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target objects with the help of the program Guide 8.0 
(a desktop planetarium and charting program4), a 
9x50 correct image finder5 on my telescope, and the 
image on my computer screen from the CCD camera 
operating in focus mode.  This mode provides a nearly 
"live" image of what the telescope is pointing at, which 
is updated every few seconds.  The program Guide al-
lows the user to select a circle the same angular di-
ameter as the field of view of the finder and also pro-
vides a rectangle covering the same area of the sky 
and with the same field orientation as the CCD cam-
era.  The circle and rectangle are plotted to-scale on 
the star field.  When zoomed out to a scale where con-
stellations are visible, the program helps to roughly 
point the telescope using a zero power projected red 
dot finder.  When zoomed in until the finder circle fills 
the computer screen, it supports close pointing using 
the 9x50 finder.  And finally, when zoomed in until 
the CCD rectangle nearly fills the screen, it makes the 
final positioning of the object of interest in the center 
of the CCD field easy and unambiguous. The field ori-
entation can be rotated to match either the finder 
view or the CCD field.  In most cases, the field con-
taining the double star could be quickly positioned on 
the camera CCD by simply pointing the telescope at a 
nearby field star and star hopping to the double by 
watching the "live" image from the camera in Focus 
Mode and the Guide sky chart next to it on the com-
puter monitor.  In all cases so far encountered there 
were sufficient field stars around the double to permit 
an absolute identification of the WDS location of the 
double by visual pattern matching.  In some cases, 
there was no double star at the published location.  
These cases will be discussed individually. 

Once the double was located in the CCD image, a 

Equipment and Computer Software  
    My observations were made using an SBIG 

ST-8 CCD camera coupled by a three element achro-
matic Barlow lens to my f/6 12.5" Newtonian reflector.  
The Barlow lens extends the focal length to 178.44 
inches1 to provide a more useful plate scale for the 
measurements.  The camera is equipped with a set of 
photometric filters mounted in the SBIG 10 position 
color wheel and remotely operated by the program 
CCDOPS (supplied with the camera).  The telescope 
aperture and focal length are entered into the pro-
gram and are part of the parameter data saved with 
each image file.  The double star measurements were 
done using the CCDOPS crosshair tool on the raw im-
age files. The program computes centroids of the star 
images and measures distances and angles to sub-
pixel precision.2  An Excel spreadsheet was used for 
data logging and for calculating averages and stan-
dard deviations.  A computer with Windows XT oper-
ating system running CCDOPS and the other pro-
grams needed was stationed in a cubicle adjacent to 
the observing area.  Remote focus and telescope slow 
motion controls were also routed to this cubicle. 

Experimental Procedure 
      I compiled my observation list by selecting 

stars from a seasonally appropriate range of right as-
censions from the Neglected Northern Doubles list 
and then sorting the list by date of last observation 
and the separation of the double.  Additional stars 
were included as observation targets as I happened to 
encounter them in the sky and in response to postings 
on the binary-stars-uncensored discussion group.3 

Rather than relying upon setting circles, I located 
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series of 12 images was taken, four each through I, R 
and V photometric filters.  In some cases, additional 
images were taken through other filters.  Exposures 
were in the 0.5 to 10 second range depending upon the 
brightness of the stars.  Guiding was unnecessary for 
these short exposures.  Since atmospheric seeing af-
fects the star images, I saved for subsequent measure-
ment only the images in which the stars were as 
round and small as possible for the seeing conditions.  
When seeing was too bad to obtain decent images, I 
simply closed up and went to bed.  Hand entries de-
scribing each observation were made in a dated and 
signed notebook at the time of observation. 

Image measurement was done the next day using 
the "crosshair tool" provided in the program CCDOPS.   
The magnitude of each star and the angle and separa-
tion of each pair were logged into my Excel spread-
sheet.  It is unfortunate that the angle measured by 
the crosshair tool in CCDOPS is not actually the posi-
tion angle.  The program measures angles clockwise 
from a line pointing to the top of the image on the 
computer monitor.  This is opposite to the convention 
for position angle, and the orientation of the zero di-
rection is dependent upon the orientation of the cam-
era relative to the telescope.  This must be determined 
by observation using drift exposures.  To do this I po-
sition a star near the eastern edge of the field and 
take a 40 second exposure with the telescope drive 
turned off.  The star trail on the image is in the east-
west direction (position angle 270o).  In the camera 
orientation I normally use, north is to the left and the 
star trail (indicating the exact direction of west, θ = 
270o) goes from the bottom of the image to the top.   I 
carefully measure the angle this line makes with the 
vertical (angle d) and use it to convert the angle that 
crosshair provides (angle c) to the true position angle 
(see Figure 1):  

 
 
 

 
I calculate the average of all 12 crosshair angle 

measurements before making this conversion.  Simi-
larly, the separation of the components of the double 
star is the average of all 12 measured separations.  
This method of obtaining the data compensates for 
distortion of the field geometry by atmospheric seeing 
effects and provides measurements that have sub-
pixel scale accuracy.  Since my telescope tracking is 
not perfect (periodic error, wind effects), it is similar 
in this respect to the technique of dithering6 used to 
advantage in under-sampled CCD images. 

The magnitude differences, Δm = mB-mA, were cal-
culated for each image and averaged over the four val-
ues obtained for each filter.  The standard deviations 
of each Δm value were also calculated. 

Table 1 is a record of all my observations from the 
middle of August 2006 until the end of the year.  The 
first column gives the discoverer designation and the 
second column the WDS identification number.  The 
latter is a shorthand representation for the approxi-
mate right ascension and declination of the double 
star in hhmm.m±ddmm format with the decimal point 
omitted.  Note that the items enclosed in < > signs are 
provisional designations of the author, not those of the 
WDS.  The third column is in most cases the WDS 
magnitudes of the objects.  In the case of new compo-
nents (or new double star systems) the magnitudes 
are calculated from the magnitude of component A al-
ready in the WDS by adding the measured value of 
ΔmV, or by taking the magnitudes from the GSC 
(Guide Star Catalog) as provided by Guide.  The 
fourth column is my measurement of the position an-
gle in degrees.  This is usually the average from 
twelve images taken through three filters (V, R and I, 
four images through each filter).  In some cases, more 
or less images were used.  These cases are noted.  
Similarly, the fifth column is the separation of the 
components in seconds of arc, also usually the average 
of the measurements from twelve images.  The sixth, 
seventh and eighth columns contain the Δm values 
and their standard deviations through the V, R and I 
photometric filters.  Each value is usually the average 
of four measurements.  In a few cases (faint red com-
panion stars), the star was not visible in the images 
taken through the V filter so no ΔmV is provided.  In 
cases where no standard deviation is supplied, the 

(270 )o d cθ = + −

Figure 1:  Measurement of position angle using the star trail. 
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star was visible on only one image.   The ninth column 
is the date (year plus decimal fractional year), and the 
tenth column is the number of nights the object was 
observed.  Note that even when n=1, the data pro-
vided are averages over a substantial number of im-
ages, usually 12.  Finally, the eleventh column refers 
to the "Notes to Table" given below. 

Some of the entries in the Table 1 contain no new 
data from my observation.  These entries represent 
neglected doubles that are probably truly lost.  In 
these cases there is nothing present in the field im-
plied by the WDS identifier (or the precise coordi-
nates, when available) that could possibly be the ob-
ject described by the discoverer.  In two cases (WRH 
23 and D 33) I was able to find the object in a nearby 
field, but in most cases this was not possible.  The 
story of finding WRH 23 and D33 will be presented in 
another JDSO article. 

Footnotes to Text 
1. Focal length determined by order spacing in an im-

age of the spectrum of Vega taken with a coarse ob-
jective grating placed over the telescope aperture.  
See my pending paper in JDSO. 

2. SBIG application note “Making Astrometric and 
Photometric Measurements with the SBIG Cam-
eras” 
http://www.sbig.com/pdffiles/measuring.magnitudes.pdf 

3.  http://tech.groups.yahoo.com/group/binary-stars-uncensored/ 
4. http://www.projectpluto.com/ 
5. Right angle finder equipped with Amici prism so  

that right and left are not reversed. 
6. For examples of dithering see:                              

http://www.adass.org/adass/proceedings/adass99/O6-02/               
http://www-int.stsci.edu/instruments/wfpc2/Wfpc2_faqwfpc2_dith_faq.html 

Notes to Table 
1. No star matching description found at WDS posi-

tion 
2. Same system as WDS 19448+2916 ISM 4.  Exact 

coordinates: 19 44 48.7 +29 15 53 
3. Magnitude of secondary calculated from magnitude 

of primary and ΔmV 
4. New double star not presently in WDS 
5. Only one image of the four taken through this filter 

showed this component, no standard deviation pos-
sible 

6. "Sky Glow" anti-light pollution filter used for these 
faint companions, Δm values not meaningful 

7. New component for a multiple star system already 
in the WDS 

8. Magnitude of secondary questionable, probably 
fainter than listed in WDS 

9. Stars not resolved 
10. Position implied by WDS identifier for D 33 is in-

correct.  D 33 is identical with MLB 176 AB. 
      Exact coordinates: 21 48 29.9 +61 36 54 
11. Magnitude estimated, image very faint through V 

filter 
12. WDS position for STF2462 is incorrect.  RA is 

19h10.7m 
13. Δm using B filter was 4.74 
14. Δm using B filter was 4.38 
15. Δm using B filter was  3.02 ± 0.16 
16. Δm using B filter was  2.66 ± 0.18 
17. Star A is GSC 3565 1231, magnitude 7.259 
18. Star A is GSC 2736 1376, magnitude 9.424 
19. Star A is GSC 3242 496, magnitude 12.1 
20. Star A is GSC 3642 348, magnitude 9.658 
21. Star A is GSC 3238 944, magnitude 10.8 
22. Star A is GSC 3651 586, magnitude 11.9 
23. Star A is GSC 3651 486, magnitude 9.525 
24. Star A is GSC 2763 2479, magnitude 14.4 
25. Star closest to WDS position is 7th magnitude 

TYC 3623 850 which is also identified with HJ 
1853 by Guide.  Star is either not a double or is 
unresolved in my system.  No 7.7 mag companion 
present.  

 

 
 

Table of measurements begins on next page. 

The author is a retired research chemist (Ph.D. from U. Cal, 40 years of chemical research for Union Carbide 
and Dow Chemical).  He tells us, "It was a question of whether I would be an astronomer with a lab in the base-
ment or a chemist with an observatory in the back yard."   He lives in New Jersey with his wife and has 4 sons, 5 
grandchildren, 4 great-grandchildren, and a dog (who works as his observatory assistant). 

http://www.sbig.com/pdffiles/measuring.magnitudes.pdf
http://tech.groups.yahoo.com/group/binary-stars-uncensored
http://www.projectpluto.com
http://www.adass.org/adass/proceedings/adass99/O6-02
http://www-int.stsci.edu/instruments/wfpc2/Wfpc2_faqwfpc2_dith_faq.html
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