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Introduction

“Of the (approximately) four hundred thousand million stars in our Galaxy, more than half are not single stars like our Sun, but occur in binary or multiple systems. Binary star systems come in many flavours: red stars orbiting blue stars, huge stars orbiting tiny stars, black holes orbiting blue giants, red stars orbiting neutron stars, and so on.” 

We’ll talk about two extremes: The wide visual double and the cataclysmic variable.

A.  Double stars 

1.  Overview of the Washington Double Star WDS catalog

 Web Site has many other useful links besides WDS catalog.

             http://ad.usno.navy.mil/wds/
09585+2159CHE 143 1893 2006  6 138 137  22.8  22.9 10.3  11.4... 095826.45+215917.5

     a.  The catalog of record for double stars is the WDS and it is kept by the USNO (Brian Mason). 

     b.  In many ways the WDS is as much of a historical document as a catalog.  

     c.  May be updated daily.

2.  Astrometric Catalogs

     a.  Magnitudes listed in the astrometric catalog (with the possible exception of CMC 14 red magnitudes) are notoriously bad.  

     b. USNO-A2.0 contains entries for over a half billion stars.  Obsolete because it doesn’t contain proper motions.

     c. USNO-B1.0  contains over 1,000,000,000 entries and has positions, magnitudes and proper motions for each object down to 21 mag.

     d.  UCAC2 and UCAC3.  The first high density, full sky catalog based on CCD observations rather than photographic images.  UCAC3 includes positions, proper motions and magnitudes for 0ver 100 million objects from 10th mag to 16th mag. (There will be a UCAC4).

     e.  Nomad  A merged catalog of approximately 1.1 billion objects from Tycho, Hipparcos, USNO-B1.0 and UCAC.  

     f.  CMC 14.  96 million stars between +50 and –30 degrees dec with a gap –15 degrees dec between RA 5:30 and 10:30.  Does not include proper motions but since it used recent CCD observations (1999-2005) it’s positions are still decent.  Includes fairly accurate red magnitudes.

     g.  PPMXL Catalog.  New catalog of 900 million stars.  Combines USNO-B1.0 and 2MASS astrometry and converts B1.0 proper motions and astrometry to ICRS system.  Preprint available at: 

http://arxiv.org/PS_cache/arxiv/pdf/1003/1003.5852v1.pdf
3.  Visually measuring double star separation (Rho)  and position angle (Theta)

There are a number of devices that will measure Rho and Theta visually like a filar micrometer.  One that is widely used is the Astrometric EP.

Observing and Measuring Visual Double Stars, Bob Argyle, Chapt 12.

 Astrometric EP (and a stopwatch)  Requires a particular illuminated reticule EP

     Celestron 12.5mm orthoscopic Micro Guide

     Meade 12mm MA Astrometric Eyepiece

Dave Arnold is quite a prolific observer who uses a Celestron Micro Guide EP.  You can find more than 20 papers, which serve as examples of his work in the JDSO archives.

4.  Measuring Double Stars with a Web Cam 

     a.  Web Cams and near web cams. REDUC (Florent Losse)

REDUC is available from Florent on request from florent_losse@yahoo.fr
 b.  A good critique from the Commission of the Double Stars of the Astronomical Society of France on the use of Web Cams as micrometers to measure double stars.

             htttp://www.astrosurf.com/hfosaf/uk/doeva1.htm

5.  Measuring Double Stars with the CCD Camera

      a.  Celestron C11, 0.62 fc/fr, O.87 arcsec/pixel

      b.  Typical take 30 images (10 to 30 seconds).  Stack as needed.

      c.  Calibrate with dark frame for sure.  Flat if available.

      d.  Preselection becomes important.  Comma can be a killer.

      e.  Analysis can take much longer than observations.  It is all about establishing    

              a good process or pipe line.

           MaxIm>Astrometricia>Home Brew Script

                        MaxIm processes images.

           Astrometricia solves images and solves for RA/Dec.

           Script solves for Rho, Theta, and Standard Deviations

      f.  Record keeping is part of the pipeline.  It needs some careful thought.  

6.  Measuring delta magnitude between the two double stars 

     a.  The WDS doesn’t place much emphasis on magnitudes.  They do have  The

          Third Photometric Magnitude Difference Catalog.    

     b.  The Third Photometric Magnitude Difference Catalog 

09585+2159 CHE 143     -1.22   2 JLJ2008    F  540+/-115 0.02                                            

09585+2159 CHE 143     -1.34   1 TMA2003  F 1255+/-145 0.03    

09585+2159 CHE 143     -1.39   1 TMA2003  F 1650+/-140 0.03    

09585+2159 CHE 143     -1.40   1 TMA2003  F 2155+/-155 0.03   
     c.  I measured V delta mags in 2007 of selected doubles and submitted data    

          in  Jones, JDSO, 4, 20-23, 2008. 

     d.  Typically take 50 images and stack.  Want enough images to have 5 images to

          measure.  Images are calibrated with flats and darks. Goal is 0.01 mag error.

     e.  Measurements made exactly like Tim described except no comp star is needed 

          because it is a differential measurement. However the components of doubles  

          may be of quite different colors and color transformation becomes an issue. 

          With a single filter (V) no color info for most doubles to transform magnitudes.

7.  Creating a paper to submit observations for inclusion in WDS

    The USNO wants published in a peer reviewed paper before they are published in the WDS.  The amateur observer has several options.

                  a. JDSO  
             http://www.jdso.org/  

             http://tech.groups.yahoo.com/group/binary-stars-uncensored/

             On-line Pro-Am publication from the University of South Alabama.

Very easy to work with.  Peer reviewed. Included in Astronomical Abstract services.

                 b.  Web Society 
    


             http://www.webbdeepsky.com/notes/doublest01.html
                 c.   LIADA 

             http://ar.groups.yahoo.com/group/estrellas-dobles-liada/
             In Spanish.  Excellent group of technically sound double star  

             observers.  They select 20 to 30 “Neglected” double stars to study  each quarter.

             Members also do independent research and submit individual papers. 

B.  Cataclysmic variables 

             “Things that explode from time to time”

             https://sites.google.com/site/aavsocvsection/
             http://imagine.gsfc.nasa.gov/docs/science/know_l2/cataclysmic_variables.html
     1. Overview of cataclysmic variables 

     Cataclysmic variable stars are binary systems containing a low-mass main

     sequence  secondary star and a white dwarf primary star.

               a.The average CV  system is contained in a volume the size of our sun.

               b. Orbital period of 1 to 10 hours.

     2.  Center for Backyard Astrophysics (CBA) 

         http://cbastro.org/
         http://home.mindspring.com/~mikesimonsen/cvnet/id30.html
     Joe Patterson (an astronomy professor at Columbia) has put together a world wide 

     network of amateur astronomers (CBA) to gather data on  CV’s.

       3. Cataclysmic variables photometric measurements 

a.  CBA isn’t as “user friendly” as AAVSO.

     1.  Not much coaching or mentoring.  Pretty much expect observer to be up to speed and producing good photometry. 

     2.  Observer picks own comp stars.  Sometimes AAVSO comp stars will work.

     3.  Nomenclature will sometimes be a bit odd.

b.  CBA observations.     

1.  CBA targets tend to be on the dim side.  CBA is interested in very long (hours)

     time series.

     2.  Cadence 2 minutes or less.  

     3.  Almost always unfiltered.

     4. Reporting measurements to the CBA 

         http://cbastro.org/data/submission/

       Simplicity in itself. 

       “What you want (actually what we want, but we're hoping we can convince you to want it

       too) from data reduction is a time series of differential (Var-Comp) photometry and Julian 

       Date.”

       Sometimes a third column is added which may be C1-C2 or airmass.  It is always a good 

       idea to use a “check” star and to look at the difference between the check star and the 

       comp star to make sure the comp isn’t variable over the period of the observation.

       I use Notepad to make a vanilla ascii file, attach it to an email and send it to 

       cba-data@cba.phys.columbia.edu

       It looks like this (except that time should have been to 5 decimals).

     No Filter

       Comp: 000-BCL-360 = 12.326V

       Celestron C11, SBIG ST 8

       James Jones

       Donald, OR

       92.6920    -1.399

       92.6923    -1.407

       92.6927    -1.396 
WDS Data Request    http://ad.usno.navy.mil/wds/data_request.html

WDS Star No. 09585+2159

=======================

 RA & DEC  Disc.   Comp   No.  Magnitudes   Spec.    PM/1000 yr  DM No.

  (2000)   Number         Obs.   A     B    Type      RA   DEC

09585+2159 CHE 143           6 10.3  11.4                               

Precise Position of Primary of System or Subsystem (when available)

       RA = 09 58 26.45       Dec = +21 59 17.5

Note? = no    Orbit? = no    Linear Fit? = no    DM? = yes   Other? = no 

          Date Observed     Position Angle     Separation

First         1893               138              22.8

Last          2006               137              22.9

Observations

============

Date       P.A.     Sep. Mag-a Mag-b  #    RefCode  Aperture  Method  Codes

1893.21   138.3   22.770   .     .    1    WFC1998     13        G          

1895.27   137.8   23.291   .     .    1    WFC1998     13        G          

1907.25   136.22  22.88  10.27 11.4   1    Che1909     13        G          

1998.07   137.2   22.89    .     .    1    TMA2003     51        E       K  

2006.109  137.3   22.89    .     .    2    JLJ2008     11        F       Q  

2006.173  137.2   22.9     .     .    3    Spn2006     09        F       Q  

Delta-M Catalog Measures

========================

Name          DM    Meth  N   Notes (e.g. filter, error)                     Refcode

CHE 143      -1.22  F     2    540+/-115 0.02                                JLJ2008 

CHE 143      -1.34  F     1   1255+/-145 0.03     t = 1998.07  jmag = 11.64  TMA2003 

CHE 143      -1.39  F     1   1650+/-140 0.03     t = 1998.07  hmag = 11.32  TMA2003 

CHE 143      -1.40  F     1   2155+/-155 0.03     t = 1998.07  kmag = 11.22  TMA2003 

WDS References

refcode    tech  Author(s)/Reference

====================================

Che1909     G    Chevalier, P.S.                                  Shanghai Obs. Zo-Se  5, 86, 

                                                                  1909                             

JLJ2008     F    Jones, J.L.                                      JDSO 4, 20, 2008                                             

Spn2006     F    Spangle, M.                                      Webb Soc., Double Star Circ.

                                                                  14, 2006                        

TMA2003     E2m  2MASS Catalog                                    2MASS Point Src Cat., 2003   

                                                                  all-sky release   

                                                              (http://pegasus.phast.umass.edu/)                         

WFC1998     G    Urban, S.E., Corbin, T.E., Wycoff, G.L.,         AJ 115, 1212, 1998 

                 Martin, J.C., Jackson, E.S., Zacharias, M.I.,    (Astrographic Cat. 2000)                                                             

                 & Hall, D.M.                                                                
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