ZW-0M| W< 0S"€T| T9°9 |0E€8"FET| TIT €8 | 9€0¥69°LS [6L9T66 9€€
I93TTI-A SQIXG XOB3s FILT 8G9 910 | O 19°0 2E'ST| L976 | 6G6 " FET| TEO €8 680769°LS | 008166 9€E
(€ET°T) ®e3epy
swes woxJ osTe sT zods #(99°1) e3Iep A
g TIv¥n woxy sT 1ods  sbewp TIwdn 23l 00D | 0LSTE€TOZ| nE | 0270 [SM-$M| PW< | 8€°6 |68°25-[90 T¥-| 0L°6 |cL Z2h-| 07 6¥L- €L GT| €9°6 | €02 9€T| 82 28 ¥8C¥69°LS [708C66°9€EE
ZW pue TW *SSYWZ U3TM uostIedwod UOT3
-Tsod woly psjernored elep W4 * TLIVNN
LT0Z 30 buty . _ _ _ _ . . . . 0z'65 [ov 8TT
_utheq Jo se e1Ep SAM ‘Zhro+0822Z SA 4114 S en sy 0z 66€ 908~ |LT'ST|€6°6 | LET 0'z8 |8'€V Ty LS+| o o2 A
X9PUT IOTOO I-A WOIJ . . . . . . . .
sbuex ods *191TTI-I SOIXG 30°31S pZiT] 85979102 | O T9°0 | OW-G¥| PH< 8E€"E€T| 0679 | G8F"CS [ POT"CP 8GCCIL LS |Z66GG0°LEE
I93TTI-A SQTIXS OB3S FILT 859°9T0¢C o] 19°0 €8 FT|PEOT| TPE"CS [ 96T °CF LYZCTIL LS T209G0°LEE
elep bews yIyD oI 7
pue TW “SSYWZ Y3ITM uosTredwod uoTiTs| 00D [000°6T0Z | PH 96°0 709 T9°L 28 L- €8°6 T - 67 "CT- |GV "PT| 1978 | G¥#S°2G | 02T C¥ 8GZCZIL LS L66GS0"LEE
-0d woIy pa3eTnored eiep W4 " T¥d YIVD
(zg*) eaep
swes woxJ osTe sT zods f(10°Z) ©B3Iep A
g TIv¥n woxy sT 1ods  csbewp Trvdn o3[ 00D [0€p €T0Z| nE [ 0270 [TM-0M| PW< | GL°9 | z€'6 | TO"L-|¥6°0T 70" v- TT°€T- |T6°FPT|CP OT| 065725 | 821 CF T9CCIL LS |€009G60°LEE
ZW PUR TW *SSYWZ U3TM uosTiedwod uoTy
-Tsod woIg psjernored elep WA ° TLIVNQ
LT0z Fo buty . . . . . ProeET ND 8TT
_uthoq JOo S eiBp SAM ‘Z9LG+0822Z SA 2102 S EW 4 14 T € 26°PT|EST0T 9¢ 0°€¥ T°%% ¢V LS+ 87 2z WAL
X9PUT IOTOD I-A WOIJ . . i i . . i .
buer odg TOATTI-T SOTXG ¥0PAS 57it 859°9T0Z | O | T9'0 |EW-TH| PH< T9°ZT| 06°9 |867°TLZ| LBV ¥Z | 8STZTL'LS [T665G0°LEE
I93TTI-A SQIXS }OB3IS FCLT 859°910¢ 0 19°0 SO'PT|PEOT|ESL TLZ| PIS 7T L7ZZTIL LS TZ09S0"LEE
SSVWZ Aq PeT3IT3uSpT 3jou ST 3jusuoduod|
a @yl -ejep bews yIYD oI ZW Pue T . . . . . . . . .
“SSWHZ yatm uosTreduos uoT11SOd WOIT 000°G10Z | B [ 9670 €8°6 | zz b~ | 6 CI- |¥6°€T| 198 8SZTIL LS |L66S50°LEE
PS3eINOTeD ST D JI03J B3P Wd " Tdd VIV
SSYINT]|
Kq peTyT3uspT 30U ST jusuodwod g BYJ)
*(10°2) B3RP A-9 TIVdN wWoxF ST Todg] . . . . . . . . .
‘Bew*y TIVMA ST ZW {Bewp TIvdn ST T SSPTET0Z| NE [ 0270 PI< 76°0T ¥0°' ¥ TT°€T ELTET|CP 0T T9CCTIL LS |€009G0°LEE
*SSVYWZ y3atm uostaedwod uoriTsod wox
pa3eInNdoTed ST O I0F BIRD Wd ° TIWNA|
LT0Z 30 butyl . . . . PPTET [0 8TT
_utheq Jo se e1ep SAM ‘ZhLo+0822Z SA 4114 €n 6 8 T € 0€° VT[S 0T| LT 0vZ | TTYY Th LS+| oo oo [
so30N/901n0s MMM °3ed SH dy zods | 1ods |zud o|zoequd| zwvyud | Tud o | Toequd Twvyud Zn I wda des EEY w sureN

£10Z Jo Buuur3aq 1ad 30jpipo M Y1 wo.f vivp dulpvaf] "a3vuil [T WJST WD Sunsixa ayy ul punof sjuauodiuiod ()9 Y A0f SJuaua.msvapy “(panunuod) [ ajqu




Page 14

Journal of Double Star Observations

January 1, 2018

Vol. 14 No. 1

Kruger 60

‘a3pnd 1xou U0 SapNJOU0D [ 21qV]

XSpuT
I0TOD I-p woxy obuex ods g JO uOT3 8G9°9T10Z| O T9°0 |PH<-CHW 69°€T
-NT0S8I ON "I83TTJ-I SOIXG 0e3S yZIT
0Z> £ I03F ¥NS V¥ yitm padderassro . . . . . . . .
ATTARSY € "I93TTI-A SOTXG X0©3S pzIT 8G9°9T0Z| O T9°0 86 GT|9L OT|T9T ZTIT| 088" €EE 8L0769°LS |000T66°9€E
g 10
¥ I9U3Te AJTIUSPT 30U S80P THMA VIVD
{SSVYWZ I0 TIVYN UT PSTITIUSPT 30U . . . . .
sT jusuodwoo g =yg ‘hew'I TIvdN ST ZW €10 nd | 0c°o 076 |€8°9T-|€0"ZC- 06" 7T
*SSYWZ Yatm uosTtiedwod uoTilTsod woxd
pejeInoIed ST [ I0J e3ep WA TIVdEN
LT0Z 3O butu . . . . . L6°6S rd
_ugbeq 3O Se ©1Ep SAM 'ZPLC+082ZZ SAM zooz B2 T T 43 €TL 0L GT|TP TT| LET s | vy ToLs| oo | Ty
XapuT
10700 I-A wox3y sbuex ods g Jo uoTy 85979102 | O [ 1970 | ¥H< 06°9
-NT0SSI ON "I93TTJ-I SOIXS ¥0e3s yZIT
¥ yitm psdderasao . . . . . . . .
ATTA®SY & -I91TTI-A SQIXG ¥0®1S pZLT 859°9T0Z| O | T9°0 PETOT|9L"0T| 96€°29 |L9T T¥T| 8LOV69 LS |000T66 9€EE
g 10
¥ ISy3lTe AJTIUSPT 30U S80pP T¥d VIVD
{SSYWZ IO TIVYN UT PRTITIUSPT 30U
ST jusuodwod g oyl *(10°Z) ©3Iep A-d GGF €T0Z| nd | 0270 PI< 76 0T| PO F- |TT €T~ 2y 0T
TIVYN woxF sT zods “Hewp TIVEA ST W
*SSYWZ YaTm uostaedwod uoT3lTsod woIJ
pojernoTed ST D I0J B3RP WA TIvdN
LT0Z 3O butu . . . . L6765 od
_uthaq JO se eIepP SAM ‘ZPLS+08277 SAM Z10¢C 248 T € Tze €TL €S OT|TP"TT 29 0°9€T | 7 °%F TV LG+ 1z 22 09 WM
X3PUT JI0TOD I-A WOIXT . . . . . . . .
sbuex ods "193TTI-I SOIXS 30BAS pZIT 8G9°9T10Z| O T9°0 | TN-LM | PRH< 09°E€ET| T9°9 |9T8 COT|9L9"LET| 9€0¥69 LS |6L9T66°9€EE
IS9TTI-A SOTXG Oe3s pCltT 8G9°910Z| O T9°0 9T GT| L9°6 | LV8"COT|LZ9 LET| 680F69°LS |008T66°9€C
(ze*1) ®eaep sues
woxy osTe ST zods {(99°1) ©3ep A-
g TIVYN woxy sT Tods “sbewp TIvdn o3 | 00D 696 €10z | n& | 0270 |LM-6M| #W< [ 9479 | 18°9-|18°9-| 0L°6 |2L CZZh-| 0P 67L-|9T GT| €9°6 [€9€ €0T[8LL"GET| ¥8ZP69°LS [F08Z66 9€€E
ZW PUR TW "SSVWZ U3TM uosTtieduod uotl
-Tsod woiy paleTnofed elep W4 " IIVEN
LT0Z FO butu . . . . . 02765 v 81T
_utheq JO Se eAeP SAM ‘ZHLG+08227 SAM Zc10e S EN 0T 9 66€ 908 0C°ST| €676 70T €°GET | 8°€V TP LG+ 17 7z WAL
X9pUT IOTOO I-A woxJ sbuex odg *(z> . 5 . _— < . . R R ) R
S I0I MNS ‘193TTI-I SOTXS ¥0e31s pzLT 8G9°910C T9°0 | TR-L 12 9C FPT| T9°9 |6T0"F9C| €EVT ET 9€0769°LS |[6L9T66 9€C
0z> . . . . . . . .
S 107 ¥NS ‘ISITTI-A SOTXG ¥0BAS pZLT 8G9°9T0Z| O 19°0 Z8°ST| L9"6 | CC9 29T | FEE"ET 680769°LS |008T66°9€E
(99°1) e3ep
A-€ TIVdIN wox sT Tods * (pe3sTT beup
ou) bew"3I TIVIN ST ZW ‘Pewp TIvIN [ 00D [zZ09°€T0Z| nd [ 0270 PW< | 2676 |L67ET-|T6°8T—| OL 6 |CL CCh—| 0V 6FL-[00°GT| €976 | 0GP T9C| 8FS"GT 782F69°LS |708Z66°9€EC
ST TW "SSYWZ Yatm uostiedwod uoty
-Tsod woxJ Po3RTNOTED Blep Wd ' TIVEN
LT0Z 3O butu . _ _ _ . . . . 0Z°6S  [SY 8TT|
_utheq Jo se evep SAM ‘Zh.0+08227 SAM 414 G EW 4 € 66€ 908 0L°ST| €676 | 292 POT |8'€V Tv LS+| o oo HAd
X9PUT IOTOD I-A WOIJ . . . . . . . .
sbues odg 193TTI-I SOTXG A°®3S pzLf 859°9T0Z | O | T9°0 [EW-TH| ¥m< LP €T| T9°9 |OTT ETT|96E ETT| 9€0¥69°LG [6L9T66 9€€
I93TTI-A SOTXG 3OB3AS pCIT 859°910C| O 19°0 09°GT| L9°6 |SLETETT|9CL"ETT| 680¥69°LS [008T66°9€€E
(99°1)
®lEp A-€ TIVMA WoxF ST [ods - (Pa3sTq
Dewp ou) Pew:y TI¥EN ST ZW ‘Pewp TI¥dn 20D [ TGS €T0Z| nd | 0z°0 PW< | TP"6 |9T°SZ-|L6°GT—| OL 6 |CL CCh—| 0V 6VL- TS PT| €976 | 096 CTT|CCE CTIT| ¥8ZV69°LS |P08Z66°9€E
ST TW "SSYWZ Y3Ttm uostiedwod uoty
-Tsod woxJ Po3RTNOTED BAeP Wd * TIVHN)
LT0Z FO butu . . . . . 0265 g7 8TT
_utheq Jo Se ®EP SAM ‘Z5lci08227 SU ztoz G EW ST 4 66€ 908 0Z°GT|€6°6 | ST 9 TTT |87€V Ty LS+ | o o2 A
S930N/90In0s MMM 23eq SN dy zods | 1ods |zud o|zosqud| zyyud | Tud o [ Tosqud Tvyud N W ¥a des o3a w sureN

£107 Jo Buruui3aq 1ad 30jpipd M Y1 wo.Lf vipp auippaf] "a3vwil ] WJST WD Sunsixa ayg ui punof sjuauoduiod ()9 y A0f SJuaua.msvapy “(Suonynjouod) [ ajqny




Page 15

Journal of Double Star Observations

January 1, 2018

Vol. 14 No. 1

Kruger 60

X9pUT I0TOD I-
woxy sbuex odg -oz> d pud
¥V ¥NS "I93TTI-I SQ9XT LT

8G9°910¢

1970

CH-0W

ZN-0W

§C¢ 91

191

2607661

I8€°v¥

82060L"LS

8€50€0°

I9ATTI-A SO8TXT PILT

859°910¢

1970

v0 8T

26 LT

vev vel

9€C VY

SLO60L"LS

€9%0€0°

o3epTpUEd
WdD PTTOS ® SYTT SHOOT|

Ing - 9bIieT ISYIRI I0IIS
uot3itsod SSYWZ “SSYWZ U3T
uosTaedwod uoTlTsod woxj

Po3eTNOTED B3P WA “pued]

-9 2Ie ZW Pue TW ' T¥d VIV

O0VY

000°ST0C

bH

96°0

SLT0T

9T ¥v1-

v 9¢-

(AR A

L9°GC-

SV LT

€ETLT

L6E"G6T

€867 €Y

80060L°LS

7LS0€0°

I0x19 uoTtjrtsod SSYWz obead
—A® UBU]} I9bIRT Syl s3109TH
—SU I0IIS WA USATH *TIVMHN)

€E€CET0C

ng

0c°0

00°9

0T LT~

0T"0€-

0T 71—

0z 8c-

TIv G6T

200" 7P

80060L" LS

0850€0°

pueq-y pue -p WOoIj
pejewrise ZW Pue TW °SSVW{]

8EL 6661

23

0€°T

9V LT

vr ot

6€°G6T

956" €Y

T9060L"LS

8LLOEO"

CO0STVLS+
£€6508cCC
9CZECY LS+
8€L08CCT

so30N/901n0s

Iy
Wad

93ea

SN

dy

zods

1ods

zud o

zosqud

Zvyud

Tud ®

Tooqud

Tryud

401

n

o ¥d

u des

dI SSYWZ

COSTFLS+E6S08TTT/ITETHLS+8ELOSTIT SSYINT IDPIPUDI D Y} A0f S)INSa. judwa.insvau pun vjop Sopin) :g 21qu ]




Vol. 14 No. 1 January 1, 2018

Journal of Double Star Observations

Page 16

Kruger 60

(Continued from page 9)
Barnard, E.E., 1903, “Observations of the Star Krueger
60, Astronomical Journal, 23, 169—172.

Barnard, E.E., 1908, “Krueger 60, Parallax and Proper
Motion”, Monthly Notices of the Royal Astronomi-
cal Society, 68, 629-654.

Barnard, E.E., 1916, “Stars, Double and Multiple, Ob-
servations of the Double Star Krueger 60 (Burnham
Gen. Catalog 11761)”, Monthly Notices of the Roy-
al Astronomical Society, 76, 596—-606.

Buchheim, R K., 2008, “CCD Double-Star Measure-
ments at Altimira Observatory in 2007”, Journal of
Double Star Observations, 4 (1), 27-31.

Burhnam, S.W., 1894, “Measures of Stars Noted as
Double in Krueger’s Catalog of the Astronomische
Gesellschaft, Zones 55° to 65°”, Publications of the
Lick Observatory of California, Vol. 11, pp. 147-
150, Sacramento.

Burnham, S.W., 1906, A General Catalogue of Double
Stars Within 120° of the North Pole, Parts I and 11,
University of Chicago Press, Chicago.

Doolittle, Eric, 1900, “On the Probable Motion in the
Stellar System Krueger 607, Astronomical Journal,
21, 47-48.

Fay, Marcel, 2013, “Decouvertes et Resultats de
Mesures de 224 Etoiles Doubles Visuelles avec un
Télescope GoTo piloté a distance. Campagne d’ob-
servation 2011-2012”, Il Bollettino Delle Stelle
Doppie, No. 6, 46-56.

Heinze, A.N.; Hinz, Philip M.; Sivanandam, Suresh;
Kenworthy, Matthew; Meyer, Michael; Miller,
Douglas, 2010, “Constraints on Long Period Plan-
ets from an L’- and M-Band Survey of Nearby Sun-
Like Stars: Observations”, Astrophysical Journal,
714, 1551-1569.

Helminiac, K.J; Konacki, M.; Kulkarni, S.R.; Eisner, J.,
2009, “Precision astrometry of a sample of speckle
binaries with the adaptive optics facilities at the
Hale and Keck II telescopes”, Monthly Notices of
the Royal Astronomy Society, 400, 406-421.

Knapp W. and Nanson J., 2017, “A New Concept for
Counter-Checking of Assumed CPM Pairs”, Jour-
nal of Double Star Observations, 13(1), 31-51

Knapp W. and Nanson J., 2017, “CPM Pairs from
LSPM so far not WDS Listed — Part 117, Journal of
Double Star Observations, 13(4), 447-464.

Knapp W. and Nanson J., 2017, “Measurements of
WDS Objects Found in Images Taken for Detecting
CPM Pairs in the LSPM Catalog”, 13(4), 553-567.

Kruger, Adalbert, 1890, Catalog von 14680 Sternen
zwischen 54° 55 und 65° 10° Nérdlicher
Declination 1855 fiir das Aequinoctium 1875, Der
Astronomischen Gesellschaft, Leipzig.



Vol. 14 No. 1 January 1, 2018 Journal of Double Star Observations Page 17

Kruger 60

Appendix A

Explanation of the CPM rating scheme according to Knapp and Nanson 2017:

e Three rating factors are used: Proper motion vector direction, proper motion vector length and size of position
error in relation to proper motion vector length

e Proper motion vector direction ratings: “A” for within the error range of identical direction, “B” for similar
direction within the double error range, and “C” for outside

e Proper motion vector length ratings: “A” for within the error range of identical length, “B” for similar length
within the double error range, and “C” for outside

o Error size ratings: “A” for error size of less than 5% of the proper motion vector length, “B” for less than 10%,
and “C” for a larger error size

To compensate for excessively large position errors resulting in an “A” rating despite rather high deviations an
absolute upper limit is applied regardless of calculated error size:
e Proper motion vector direction: Max. 2.86° difference for an “A” and 5.72° for a “B”
¢ Proper motion vector length: Max. 5% difference for an “A” and 10% for a “B”
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Appendix B
The following table gives the plate solving errors for the used iT24 images and error information derived
therefrom for the measurements provided in Table 1 as well as the measured positions for both components:

Table 3. Error Estimations for the Measurements in Table 1.
—  dRA and dDec = average RA and Dec plate solving errors in arcseconds
—  Err_Sep = separation error estimation in arcseconds calculated as SORT(dRA™2+dDec"2)

—  Err_PA = position angle error estimation in degrees calculated as arctan (Err_Sep/Sep) assuming the worst case that Err_Sep
points perpendicular to the separation vector

— dmag as average mag plate solving error (Vmag for images with made V-filter and Imag for images made with I-filter)
—  Err_Mag = magnitude error estimation calculated as SORT(dVmag"2+(2.5*LOG10(1+1/SNR))"2)
—  SNR as signal to noise ratio for the given object

Name RA Dec dRA dDec |Err Sep |Err PA | Err Mag SNR dmag | Filter
A |22 27 58.032 | 57 41 38.72 0.070 313.16
KR 60 0.08 0.08 0.113 4.203 0.07 v
B [22 27 57.840| 57 41 38.68 0.071 110.82
A [22 27 58.003| 57 41 38.53 0.130 332.32
0.07 0.07 0.099 - 0.13 I
B —_
A [22 27 58.032 | 57 41 38.72 0.070 313.16
KR 60 0.08 0.08 0.113 0.046 0.07 v
C |22 28 13.445| 57 42 44.09 0.070 214.72
A [22 27 58.003| 57 41 38.53 0.130 332.32
0.07 0.07 0.099 0.040 0.13 I
C |22 28 13.438| 57 42 44.13 0.130 378.30
A [22 27 58.032| 57 41 38.72 0.070 313.16
KR 60 0.08 0.08 0.113 0.054 0.07 v
D |22 28 10.387 | 57 42 44.84 0.076 37.23
A [22 27 58.003| 57 41 38.53 0.130 332.32
0.07 0.07 0.099 0.048 0.13 I
D |22 28 10.383 | 57 42 44.77 0.132 54.20
A [22 27 58.032 | 57 41 38.72 0.070 313.16
KR 60 0.08 0.08 0.113 0.040 0.07 v
E [22 28 17.858 | 57 42 14.83 0.072 67.41
A [22 27 58.003| 57 41 38.53 0.130 332.32
0.07 0.07 0.099 0.035 0.13 I
E 22 28 17.871 | 57 42 14.94 0.130 99.88
A [22 27 58.032| 57 41 38.72 0.070 313.16
KR 60 0.08 0.08 0.113 0.090 0.07 v
F |22 28 04.539| 57 42 28.26 0.075 39.43
A [22 27 58.003| 57 41 38.53 0.130 332.32
0.07 0.07 0.099 0.079 0.13 I
F |22 28 04.523| 57 42 28.30 0.131 68.26

Table 3 continues on next page.
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Table 3 (continued). Error Estimations for the Measurements in Table 1.
Name RA Dec dRA dDec |(Err Sep |Err PA | Err Mag SNR dmag | Filter
A |22 27 58.032| 57 41 38.72 0.070 313.16
KR 60 0.08| 0.08| 0.113 | 0.095 0.07 v
22 28 05.856 | 57 41 11.41 0.079 29.85
A |22 27 58.003| 57 41 38.53 0.130 332.32
0.07| 0.07| 0.099 | 0.083 0.13 I
G |22 28 05.845| 57 41 11.28 0.133 37.76
A |22 27 58.032| 57 41 38.72 0.070 313.16
KR 60 0.08| 0.08| 0.113 | 0.129 0.07 v
22 27 51.782| 57 41 35.92 0.071 80.40
A |22 27 58.003| 57 41 38.53 0.130 332.32
0.07| 0.07| 0.099 | 0.113 0.13 I
H |22 27 51.756| 57 41 35.84 0.130 116.14
A |22 27 58.032| 57 41 38.72 0.070 313.16
KR 60 0.08| 0.08| 0.113 | 0.027 0.07 v
22 28 23.977| 57 39 42.56 0.070 325.88
A |22 27 58.003| 57 41 38.53 0.130 332.32
0.07| 0.07| 0.099 | 0.024 0.13 I
I |22 28 23.969| 57 39 42.49 0.130 361.13
C |22 28 13.445]| 57 42 44.09 0.070 214.72
KR 60 0.08| 0.08| 0.113 | 0.141 0.07 v
E [22 28 17.858| 57 42 14.83 0.072 67.41
C |22 28 13.438| 57 42 44.13 0.003 378.30
KR 60 0.07| 0.07| 0.099 | 0.123 0.13 I
E |22 28 17.871| 57 42 14.94 0.130 99.88
A |22 27 58.032| 57 41 38.72 0.070 313.16
HEL 4 0.08| 0.08| 0.113 | 0.200 0.07 v
22 28 01.754| 57 41 25.90 0.094 17.01
A |22 27 58.003| 57 41 38.53 0.130 332.32
0.07| 0.07| 0.099 | 0.176 0.13 I
J |22 28 01.717| 57 41 26.01 0.134 32.14
22 27 58.032| 57 41 38.72 0.070 313.16
HZE 5 0.08| 0.08| 0.113 - 0.07 v
A |22 27 58.003| 57 41 38.53 0.130 332.32
0.07| 0.07| 0.099 - 0.13 I
K —_
FyM | A |22 27 58.032| 57 41 38.72 0.070 313.16
0.08| 0.08| 0.113 | 0.061 0.07 v
118 22 28 01.102| 57 43 22.47 0.083 23.48
A |22 27 58.003| 57 41 38.53 0.130 332.32
0.07| 0.07| 0.099 | 0.053 0.13 I
L |22 28 01.105| 57 43 22.58 0.135 29.87
FYM 22 27 58.032 | 57 41 38.72 0.070 313.16
0.08| 0.08| 0.113 | 0.083 0.07 v
118 22 27 57.332| 57 42 56.56 0.092 17.47
A |22 27 58.003| 57 41 38.53 0.130 332.32
0.07| 0.07| 0.099 | 0.072 0.13 I
M |22 27 57.342| 57 42 56.72 0.138 23.53

Table 3 continues on next page.
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Table 3 (continued). Error Estimations for the Measurements in Table 1.

Name RA Dec dRA dDec |(Err Sep |Err PA | Err Mag SNR dmag | Filter
FyM | C |22 28 13.445]| 57 42 44.09 0.070 214.72
0.08| 0.08| 0.113| 0.264 0.07 v
118 D |22 28 10.387| 57 42 44.84 0.076 37.23
c |22 28 13.438| 57 42 44.13 0.003 378.30
0.07| 0.07| 0.099 | 0.232 0.13 I
D |22 28 10.383| 57 42 44.77 0.132 54.20
Fym | C |22 28 13.445| 57 42 44.09 0.070 214.72
0.08| 0.08| 0.113 | 0.154 0.07 v
118 N |22 28 17.614 | 57 43 09.87 0.077 32.93
c |22 28 13.438| 57 42 44.13 0.003 378.30
0.07| 0.07| 0.099 | 0.135 0.13 I
N |22 28 17.606| 57 43 09.77 0.133 36.66
FyM | A |22 27 58.032| 57 41 38.72 0.070 | 313.16I
118 0.08| 0.08| 0.113| 0.078 0.07 v
0 |22 28 05.361| 57 40 40.05 0.082 25.47
A |22 27 58.003| 57 41 38.53 0.130 332.32
0.07| 0.07| 0.099 | 0.068 0.13 I
0 |22 28 05.360| 57 40 39.90 0.134 34.53
Fym | C |22 28 13.445]| 57 42 44.09 0.070 214.72
0.08| 0.08| 0.113 | 0.139 0.07 v
118 P |22 28 09.674| 57 43 19.47 0.078 30.45
C |22 28 13.438| 57 42 44.13 0.003 378.30
0.07| 0.07| 0.099 | 0.122 0.13 I
P |22 28 09.675| 57 43 19.54 0.133 35.29
Fym | E |22 28 17.858| 57 42 14.83 0.072 67.41
0.08| 0.08| 0.113 | 0.457 0.07 v
118 Q0 |22 28 17.095| 57 42 02.02 0.094 16.81
E |22 28 17.871| 57 42 14.94 0.011 99.88
0.07| 0.07| 0.099 | 0.400 0.13 I
Q |22 28 17.106| 57 42 02.14 0.139 21.55
Fym | A |22 27 58.032| 57 41 38.72 0.070 313.16
0.08| 0.08| 0.113 | 0.057 0.07 v
118 R |22 28 11.054| 57 40 53.60 0.088 19.60
A |22 27 58.003| 57 41 38.53 0.130 332.32
0.07| 0.07| 0.099 | 0.050 0.13 I
R |22 28 11.075| 57 40 53.81 0.134 33.73
Fym | A |22 27 58.032| 57 41 38.72 0.070 313.16
0.08| 0.08| 0.113 | 0.484 0.07 v
118 S |22 27 56.375| 57 41 37.00 0.094 16.92
A |22 27 58.003| 57 41 38.53 0.130 332.32
0.07| 0.07| 0.099 | 0.428 0.13 I
S |22 27 56.360| 57 41 37.15 0.141 19.01
eyM | A |22 27 58.032| 57 41 38.72 0.070 313.16
0.08| 0.08| 0.113| 0.047 0.07 v
118 U |22 28 14.770| 57 41 08.12 0.080 27.53
A |22 27 58.003| 57 41 38.53 0.130 332.32
0.07| 0.07| 0.099 | 0.041 0.13 I
U |22 28 14.749| 57 41 07.99 0.134 32.16

Table 3 concludess on next page.
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Table 3 (conclusion). Error Estimations for the Measurements in Table 1.
Name RA Dec dRA dDec |(Err Sep |Err PA | Err Mag SNR dmag | Filter
B |22 27 57.840| 57 41 38.68 0.010 110.82
KR 60 0.08 0.08 0.113 0.046 0.07 v
C |22 28 13.445| 57 42 44.09 0.070 214.72
B —_
0.07 0.07 0.099 - 0.13 I
C |22 28 13.438| 57 42 44.13 0.130 378.30
B [22 27 57.840| 57 41 38.68 0.010 110.82
HEL 4 0.08 0.08 0.113 0.191 0.07 v
J |22 28 01.754| 57 41 25.90 0.094 17.01
B —_
0.07 0.07 0.099 - 0.13 I
J |22 28 01.717| 57 41 26.01 0.134 32.14
2228073
8 A (22 28 07.311| 57 42 32.67 0.046 23.04
+574232
6
2228059 0.11 0.08 0.136 0.176 0.08 \Y%
3 B |22 28 05.935| 57 41 49.83 0.090 26.03
+574150
2
A (22 28 07.329| 57 42 32.50 0.146 16.10
0.07 0.07 0.099 0.128 0.13 I
B [22 28 05.887 | 57 41 49.65 0.152 13.20
) B E—



