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Presenter
Presentation Notes
First introduce the Journal of Double Star Observations for those that may be unfamiliar with it.  Then I’ll talk about the tools many of the authors of papers in the JDSO have used to make their observations, and then discuss some of the techniques used, especially more advanced techniques, used by many of the authors in the JDSO.  In this last section, I’ll illustrate these with papers by JDSO authors and give some attention to work done by authors who could not be here.




Introduction to the  
Journal of Double Star Observations 

• E-Journal at www.jdso.org 
• Purpose: to give amateur astronomers a 

medium to publish their observations of 
double stars 

• Published quarterly (1/1, 4/1, 7/1, 10/1) 
• First issue appeared on April 1, 2005 

– now in volume 9 
– 258 total articles 

 

Presenter
Presentation Notes
The Journal of Double Star Astronomy is published quarterly on the web and you can download all or parts of it at www.jdso.org.   A few years ago I was approached by some students to do a double star observing project.  They made several measurements of a double star in Cassieopia and used their measurements plus the historic measurements of the star to determine the proper motion of the secondayr and show that it could not be physically bound.  They wrote it up and- gave talks as conferences.  I was going to submit their paper to the Double Star Observer, published by Ron Tanguay, when it quite being published.   This left us with a neat paper and no where to publish it.  I didn’t think that we were unique, there had to be a lot of amateur astronomers measuring double stars and wanting to publish their results.  So, I talked to Rod Mollise, prominent amateur in Mobile, AL and Brian Mason at the USNO and began to publish the JDSO to fulfill that need.

Its been published continuously since 2005, a total of 258 articles up to this past issue.  Because it is on the www, the JDSO has become an international journal with authors from all over the world.


http://www.jdso.org/


Types of Papers in the JDSO 

• measurement of known 
doubles; 64% 

• measurement of new 
doubles; 20% 

• observation techniques; 12% 
• properties of doubles; 7% 
• comparison of techniques; 

5% 
• history of double stars; 2% 
• other; 2% 
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JDSO Papers 
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The vast majority of papers in the Journal of Double Star Observations are measurement of double star papers, which is to be expected.  Many papers only quickly describe the equipment that was used and then go straight to a table of measurements.  Some authors give a brief description of some of the stars they measured that was interesting or problematical in some way.  Some authors, using a new or improved method for observing double stars will spend quite some time describing that technique so that others might make use of the same.   Occasionally an astronomer will get into the history of double stars or some of the past astronomers and will have a historically oriented paper.  I like those.  


I try to be open about what gets into the journal.  One more purpose is to promote double star astronomy and encourage new people to enter the field and I can’t do that by being too strict about paper acceptance.

Almost all authors are amateurs, but a few professional astronomers have published in the JDSO, especially astronomers working with students.  And so there are many student authors in the journal.



Tools of the Trade 

Meade Astrometric Eyepiece  Reticle Pattern 

Presenter
Presentation Notes
So, let me briefly describe some of the tools that are commonly used by authors of papers in the JDSO to measure double stars.  I’m concentrating here on the papers measuring PA and separation, not those that measure spectral type or other properties of the stars.

The cheapest and simplest is using an astrometric reticle eyepiece with an etched pattern to enable PA and sep. measurements. This eyepiece from Meade costs $80.  Put it on a reasonably good telescope and you’re in the double star business.  Because it is inexpensive and easy to use it is very popular with student astronomers.



Micrometer 

Presenter
Presentation Notes
Here’s an oldie but goodie.  100 years ago the bifilar micrometer was high-tech and was used by professionals on the largest telescopes in the world.  Now, they are no longer made and so they are rarely used.  This particular micrometer was made by Van Slyke Instruments and he ceased making these a number of years ago.  They are relatively expensive, you can get an adequate CCD camera for much less.   But, you can make accurate measurements, easy to use, short learning curve.  And there’s something to be said for a technique where you have to put an eyeball on the eyepiece.  This is the instrument we used at South Alabama in making our measurements of ENG 7.  I know of only one other JDSO author that uses one.  However, I think Russ Genet is in the market for one to use with his students.



CCD Camera 
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The CCD camera is the instrument of choice.  As all things electronic, their price has dropped through the years, so that very good ones are now quite affordable.  But, you’ll need a pretty good computer and some software to analyze the images.  Computers aren’t expensive anymore and the software can be free.    And there is a learning curve.

Still, with a CCD camera, so much can be done.  Magnitude measurements, add on filters and do spectral typing,  get a fast one and do lucky imaging or even speckle interferometry.  Look for exoplanets. Add on a clock to time-stamp the images and you can do some occultation work.

And, of course, you don’t have to get a top-of-line model.  Get a T adapter and stick that DSLR you bought for vacation on your telescope and you can make some really nice double star measurements.  It doesn’t have to be modified. We’re talking stars, not low-contrast diffuse nebulae.  And even a web cam is good enough.



Techniques 

• Stellar Coronograph 
• WebCam 
• DSLR 
• CCD camera 
• Speckle Interferometry 
• Lucky Imaging 
• Occultation 
• Data Mining 

Presenter
Presentation Notes
So, let me begin to talk about different ways that astronomers have used to measure double stars.  All of these techniques that I’ll talk about involve a CCD camera of some type.



Stellar Coronograph 

• James Daley, “A Method 
of Measuring High Delta 
M Doubles”, 3, 159-164, 
2007. 

Presenter
Presentation Notes
Double stars whose components differ a great deal in magnitude can be difficult to measure, especially for something like speckle interferometry.  James Daley came up with a baling wire and sticky tape (literally) solution.  He taped an aluminum strip to one side of a plano-convex field lens he inserted in the optical path of his ‘scope.  This strip then serves to occult the bright primary and enabling the viewing of the dimmer companions.  With this he successfully imaged the C and D companions to Polaris.  I know of noone who has duplicated this technique, which is a difficult one to accomplish.  Mr. Daley had to do quite a bit of ray tracing to account for the field lens and to make sure the occulting strip was in the focal plane. 



. 
• Vega and its companions 

Presenter
Presentation Notes
This is the image of Vega by Daley showing its dim companions which would be very difficult to see in the glare of Vega.  The C  and E companions are listed as 11th magnitude in the WDS.  The C is at 293 deg and sep. 52 a.s.  E is at 39 deg and the sep is 
92 a.s.   The WDS has the D component measured only once in 1891 and that relative to the C companion.  Daley’s paper was to show that these dim stars could be imaged with the occulting bar and did not report any measurements.  He did report measurements of Vega in a later paper.
The diagonal strip is the Al occultor.  It actually lets some of the light of Vega through and that is the dot labeled A in the middle of the strip



Webcam 

• Wolfgang Vollman, “Binary Stars, Orbital 
Motion, and a Webcam”, 7, 109-113, 2011. 

• Used a Phillips ToUCam, 130 mm AstroPhysics 
‘scope, 3X Barlow 

• .325 a.s. / pixel, 3.5 x 2.6 arcmin. fov 
• Captures several videos, 500 frames each, 

about 50 seconds.  Each star takes 15 to 30 
minutes 

Presenter
Presentation Notes
Webcams are great because they are cheap, and can get a whole lot of images in a short length of time.  Then, using software like Registax, pick out the best images and stack them to get a good final image to measure.  Florent Losse’s program, REDUC, seems to be a favorite for measuring double stars from CCD images.

Wolfgang Vollman used cheap webcam on a really fine ‘scope.  With a Barlow he could get the resolution he needed to make good measurements, but had a limited fov, so it would take some skill and patience to find what you’re looking for.   Also takes some time, that’s 15 to 30 minutes at the ‘scope.  He reports that it takes about another hour at the computer to do the analysis.



• 70 Oph. 
– PA = 131 ± 1 deg 
– sep = 5.82 ± .06 a.s. 

Presenter
Presentation Notes
Vollman reports good precision from the many images.  Here are his result for 70 Ophiouchii.  The uncertainties are the standard deviation .

The plot is of Vollman’s measurements of this star overlaid on an orbital plot from 6th catalog of orbits of Visual Binary Stars.




Digital Single Lens Reflex Camera 

• Erno Berko, “Double 
Star Measures Using a 
DSLR Camera”, 4, 144-
155, 2008. 

• Canon EOS 350D on 14” 
Newtonian at f12 

• 0.3089 a.s./pixel 
• sep. std. dev. = 0.06” 
• PA std. dev. = 0.2 deg. 

Presenter
Presentation Notes
Erno Berko is a measuring machine.  He has submitted some articles with literally hundreds of measurements, all with his DSLR.  He takes several dozen images of each area of the sky he is interested in, averages them, and uses REDUC to get sep and PA.  This is one of his images of a pair of pretty doubles.  SEI 320 has PA 152 and Sep 23”.  SEI 316 has PA 331 and sep 16.    Do a quadrant flip on SEI 316 and you will see that the two doubles are indeed parallel.

Recently 



• Michel Michaud, “Double Star Measurements in the 
Pleiades using a DSLR Camera”, 8, 249-259, 2012. 

Presenter
Presentation Notes
Recently, Michel Michaud, reported measurements he made with a Canon 20D on a Meade 14” SCT.  This is one of his images.  These stars have a separation of 5.6 a.s.



CCD Camera 
• Edgardo Masa Martin, “CCD Double-Star 

Measurements at Observatorio Astronomica 
Camino de Palomares”, 5, 18-42, 2009. 

Presenter
Presentation Notes
Meade has the DSI Pro CCD camera, a fairly inexpensive device that one might not think would be appropriate for doubles stars.  After all, DSI stands for Deep Sky Imager, and that would mean nebulae and galaxies and such, right?  Well of course not.  Edgardo Masa Martin uses one for double stars and gets excellent results.  Here we see a picture of his observatory and ‘scope in Spain.  He puts the DSI Pro on this 8” Newtonian along with a 3X Barlow and gets 0.44 a.s. per pixel. 



CCD Camera 

• Lucian Curelaru, et al., 
“Neglected Double Star 
Measurements at the 
Astronomical 
Observatory of the 
Natural Science 
Museum Galati”, 8, 201-
210, 2012. 

Presenter
Presentation Notes
Of course, one could always use a fancy purpose-built CCD camera.  This paper was by a group of Romanian astronomers.  One was a professional and got the group access to their scope mentioned in the title.  It is a 16” Ritchey-Chretien and they had an SBIG STL-6303e CCD on it to make the images.  This CCD has as 3072 by 2048 pixel chip on it.  SBIG doesn’t make it anymore, but still a nice setup.



Lucky Imaging 
• Rainer Anton, “Double & Multiple Star 

Measurements at the Northern Sky with a 10” 
Newtonian and a Fast CCD Camera in 2010”, 7, 78-
85, 2011. 

Presenter
Presentation Notes
Rainer Anton is a retired physics professor from Germany.  Notably, he goes to Namibia to measure southern hemisphere double stars.  He has long made use of the lucky imaging technique where he takes literally thousands of images with a very short exposure from a few milliseconds to ½ second.  He then selects the best 50 to 100 to stack and analyze.  The idea is to pick the images that were taken at the short time when the atmosphere was calm and disturbed appearance of the stars the least.  The results can be remarkable.  Note that these stars have a separation of one arc second or less.



• Anton, “On the Accuracy of Double Star 
Measurements from Lucky Images”, 5, 65-71, 2009. 

 

Figure 5: Line scan of the pixel values along the line crossing the peak 
centroids of both components (black line and data points), taken from the 
image in fig. 4, bottom right (50 cm telescope). The profile dotted in red is 
from a superposition of 500 unselected frames (exposure time 0.67 
milliseconds), and represents an exposure of 1/3 second.  

Presenter
Presentation Notes
In another paper Anton looked at beta Phoenicis, a close binary star.  Using lucky imaging, he was able to resolve the stars and determine the separation to be about 0.4 a.s.  Six of the lucky images is on the right. On the left, in the black dots, is the brightness profile of the pair from one of the lucky images.  The red profile is what he would have seen without lucky imaging and a 1/3 second exposure.



Occultations 
• Tony George, et al., “HIP 46249 Duplicity 

Discovery from Asteroidal Occultation by (160) 
Una”, 7, 175-179, 2011. 

 

Presenter
Presentation Notes
I’m not going to talk about this much, because Dave Dunham will cover this on Sunday.  Briefly, there have been several papers measuring known and previously unknown double stars during a lunar or asteroidal occultation.  I show here a light curve from one of the papers.  The feature to note is the two step change in brightness being caused by one star and the second occulted by the asteroid and on the opposite side the two steps again as one star and then the other is uncovered.

The x-axis is the frame number from the digital imagery, the y axis is the brightness.  The first drop in brightness occurs about frame 165, there is a plateau until about frame 165 to frame 185 where the light falls basically to zero, with a little bit of noise.  The process is reversed at the end of the occultation.



• PA = 50 ± 12 deg. 
• SEP = .0065 ± .0011 a.s. 
• Mag = 9.2, 10.6 

Presenter
Presentation Notes
The beauty of this is that you can detect double stars with such small separations.   This double had a separation of 6.5 m.a.s. The image is of the asteroid profile gleaned from the timings of the several observers who recorded the event.  In the center of the profile is a representation of the double star with appropriate PA and se. 

The disadvantage of this method is it’s a one shot measurement.



Speckle Interferometry 

• Roberto Caloi, 
“Estimation of Double 
Star Parameters by 
Speckle Observations 
Using a Webcam”, 4, 
111-118, 2008. 

Phillips ToUCam Pro on a 9.25” Celestron SCT 
at f25 

Presenter
Presentation Notes
We’ve just heard a paper on speckle interferomtery and there’ll be more in this conference, so I’ll not dwell on it here.  It is based on the interference of the light from a star due to different air pockets differently refracting the light as it passes through.  The astronomer makes a video of the image and it can be seen to be jumping around due to the atmospheric effects.  By doing a couple of Fourier transforms on the image, one gets what is called the auto-correlation function, which is an image with much of the atmospheric effects subtracted out.  The resulting resolution is remarkable.  This image is the auto-correlation function of STF 2483AB produced by Caloi.  Each pixel is 0.216 arc seconds.

Suffice it to say that this is a technique that I think will be used more and more by amateurs because of the advances in CCD cameras and computers that make using the technique financially possible for an individual.  This paper by Caloi is the only paper in the JDSO using the technique, but I am hopefully expecting more in the future.



Data Mining 

• Rafael Caballero, “Finding New Common Proper 
Motion Binaries by Data Mining”, 5, 156-167, 2009. 

CPM pair in 1954 (green) and in  1990 (red) 

Presenter
Presentation Notes
I have mixed feelings about this technique.  It is too easy to write a program to search the latest catalog and find stars that seem to be moving together through space and claim them for your own.  Sniping has become a term used for those ebay bidders who put in a bid at the last second of an auction to beat out all the other active bidders that worked the auction for the previous days.  To me, data mining is a kind of double star sniping.  That’s OK if the astronomy is done correctly and if you give credit to those who worked so hard generating the catalog.   What would Kepler have done without Tycho?

Rafael Caballero does it right. This paper underwent a really rigorous review by professional astronomers before it was published.  I had been burned by previous data mining papers that didn’t undergo such a good review and they ended up having many problems.



• Start with entries in NOMAD 
• Applied Halbwachs criteria  (600) 
• Checked against the latest WDS (485) 
• Both stars must be listed in Tycho 2, USNOB1, 

or UCAC 2  (273) 
• Eyeball the 273 using POSSI or POSSII  (111) 
• Measure the remaining – used 2MASS 

Presenter
Presentation Notes
Caballero went thru a rigorous process to insure that only true CPM pairs were found.  Only northern hemisphere stars with mag < 17 and measured proper motions were used.  Halbwachs criteria are statistical tests relating separation, proper motion, and pm uncertainties to determine if a pair is physically associated.  Step 2 is obvious.  In step 3, he found that many of the remaining pairs from NOMAD had only one star listed in other catalogs, so he required that both stars be listed on one of these three.  Finally, he looked at the POSS images of each of the remaining 273.  If it wasn’t apparent that they were pairs on those plates, he threw them out.  The PA and seps he reported were calculated from the astrometry in the 2MASS catalog.




Whither Double Star Astronomy? 

Presenter
Presentation Notes
Rafael Caballero did some really good double star astronomy here, but he never looked through the telescope.   I find this a bit concerning when it comes to amateur astronomers and double stars.   There may come a time in the not so distant future when we are not needed.  With advances in robotic telescopes, optics, computer software and hardware, it may be possible to image all the binary stars frequently enough that there will no longer be a list of “neglected double stars” on the USNO web site and the host of amateur observers is no longer needed.  That will be a shame.




Thank you to all of the  
contributors, readers, and supporters of the  

Journal of Double Star Astronomy 

Presenter
Presentation Notes
But that day is not here yet and we can still have a lot of fun looking at double and binary stars.  

So, I say thank you to all the astronomers who have contributed the JDSO with their observations, reports, reviews, and general support.  And thank you all for listening.
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