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Introduction 
A short holiday trip into the Austrian mountains 

offered the possibility of using a hotel-owned observa-
tory at an altitude of about 1900 m equipped with a 17 
inch Planewave f/6.8 CDK telescope for visual obser-
vations for two consecutive nights. Despite the full 
moon at the date in question I used this opportunity for 
just another check of Tycho Double Stars as resolution 
of double star observation is not this sensitive to light 
polluted skies. But to be on the safe side, I decided to 
restrict the targets to objects near the zenith with a sep-
aration of 2", as resolution with a 17 inch telescope 
should then be easy even under these imperfect condi-
tions. From a total of about 1000 TDS/TDT objects in 
Cygnus, there remained 33 pairs with a separation of 
2". For counter-checking, I selected 5 already con-
firmed pairs also in Cygnus with similar 2" separation 
and magnitude range about 11-12 mag. 

Visual Observations 
The first session was to some degree spent with 

getting familiar with the telescope and the GoTo mount 
with some difficulties with the latter ï the number of 
observed objects was therefore rather small. Things 
went much smoother in the second session especially 
after several resynchronizations of the GoTo system. In 
addition to the GoTo system, very detailed star maps 
were used to be sure to look at the correct objects. The 
results are shown in the Table 1. 

Measurements based on CCD imaging 
Five images with exposure time of 3 seconds were 

taken per object with remote telescope iT24 (for speci-
fications see Acknowledgements). The images were 
stacked with VPhot and plate solved with Astrometrica 
with URAT1 reference stars with Vmags in the range 
10.5 to 14.5mag. The RA/Dec coordinates resulting 
from plate solving were used to calculate Sep and PA 
using the formula provided by R. Buchheim 2008 (see 
References). Err_PA is the error estimation for PA in 
degrees calculated as arctan(Err_Sep/Sep), assuming 
the worst case that Err_Sep points perpendicular to the 
separation vector.  Mag is the photometry result based 
on URAT1 reference stars with Vmags between 10.5 
and 14.5mag. Err_Mag is calculated as 

with dVmag as the average Vmag error over all used 
reference stars and SNR as the signal to noise ratio for 
the given star. Date is the Bessel epoch and N is the 
number of images used for the reported values. The 
results are shown in Table 2. 

Summary 

The comparison of imaging and visual observation 
results plus the additional check of 2MASS images 

(Text continues on page 137) 

Visual Observation and Measurements of 33 so far 
Unconfirmed Tycho Double Stars in Cygnus with 2 

Arcseconds Separation 

Wilfried R.A. Knapp 
 

Vienna, Austria 
wilfried.knapp@gmail.com 

Abstract: As already reported (Knapp and Gould 2016), most Tycho Double 
Star objects in the WDS catalog are unconfirmed. From the huge number of in total 
nearly 1000 TDS/TDT objects in the Cygnus constellation, all unconfirmed pairs 
(per beginning of 2016) listed with 2" separation were visually observed and meas-
ured based on CCD images. 
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WDS ID Name RA Dec Sep M1 M2 PA Date  Observation notes  

21442+3453  HO605 21:44:07.293  +34:52:33.8  2.0  11.34  12.11  340  2016.553  

With a magnification of x230 

resolution at ~345° with es-

timated separation ~2"  

21545+4052  TDT3230 21:54:30.980  +40:52:16.2  2.0  12.14  12.23  222  2016.553  No resolution  

21466+3815  COU1639 21:46:34.778  +38:14:43.4  2.0  11.27  11.56  211  2016.553  

With a magnification of x230 

resolution at ~210° with es-

timated separation ~2"  

21212+3044  TDT2914 21:21:14.751  +30:44:12.3  2.0  10.86  12.66  17 2016.553  No resolution  

21548+4310  TDT3234 21:54:50.817  +43:09:55.0  2.0  11.34  12.42  343  2016.553  No resolution  

21279+3439  TDT2980 21:27:56.960  +34:39:10.8  2.0  12.12  12.63  121  2016.553  No resolution  

21300+3549  TDT2998 21:30:00.117  +35:49:04.2  2.0  11.53  13.28  209  2016.553  No resolution  

21158+3159  TDT2868 21:15:50.729  +31:59:22.6  2.0  11.63  12.58  185  2016.553  No resolution  

21245+3632  ES2125 21:24:29.222  +36:31:30.9  2.0  10.41  11.82  36 2016.553  

With a magnification of x230 

resolution at ~45° with esti-

mated separation ~2"  

21195+3745  TDT2904 21:19:32.118  +37:45:29.7  2.0  11.55  13.12  216  2016.553  No resolution  

21107+3515  TDS1120 21:10:43.050  +35:15:15.5  2.0  10.18  12.43  244  2016.553  No resolution  

21095+3506  TDT2791 21:09:29.133  +35:05:30.9  2.0  11.76  12.61  252  2016.553  No resolution  

20592+3231  TDT2675 20:59:14.778  +32:31:29.4  2.0  11.62  12.56  207  2016.553  No resolution  

21070+3724  TDT2763 21:07:00.529  +37:24:24.0  2.0  11.35  12.68  215  2016.553  No resolution  

21282+4607  TDT2981 21:28:11.977  +46:06:34.7  2.0  11.64  12.07  101  2016.553  No resolution  

21068+3834  TDT2758 21:06:49.969  +38:33:32.0  2.0  11.85  12.24  236  2016.553  No resolution  

21304+4926  TDT3002 21:30:21.980  +49:26:14.1  2.0  11.30  11.75  295  2016.553  

With a magnification of x230 

resolution at ~300° with es-

timated separation 2"  

21037+4616  TDT2719 21:03:40.853  +46:16:09.7  2.0  11.87  12.14  220  2016.553  No resolution  

20152+3006  TDT2121 20:15:12.978  +30:06:07.6  2.0  11.92  12.18  11 2016.553  No resolution  

20107+3015  TDT2051 20:10:43.449  +30:14:40.6  2.0  11.90  12.27  242  2016.553  No resolution  

20449+4332  ES1448 20:44:52.852  +43:31:51.6  2.0  10.39  10.80  142  2016.553  

With magnification of x230 

resolution at about 140° with 

estimated separation of ~2"  

20160+3751  TDT2130 20:15:58.427  +37:50:35.2  2.0  11.28  11.82  236  2016.553  No resolution  

20275+4307  TDT2289 20:27:28.320  +43:07:07.3  2.0  11.69  12.24  346  2016.553  No resolution  

20330+5922  TDT2359 20:33:00.231  +59:21:55.4  2.0  10.17  12.79  113  2016.553  No resolution  

20258+5938  TDT2261 20:25:50.823  +59:37:50.1  2.0  10.08  11.77  134  2016.553  No resolution  

19447+3204  TDT1697 19:44:40.740  +32:04:17.0  2.0  12.12  12.45  297  2016.553  No resolution  

19466+3243  TDT1729 19:46:34.530  +32:43:16.9  2.0  10.22  12.44  111  2016.553  No resolution  

20209+5511  TDT2197 20:20:56.891  +55:10:55.8  2.0  10.81  13.32  241  2016.553  No resolution  

19511+3643  ES242 19:51:02.020  +36:42:42.8  2.0  11.00  11.50  30 2016.551  

With a magnification of x230 

resolution at ~30° with a 

separation of ~2"  

20153+5428  TDT2123 20:15:20.098  +54:27:40.3  2.0  11.27  11.84  328  2016.551  No resolution  

20056+5821  TDT1965 20:05:38.448  +58:21:04.6  2.0  11.63  12.41  160  2016.551  No resolution  

20071+5431  TDT1991 20:07:05.459  +54:31:00.4  2.0  10.64  12.23  333  2016.551  No resolution  

19438+3738  TDT1680 19:43:45.513  +37:38:17.0  2.0  11.86  11.95  273  2016.551  No resolution  

19290+3508  POP135 19:28:56.513  +35:06:44.7  2.0  11.11  12.11  35 2016.551  

With a magnification of x230 

hint of companion at ~40° 

with a separation of ~2"  

19326+4839  TDT1533 19:32:38.038  +48:39:06.2  2.0  11.99  12.01  215  2016.551  No resolution  

19209+4710  TDT1391 19:20:56.328  +47:10:09.1  2.0  11.74  12.27  2 2016.551  No resolution  

19178+4759  TDT1358 19:17:48.420  +47:59:17.6  2.0  11.40  12.12  234  2016.551  No resolution  

19095+4828  TDT1259 19:09:29.552  +48:27:57.0  2.0  11.98  12.00  216  2016.551  

With a magnification of x420 

resolution at a position an-

gle of ~215° and a separation 

of ~2"  

Table 1: Observation results for all TDS objects in Cyg with 2ò separation so far not confirmed plus 5 already confirmed non TDS objects 
for counter-checking with their WDS data per begin of 2016. Method of observation = V (visual estimate) and aperture = 0.425m 
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Name  RA Dec dRA dDec Sep 
Err 

Sep 
PA Err PA  Mag 

Err 

Mag 
SNR dVmag Date  N Notes  

HO  605  
A 21 44 07.265  34 52 34.08  

0.05  0.06  1.864  0.078  340.730  2.399  
11.097  0.062  73.94  

0.06  2016.587  5 1 
B 21 44 07.215  34 52 35.84  11.326  0.061  80.61  

TDT3230 
A 21 54 30.978  40 52 16.06  

0.05  0.05  -  0.071  -  -  
12.048  0.062  64.21  

0.06  2016.587  5 2 
B    -   

COU1639 
A 21 46 34.779  38 14 43.75  

0.03  0.04  1.754  0.050  204.186  1.633  
11.000  0.041  105.02  

0.04  2016.587  5 1 
B 21 46 34.718  38 14 42.15  11.290  0.042  91.33  

TDT2914 
A 21 21 14.766  30 44 12.24  

0.03  0.03  -  0.042  -  -  
10.814  0.041  111.80  

0.04  2016.587  5 2 
B    -   

TDT3234 
A 21 54 50.873  43 09 55.07  

0.03  0.04  -  0.050  -  -  
11.250  0.071  96.43  

0.07  2016.587  5 2 
B    -   

TDT2980 
A 21 27 56.985  34 39 10.89  

0.03  0.04  -  0.050  -  -  
11.917  0.062  69.82  

0.06  2016.587  5 2 
B    -   

TDT2998 
A 21 30 00.125  35 49 04.03  

0.03  0.04  -  0.050  -  -  
11.444  0.052  75.82  

0.05  2016.587  5 2 
B    -   

TDT2868 
A 21 15 50.764  31 59 22.51  

0.03  0.04  -  0.050  -  -  
11.666  0.062  76.98  

0.06  2016.587  5 2 
B    -   

ES 2125  
A 21 24 29.230  36 31 31.12  

0.04  0.04  2.005  0.057  33.586  1.616  
10.360  0.072  66.09  

0.07  2016.587  5 1 
B 21 24 29.322  36 31 32.79  11.193  0.071  84.73  

TDT2904 
A 21 19 32.121  37 45 29.49  

0.03  0.03  -  0.042  -  -  
11.709  0.052  82.76  

0.05  2016.587  5 2 
B    -   

TDS1120 
A 21 10 43.074  35 15 15.38  

0.04  0.04  -  0.057  -  -  
10.061  0.051  128.41  

0.05  2016.587  5 2 
B    -   

TDT2791 
A 21 09 29.115  35 05 30.89  

0.04  0.04  -  0.057  -  -  
11.997  0.062  63.05  

0.06  2016.587  5 2 
B    -   

TDT2675 
A 20 59 14.781  32 31 29.21  

0.03  0.05  -  0.058  -  -  
12.186  0.053  58.08  

0.05  2016.587  5 2 
B    -   

TDT2763 
A 21 07 00.484  37 24 23.36  

0.03  0.04  -  0.050  -  -  
11.197  0.061  91.60  

0.06  2016.587  5 2 
B    -   

TDT2981 
A 21 28 11.981  46 06 34.77  

0.03  0.04  -  0.050  -  -  
11.648  0.061  82.05  

0.06  2016.587  5 2 
B    -   

TDT2758 
A 21 06 49.966  38 33 32.18  

0.03  0.04  -  0.050  -  -  
11.851  0.052  77.63  

0.05  2016.587  5 2 
B    -   

TDT3002 
A 21 30 21.931  49 26 14.27  

0.04  0.04  1.664  0.057  311.381  1.947  
11.013  0.072  64.96  

0.07  2016.587  5 1 
B 21 30 21.803  49 26 15.37  11.608  0.072  65.42  

TDT2719 
A 21 03 40.854  46 16 09.61  

0.04  0.04  -  0.057  -  -  
12.211  0.062  65.15  

0.06  2016.587  5 2 
B    -   

TDT2121 
A 20 15 12.962  30 06 07.82  

0.06  0.07  -  0.092  -  -  
12.153  0.111  60.28  

0.11  2016.587  5 2 
B    -   

TDT2051 
A 20 10 43.433  30 14 40.55  

0.06  0.06  -  0.085  -  -  
11.050  0.061  105.25  

0.06  2016.587  5 2 
B    -   

Table 2. Measurement results for all TDS objects in Cyg with 2" separation so far not confirmed plus 5 already confirmed non TDS objects 
for counter-checking based on iT24 images (plus one by chance found additional double star). Method of observations = C (CCD or other 
two-dimensional electronic imaging) and aperture = 0.61m 

Table 2 concludes on next page. 
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Name  RA Dec dRA dDec Sep 
Err 

Sep 
PA Err PA  Mag 

Err 

Mag 
SNR dVmag Date  N Notes  

ES 1448  
A 20 44 52.839  43 31 51.96  

0.05  0.06  1.881  0.078  
140.92

7 
2.378  

10.239  0.062  74.41  
0.06  

2016.58

7 
5 1 

B 20 44 52.948  43 31 50.50  10.593  0.061  102.48  

TDT2130 
A 20 15 58.445  37 50 35.19  

0.06  0.09  -  0.108  -  -  
11.587  0.081  73.08  

0.08  2016.587  5 2 
B    -   

TDT2289 
A 20 27 28.319  43 07 06.90  

0.05  0.06  -  0.078  -  -  
11.878  0.072  67.63  

0.07  2016.587  5 2 
B    -   

TDT2359 
A 20 33 00.211  59 21 55.17  

0.05  0.07  -  0.086  -  -  
10.074  0.051  140.73  

0.05  2016.587  5 2 
B    -   

TDT2261 
A 20 25 50.823  59 37 50.29  

0.07  0.08  -  0.106  -  -  
9.921  0.070  132.76  

0.07  2016.587  5 2 
B    -   

TDT1697 
A 19 44 40.606  32 04 18.18  

0.07  0.07  -  0.099  -  -  
12.279  0.092  54.42  

0.09  2016.587  5 2 
B    -   

TDT1729 
A 19 46 34.516  32 43 16.83  

0.06  0.07  -  0.092  -  -  
10.045  0.080  152.78  

0.08  2016.587  5 2 
B    -   

TDT2197 
A 20 20 56.897  55 10 55.79  

0.06  0.06  -  0.085  -  -  
10.677  0.061  118.95  

0.06  2016.587  5 2 
B    -   

ES  242  
A 19 51 02.024  36 42 42.93  

0.06  0.05  1.844  0.078  31.016  2.426  
11.088  0.072  68.29  

0.07  2016.587  5 1 
B 19 51 02.103  36 42 44.51  11.369  0.073  56.69  

TDT2123 
A 20 15 20.106  54 27 40.39  

0.05  0.06  -  0.078  -  -  
11.459  0.061  81.42  

0.06  2016.587  5 2 
B    -   

TDT1965 
A 20 05 38.479  58 21 04.77  

0.05  0.07  -  0.086  -  -  
11.962  0.073  55.29  

0.07  2016.587  5 2 
B    -   

TYC3948-

01545 - 1 

A 20 05 29.946  58 21 06.72  
0.05  0.07  2.651  0.086  78.467  1.859  

11.372  0.073  54.85  
0.07  2016.587  5 3 

B 20 05 30.276  58 21 07.25  12.963  0.091  18.11  

TDT1991 
A 20 07 05.472  54 31 00.36  

0.05  0.07  -  0.086  -  -  
10.598  0.081  111.35  

0.08  2016.587  5 2 
B    -   

TDT1680 
A 19 43 45.493  37 38 17.23  

0.06  0.06  -  0.085  -  -  
11.436  0.061  91.56  

0.06  2016.587  5 2 
B    -   

POP 135  
A 19 28 56.516  35 06 44.99  

0.04  0.05  1.846  0.064  37.220  1.987  
11.106  0.062  71.36  

0.06  2016.587  5 1 
B 19 28 56.607  35 06 46.46  11.743  0.062  73.08  

TDT1533 
A 19 32 38.027  48 39 06.14  

0.03  0.03  -  0.042  -  -  
11.946  0.053  65.20  

0.05  2016.587  5 2 
B    -   

TDT1391 
A 19 20 56.331  47 10 09.47  

0.03  0.04  2.064  0.050  3.682  1.388  
11.821  0.044  55.67  

0.04  2016.587  5 1 
B 19 20 56.344  47 10 11.53  12.098  0.045  53.86  

TDT1358 
A 19 17 48.423  47 59 17.77  

0.03  0.03  -  0.042  -  -  
11.456  0.052  78.70  

0.05  2016.587  5 2 
B    -   

TDT1259 
A 19 09 29.515  48 27 57.21  

0.06  0.08  2.275  0.100  
204.53

5 
2.516  

12.073  0.112  48.54  
0.11  2016.587  5 1 

B 19 09 29.420  48 27 55.14  11.957  0.111  60.02  

Table 2 (conclusion). Measurement results for all TDS objects in Cyg with 2" separation so far not confirmed plus 5 already confirmed non 
TDS objects for counter-checking based on iT24 images (plus one by chance found additional double star). Method of observations = C 
(CCD or other two-dimensional electronic imaging) and aperture = 0.61m 

Table 2 notes: 

1. Touching/overlapping star disks  

2. Appears as a single star  

3. Same image as TDT 1965. Double star confirmed by elongation in 2MASS images, yet no 2MASS catalog entry exists for B nor in 
any other catalog  
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(SDSS images are currently not available for Cyg) 
should allow for very conclusive assessments per object 
if bogus or not. The results of this comparison are 
shown in Table 3. 
From 33 so far unconfirmed 2" TDS objects in Cyg 

only 3 are confirmed as double stars while for the rest 
we cannot confirm, while from the 5 selected additional 
2" double stars in Cygnus all 5 have been fully con-
firmed. 

Potential further research 

As the number of so far unconfirmed Tycho Dou-
ble Stars is huge the field for further research seems 
also huge. The effort to eliminate all bogus TDS/TDT 
objects from the WDS catalog is probably much higher 
than adding them initially especially if we go down in 
separation far below 2 arcseconds. Counterchecking 
with SDSS images with much better resolution than 
2MASS offers a possibility with reasonable effort down 
to separations of somewhat less than 1.5" but then 
things get difficult. It seems out of the question to 
counter-check the huge number of so far not confirmed 
TDS objects with visual observation (anyway a rather 
frustrating task ï looking at single stars proposed to be 
doubles) and taking dedicated images for this purpose 
especially for separations smaller than 1.5" ï the effort 
would be huge and obviously a waste of time and 
equipment. The meager ratio of confirmed to bogus 
from the so far counter-checked TDS objects suggests a 
crude resolution: All so far not confirmed TDS objects 
are to be considered suspect with a high probability of 
at least 85% of being bogus. 
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Visual Observation and Measurements of 33 so far Unconfirmed Tycho Double Stars in Cygnus ... 

Name Imaging  Visual observation  Aladin images  Overall conclusion  

HO 605  
Touching/overlapping 

star disks  

With a magnification of x230 

resolution at ~345° with 

estimated separation 2ò 

2MASS and POSS images suggest elon-

gation  

Object as double star 

confirmed  

TDT 3230  Obviously single star  No resolution  
2MASS images without hint of elonga-

tion  
Bogus  

COU 1639 
Touching/overlapping 

star disks  

With a magnification of x230 

resolution at ~210° with 

estimated separation 2ò 

2MASS images suggest elongation  
Object as double star 

confirmed  

TDT 2914  Obviously single star  No resolution  2MASS images no hint of elongation  Bogus  

TDT 3234  Obviously single star  No resolution  2MASS no hint of elongation  Bogus  

TDT 2980  Obviously single star  No resolution  2MASS images no hint of elongation  Bogus  

TDT 2998  Obviously single star  No resolution  2MASS images no hint of elongation  Bogus  

TDT 2868  Obviously single star  No resolution  2MASS images no hint of elongation  Bogus  

ES 2125  
Touching/overlapping 

star disks  

With a magnification of x230 

resolution at ~45° with esti-

mated separation 2ò 

2MASS and POSS images suggest elon-

gation  

Object as double star 

confirmed  

TDT 2904  Obviously single star  No resolution  2MASS images no hint of elongation  Bogus  

TDS 1120  Obviously single star  No resolution  
2MASS images slight hint of elonga-

tion  

Probably bogus (after 

rather negative re-

checking of 2MASS and 

POSS images)  

TDT 2791  Obviously single star  No resolution  2MASS images no hint of elongation  Bogus  

TDT 2675  Obviously single star  No resolution  2MASS J no hint of elongation  Bogus  

TDT 2763  Obviously single star  No resolution  
2MASS images slight hint of elonga-

tion  
Bogus  

TDT 2981  Obviously single star  No resolution  2MASS images no hint of elongation  Bogus  

TDT 2758  Obviously single star  No resolution  2MASS images no hint of elongation  Bogus  

TDT 3002  
Touching/overlapping 

star disks  

With a magnification of x230 

resolution at ~300° with 

estimated separation 2ò 

2MASS no hint of elongation but POSS 

images show hint of elongation  

Object as double star 

confirmed  

TDT 2719  Obviously single star  No resolution  2MASS images no hint of elongation  Bogus  

TDT 2121  Obviously single star  No resolution  2MASS J no hint of elongation  Bogus  

TDT 2051  Obviously single star  No resolution  2MASS J no hint of elongation  Bogus  

Table 3 Overall assessment for all TDS objects in Cyg with 2ò separation so far not confirmed plus 5 already confirmed non 
TDS objects for counter-checking based on iT24 images, visual observation and counter-checking 2MASS and POSS images 

Table 3 concludes on next page. 
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Visual Observation and Measurements of 33 so far Unconfirmed Tycho Double Stars in Cygnus ... 

Name Imaging  Visual observation  Aladin images  Overall conclusion  

ES 1448  
Touching/overlapping 

star disks  

With magnification of x230 

resolution at about 140° with 

estimated separation of 2ò 

2MASS and POSS images suggest 

elongation  

Object as double star con-

firmed  

TDT 2130  Obviously single star  No resolution  2MASS J no hint of elongation  Bogus  

TDT 2289  Obviously single star  No resolution  2MASS J no hint of elongation  Bogus  

TDT 2359  Obviously single star  No resolution  2MASS J no hint of elongation  Bogus  

TDT 2261  Obviously single star  No resolution  2MASS J no hint of elongation  Bogus  

TDT 1697  Obviously single star  No resolution  2MASS J no hint of elongation  Bogus  

TDT 1729  Obviously single star  No resolution  2MASS J no hint of elongation  Bogus  

TDT 2197  Obviously single star  No resolution  2MASS J no hint of elongation  Bogus  

ES 242  
Touching/overlapping 

star disks  

With a magnification of x230 

resolution at ~30° with a 

separation of ~2"  

2MASS and POSS images suggest 

elongation  

Object as double star con-

firmed  

TDT 2123  Obviously single star  No resolution  2MASS no hint of elongation  Bogus  

TDT 1965  Obviously single star  No resolution  2MASS no hint of elongation  Bogus  

TDT 1991  Obviously single star  No resolution  2MASS no hint of elongation  Bogus  

TDT 1680  Obviously single star  No resolution  2MASS no hint of elongation  Bogus  

POP 135  
Touching/overlapping 

star disks  

With a magnification of x230 

hint of companion at ~40° 

with a separation of ~2"  

2MASS and POSS images suggest 

elongation  

Object as double star con-

firmed  

TDT 1533  Obviously single star  No resolution  2MASS no hint of elongation  Bogus  

TDT 1391  
Touching/overlapping 

star disks  
No resolution  

2MASS image suggest hint of 

elongation  

Object as double star con-

firmed (negative visual ob-

servation probably due to 

observing the  wrong object 

because of initial problems 

with the GoTo mount)  

TDT 1358  Obviously single star  No resolution  2MASS no hint of elongation  Bogus  

TDT 1259  
Touching/overlapping 

star disks  

With a magnification of x420 

resolution at a position 

angle of ~215° and a separa-

tion of ~2"  

2MASS images suggest elongation  
Object as double star con-

firmed  

Table 3 (conclusion). Overall assessment for all TDS objects in Cyg with 2ò separation so far not confirmed plus 5 already 
confirmed non TDS objects for counter-checking based on iT24 images, visual observation and counter-checking 2MASS and 
POSS images 
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Introduction 
CPM pairs seem to us interesting enough to deserve 

their own catalog, but so far the WDS catalog is the 
only regularly maintained data base for these objects, so 
we checked the LSPM catalog for potential CPM pairs 
currently not WDS listed. The selection from LSPM 
was done by sorting all LSPM objects by RA and then 
checking if the next LSPM object is nearer than 30 arc-
seconds. We then found that in most cases such pairs 
were identical with LSPM objects with the same object 
ID, but with E/W/S/N added for differentiation of close 
objects with large proper motion. Next came a quick 
first check if such pairs show similar proper motion 
properties in terms of direction and speed. Assuming 
that star characteristics are distributed by random ac-
cording to the general frequency regardless of distance 
one would expect that only a small part would show the 
characteristics of common proper motion. But to our 
surprise most of the pairs checked suggested CPM, 
which means that if two close stars have large proper 
motion then speed and direction is mostly very similar 
ï the reason for this ñruleò is rather unclear to us. 
We then checked as many sources available to us 

via Aladin for data for these CPM candidates beginning 
with visual comparison of POSS I and POSS II images. 
Then if possible we used the Aladin centroid feature to 
get precise position coordinates in the POSS images 
allowing the calculation of separation and PA and the 
PM data based on the comparison between POSS I and 

POSS II. If the Aladin centroid feature did not work 
(stars too faint or too close) we then resorted to visual 
estimations of the centroids. Next came the check of 
other existing catalog data for the given field of view, 
especially 2MASS, URAT1, SDSS, WISE, UCAC4, 
GSC, NOMAD1, APASS etc., for data on both compo-
nents with 2MASS and URAT1 the most important da-
ta source for calculating the PM data by comparison of 
the positions in 2MASS and URAT1 allowing a CPM 
rating according to Knapp/Nanson 2016. If URAT1 
data was available, then we also checked the VizieR 
I/330 catalog from Nicholson 2015 (meanwhile, no 
longer available) based on URAT1 preliminary PM 
data to show the difference of the estimated PM errors 
compared to the 2MASS position error based on calcu-
lated PM error estimation. 
As was to be expected we stumbled over several 

catalog data quality issues providing some good riddles. 
SDSS for example provides the currently best available 
image resolution of ~0.4 arcseconds and delivers with 
the SDSS DR9 catalog for most objects excellent pre-
cise RA/Dec with an unbelievable small position error 
of 0.001" but suddenly some objects have curious large 
position errors of ~0.5". Yet it would be of high interest 
to have SDSS covering the full sky instead of the cur-
rently given about a third. SDSS DR9 includes also for 
many objects PM data based on comparison of different 
SDSS observations, with a time distance of about 6 
years.  Despite this rather short time frame, most pro-
vided PM data seems with some exceptions rather pre-
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CPM Pairs from LSPM so far not WDS Listed 

cise but in nearly all such cases PM data only for the A 
component was available. Position comparison between 
2MASS and SDSS was quite often less satisfying due 
to the too short time distance but even in cases with 5 
or 6 years the calculated PM values were often not very 
useful. 
Another catalog with good RA/Dec precision is 

WISE even if based on a technical resolution of only 
~1.4 arcseconds per pixel. But also this catalog covers 
so far only a part of the sky and the observation epoch 
is a bit unclear due to a mix of observation dates. We 
had here to resort to the NASA/ IPAC Infrared Science 
Archive to get a precise average observation date. Simi-
lar to SDSS we often used WISE position data if availa-
ble for both components for comparison with 2MASS 
but the calculated PM values were often not very use-
ful. 
Next very annoying errors are PM errors in URAT1 

ï sometimes you can only wonder what positions Ala-
din shows in the images for the URAT1 objects, only to 
realize that Aladin shows as standard epoch J2000 and 
calculates the URAT1 positions from 2013 back to 
J2000 with the given PM data. Moving the epoch slider 
to epoch 2013 shows then the effectively measured 
URAT1 positions. 
We tried also to get the visual magnitudes for each 

of the components from the various catalogs we used. 
In the absence of Vmags, where J- and K-band values 
were available, we used a spreadsheet to estimate 
Vmags with formulas based on the works of Caldwell 
et al 1993 and Warner 2007 (http://brucegary.net/
dummies/method0.html) provided -0.1 < (J-K)< 1.0. 
Spectral class data was scarce in the available cata-

logs so we had to resort to deriving the spectral class of 
the objects in question using the B-V color index pro-
vided we had these values listed in the same catalog. 
For this purpose we used a table provided by the Space 
Telescope Science Institute (http://www.stsci.edu/~inr/
intrins.html). 
As far as possible (mostly depending on the altitude 

and availability of each object at the time of our re-
search) we tried then to provide recent precise measure-
ments for position, separation, position angle and visual 
magnitudes based on images taken with remote tele-
scopes using our usual procedure: 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. Due to the faintness of some objects 
we had to use exposure times up to 60 seconds and 
even then some components were too faint to be re-
solved. 

In total we got in this way an observation history of 
each object beginning in most cases in the year ~1950 
with POSS I and ending 2016 with own new images. 

Results of Our Research 
In Table 1 we present for the selected objects (plus 

one Tycho object found by chance as potential CPM 
during comparing POSS images for another object) as 
much data as we could find in the images and catalogs 
available to us including our own measurements of ob-
jects in reasonable altitude for imaging with remote 
telescope iT24. Shown below is a description of the 
table content per column:. 
¶ LSPM gives the LSPM ID of the selected object in 
the header line 

¶ RA and Dec give the URAT1 coordinates of the A 
component in the header line in the traditional 
HH:MM:SS DD:MM:SS format and in the data 
lines for the sources referred to in the Notes column 
in decimal degrees format as these values are di-
rectly usable for calculating Sep and PA 

¶ Sep " and PA Á give separation and position angle 
in the data lines 

¶ M1 and M2 give measured Vmags in the header 
line for A and B and if available also in the data 
lines  where we had often to resort to estimated val-
ues based on calculation from the J- and K-band 
values if available 

¶ pmRA1 and pmDE1 with e_pm1 give the proper 
motion data for A and pmRA2, pmDE2 and e_pm2 
for B in the header line as well as in the data lines 
calculated by comparison of positions between cat-
alogs or directly from the catalogs (specified in the 
Notes column) 

¶ Spc1 and Spc2 give the spectral class for A and B 
usually based on the B-V color index if available 

¶ Ap indicates in the data lines the used aperture for 
the observation listed and Me indicates the WDS 
code for the used observation method 

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

¶ CPM Rat gives the rating of the CPM assessment 
based on comparison of positions between 2MASS 
and URAT1 in the header line and the correspond-
ing data line (usually URAT1) 

¶ Source/Notes finally indicates in the header line the 
overall assessment for the object in question and in 
the data lines the used source (images and catalogs) 
and additional explanations if considered neces-
sary. 

(Text  continues on page 161) 
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CPM Pairs from LSPM so far not WDS Listed 

Summary 
Of the  47 objects checked for CPM  

¶ 22 got a triple A rating based on position compari-
son between 2MASS and URAT1 (according to the 
method presented in Knapp/Nanson 2016), which 
means solid CPM 

¶ 15 got a rating between AAB to BAC, which 
means probably CPM with caveats but all of them 
with CPM confirmation by comparison of POSS 
images 

¶ 9 remained without rating due to missing URAT1 
positions for the secondary 

¶ 1 remained as suspect due to missing evidence for 
the secondary. 
 
One object (J1937+4445) was during the research 

for this report added to the WDS catalog as CPM pair 
DEA 288 but we kept this object in the report to pro-
vide the additional observations we found in the diverse 
catalogs or made ourselves. 
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Introduction  
A three-day Double Star Workshop was hosted 

from March 11 through March 13, 2016 at Vanguard 
Preparatory School. Astronomers chose thirty-three 
eighth grade students attending Vanguard to participate 
in the workshop.  The students were then split up into 
three teams and matched with an instructor. The astron-
omers who led the students were Chris and Reed Estra-
da (Green Team, see Figure 1), Mark Brewer (Red 
Team), and Sean Gillette (Purple Team).  

Equipment and Procedures 
The Green Team used a 22-inch Newtonian Alt/Az 

telescope with a Celestron Micro Guide Eyepiece at-
tached to a Bell and Howell High Definition Video 
Camera. The usage of the video camera counterbal-
anced the necessity for the drive motors and negated the 
field rotation in Alt/Az telescope. 
The calibration star, Bellatrix (Gamma Orionis), 

was used to determine the scale constant on the date of 
B2016.186. The eyepiece was rotated so that the sky 
would drift parallel to the linear scale. Bellatrix was 
then positioned on the eastern edge of the linear scale; 
the star moved across the linear scale. The team of stu-
dents determined the amount of time it took for the star 
to drift to the western edge of the linear scale using a 
stopwatch that read to the nearest 0.01 seconds. Ten 
drift times were used to determine the scale constant 

using the equation 

where Z was the scale constant in arc seconds per divi-
sion; 15.0411 is the Earthôs rotational rate in arcseconds 
per second; t was the average drift time in seconds 
(50.09); D was the number of division marks on the 
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Abstract:  A selected team of 8th graders measured the separation and the position angle of 

double star HR 2282 also known as Furud. They used a 22- inch Newtonian Alt/Az telescope to 

determine the scale constant, separation, and the position angle. The separation angle was 169.6 arc 

seconds and the position angle was 339.7 degrees. The results were compared to the 1999 Washing-

ton Double Star Catalog and were found to be extremely close. 

 Figure 1:  Team that participated in the study of HR2282 (Green 
Team).  Top Row (left to right): Astronomers Reed and Chris Estra-
da, Nick Varela, Charlie Colbert, Colin Mayo, Edward Don-
delinger, and Jeremy Goodrow.  Bottom Row (left to right): Tara 
Izadi, Peyton Anker, Destiny Barrientos, Lindsey Gillette, Sarah 
Stuart, and Jordan Milton.  

15.0411 cos( )t dec
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Student Observation of HR 2282 (Furud) 

linear scale (60). These determined that the scale con-
stant for the 22-inch telescope was 7.02 arc seconds per 
division. 
The telescope was pointed at HR 2282 on the date 

of B2016.186. A Bell and Howell DNV16HDZ Video 
Camera was used to capture images through the Celes-
tron astrometric eyepiece to determine the position an-
gle and separation of the double star. The videos were 
downloaded to a computer. Selected still images were 
taken of the separation and position angle of the star 
(see Figures 3 and 4.). The student team evaluated the 
gathered digital data. The average position value was 
multiplied by the scale constant to find the final separa-
tion. Ten measurements were then made to find the av-
erage position angle. Each student looked at a different 
picture of the double star along the astrometric eyepiece 
scale to allow for a statistical average of the separation 
measurement. The stars dithered or moved along the 
scale in real time as observed through the eyepiece of 
the telescope. To simulate this movement, and to get an 
average position, ten samples and ten pictures were tak-
en. Each was observed by an individual student. 
Results of the measurements are given in Table 1. 

Conclusion 
The students in the Vanguard Preparatory Double 

Star Workshop 2016 successfully measured the separa-
tion and position angle of the double star HR 2282. 
Their measurements compared well with the WDS cata-
logue with a difference of 1.7 arcseconds on the separa-
tion and a 2.6 difference of the position angle. 
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Figure 2: Nick Varela looking through telescope at Double Star 
HR 2282 (Furud). 

 

Figure 3: Primary and secondary star being measured.  

 
Figure 4: Position angle being measured  
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Student Observation of HR 2282 (Furud) 
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Parameters  # of Obv.  
Average 

Values  
Mean SD 

Standard 

Error of 

Mean 

WDS Value  

(1999)  
Difference  % Difference  

Separation 

(a.s.)  
10 169.6  29.3  1.5  0.4  173  3.4  1% 

Position  

Angle(deg)  
10 339.7  249.7  2.2  6.3  338  1.7  1% 

Table 1: Measurements of HR 2282 (Furud).  Measurements were made on B2016.186. 
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Student Measurements of Double Star STF 747AB 
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Abstract:  Data gathered from a 22-Inch Newtonian Alt/Az telescope and a 
Celestron Micro Guide eyepiece were used to measure the double star STF 747AB. 
Students from Apple Valley High School determined the separation to be 39.97 arc 
sec and the position angle to be 227.91 degrees. The students also used data from 
the digitized sky survey and determined a separation of 39.99 arc sec and a position 
angle of 225 degrees. The research was semi-independent from the Vanguard Dou-
ble Star Workshop 2016 in Apple Valley, California. 

Introduction  
Vanguard Preparatory School hosted a three day 

double star workshop from March 11 through March 
13. A number of high school students participated in 
measuring scale constant, plate scale, separation, and 
position angle of the double star system STF 747AB. 
These students had participated in previous double star 
workshops hosted by Vanguard Preparatory and 
worked semi-independently using images that were 
gathered by Chris and Reed Estrada on March 10 with 
a 22-inch Newtonian Alt/Az telescope and a Celestron 
Micro Guide eyepiece fitted with a Bell and Howell 
High Definition Video Camera as well as images gath-
ered from the Digitized Sky Survey. 
The double star system STF 747AB is located in 

the Orion constellation. STF 747AB has a blue primary 
star with a magnitude of 4.7 and a blue secondary star 
with a magnitude of 5.5. The right ascension and decli-
nation are listed in the Washington Double Star Cata-
log as 053502.68-060007.2. The double star was first 
measured in 1825 and a total of 49 measurements have 
been documented in the WDS. The latest measurement 
of STF 747AB was in 2014 with a separation of 35.9 
arc sec and a position angle of 224 degrees. This star 
was selected for its magnitude, position angle, and sep-
aration. 

Equipment and Procedures 
The team, pictured in Figure 1, in this study used a 

22-inch Newtonian Alt/Az telescope (Figure 2) with a 

Celestron Micro Guide eyepiece fitted with a Bell and 
Howell high definition video camera. The use of the 
video camera offsets the need for a drive motor and ne-
gates the field rotation common with telescopes that 
use Alt/Az. 
The star Bellatrix was used to calibrate the tele-

scope to the Celestron Micro Guide eyepiece for sepa-
ration measurements. To calibrate the telescope, the 

 

Figure 1:  The authors from left to right in the back row: Scott 
Sharpe, Travis Gillette, Benjamin Funk, and Ruth Schlosser. The 
authors from left to right in the front row: Grace Bateman, 
Breauna Rhoades, and Leone Thompson. Picture was taken by 
Mark Rhoades.  


