Print Your Name: ______________________________________ 
 
        

CCD Camera Project
CCD Photometry of an Eclipsing Binary Star
Background


On the nights of December 21 and 22, the variable star named FZ Orion was observed using the 18” telescope at the SFA Observatory.  About 6 hours of data were collected on this star each of these nights.  FZ Orion is a known short-period eclipsing binary star.   In this exercise you will measure the apparent magnitude of this star using commercial image processing software for each of the images acquired.  You will then create a light curve - a plot of the apparent magnitude versus time. 

Procedure

1. Look for a video tutorial on the course home page for CCD Photometry.
2. Locate the CCD images under the homework link of the course home page.  They are stored compressed zip file.   Unzip these images to directory on the desktop of the computers that you will be using. 

3. Start the image processing software called MaxIM DL.  Use the “View” menu option to gather information about these images and record your observations below.  Examine the first and last image of FZ Orion as well as the dark frames and flat field images.  







     
12-21-2003     

12-22-2003 



Time for First Image (UT): 

__________ 


__________  



Time for Last Image (UT): 

__________ 


__________  



Exposure Time (seconds):

__________


__________  



Chip Temperature (Celsius):
__________


__________  







     12-21-2003 Dark Frame    12-21-2003 Flat Field



Time (UT): 



__________ 


__________  



Exposure Time (seconds):

__________


__________  



Chip Temperature (Celsius):
__________


__________  


How many hours was FZ Orion observed on December 21?  On December 22?








     ________________
_______________
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SBIG ST8 CDD Field of View for the 18” Telescope

4. Calibrating a CCD image involves removing artifacts such as dark current and uneven illumination.  This is done by subtracting calibration images (dark frames, flat fields) from the raw CCD images.  Load all or some of the images from each night and perform the dark subtraction and flat field calibrations.  

(a) Menu:   Process…Set Calibration


(b) Menu:   Process…Calibrate All

5. You should now notice that all of your images look cleaner.  Use the figure above to locate FZ Orion.  Note that FZ Orion looks like one star but it is actually two stars.  The “Reference Star” is third star that we will use brightness comparison.  As the stars of FZ Orion orbit one another, they eclipse one another from our point of view.  You eye might not be able to notice that the brightness of this star changes from one CCD image to the next.  However, we will see that the brightness of FZ Orion is indeed changing.  Use the “Analyze…Photometry…” menu option to begin your analysis.  Tag FZ Orion as a “New Object” and tag the reference star indicated in the figure above as a “New Reference Star”.
6. View the plot of magnitude versus time.  Note that 2 or 3 images that will not give good magnitude measurements due to bad telescope tracking.  Save the data to a text file.  Load the data into Microsoft Excel.  Make plots of Julian Date versus Apparent Magnitude.   Note that the values of the apparent magnitude should be reversed using and Excel axis option since lower values of apparent magnitude correspond to higher brightness.  Remove any data points that appear to lie far from the smooth light curve.  Record the Julian Date values (11 digits) that correspond to the times of minimum brightness.  

12-21-2003: ______________________,   ______________________   
12-22-2003: ______________________,   ______________________     

7. The time for the primary minimum has been determined by astronomers to be given approximately by the following equation:  JD = 2444024.4629 + 0.39998443 E    where E in an integer for a primary eclipse.   Solve for E and add a column to your Excel File for the values of E.  

8. The stars of FZ Orion orbited one another a couple of times during the daylight hours between the observations on December 21st and December 22nd.  This means that there will be a big gap in the data if plot.  We can “fold” the data so that we are able to reconstruct one complete cycle of the light curve.  To do that we first calculate a new parameter that is called the phase: Phase = E - Int(E)    where “Int” is and Excel function that takes the integer part of E.

9. Add another column to your Excel file for phase.  Make a plot of apparent magnitude versus phase.  This is the only plot that you will turn in.  The requirements for this plot are:
(a) The plot should be printed (landscape) on a page by itself.

(b) The plot should fill the entire page.

(c) Both axes must be label.
(d) The graph should have a title that includes the team name and the star name.
(e) The graph must a “X-Y Scatter Plot”.  

(f) There should be no stray data points.  If there is a lot of noise shown on your graph then your team should go back and analyze the data again.

10.  Create a new tab for your web page labeled “FZ Orion”.  Add a screen shot of the plot made in part 9 to the “FZ Orion” tab of your website.

Questions
Q.1.  What is the orbital period of the stars of FZ Orion?

____________________________
     Give units for your answer.
Q.2.  What is meant by photometry?
Q.3.  Why does FZ Orion appear as one star on the CCD images?
Q.4.  View the following computer simulation of FZ Orion that shows what this eclipsing binary star would look like if you were able to get very close to this system:                http://www.physics.sfasu.edu/astro/binstar/fzorion.html
This simulation was create by software that was developed at SFA.  The application is called 

“StarLight Pro”.   http://www.midnightkite.com/binstar.html
Download the application and modify the default parameters to match the animation above.  Choose temperatures that give colors that best match the animation.  

Fill in the blanks below.  Give units for your answers.

Star 1 Temperature: ___________

Star 2 Temperature:  ______________

Star 1 Pole Radius: ___________

Star 2 Pole Radius:  ______________

Inclination: ___________

 

Mass Ratio:  ______________

Q.5.  Reminder:  Add a screen shot of the plot made in part 9 to the “FZ Orion” tab of your website.
Reference Star





FZ Orion








