
 
 

 
 
 
This exercise is based on material prepared originally by Fabrice Mottez (France) in 2003, with the 
contribution of Weronika Sliwa (Poland) in 2005 and  Rachel Comte (France) in 2009.  It has been 
more recently improved by Stefano Bertone (Italy/France), Gilles Chagnon (France) and Anne-
Laure Melchior (France). It is based on data taken in the Las Campanas Observatory in Chile by the 
OGLE (Polish/American) collaboration. They have been taken during an intense campaign 
monitoring on a daily basis the Small Magellanic Cloud (SMC), a nearby dwarf galaxy orbiting 
around the Milky Way. These data had been kindly provided for the EU-HOU project by Bohdan 
Paczynski. 
 
How to start: 

1. There are 20 images displaying the same stars, but at different days and hours of the night. 
These dates can be known by reading the title of each image file. The file names are provided 
below. For example, SMC-Cep-43522-1999-10-24-03-23-25.fits was taken of 24th October 
1999 at 03hours 23minutes and 25 seconds.  

SMC-Cep-43522-1999-10-24-03-23-25.fits SMC-Cep-43522-1999-11-23-02-55-34.fits 
SMC-Cep-43522-1999-10-26-01-41-23.fits SMC-Cep-43522-1999-11-26-01-22-41.fits 
SMC-Cep-43522-1999-10-30-02-07-12.fits SMC-Cep-43522-1999-11-27-00-48-33.fits 
SMC-Cep-43522-1999-11-02-03-17-50.fits SMC-Cep-43522-1999-11-30-03-15-26.fits 
SMC-Cep-43522-1999-11-05-03-11-00.fits SMC-Cep-43522-1999-12-03-02-39-09.fits 
SMC-Cep-43522-1999-11-08-04-07-00.fits SMC-Cep-43522-1999-12-05-02-44-18.fits 
SMC-Cep-43522-1999-11-10-01-42-37.fits SMC-Cep-43522-1999-12-08-02-25-59.fits 
SMC-Cep-43522-1999-11-13-00-40-34.fits SMC-Cep-43522-1999-12-12-01-10-52.fits 
SMC-Cep-43522-1999-11-17-01-22-04.fits SMC-Cep-43522-1999-12-14-02-08-45.fits 
SMC-Cep-43522-1999-11-20-01-19-30.fits SMC-Cep-43522-1999-12-19-03-23-16.fits 

There is also a file named smc_sc5.fits, which presents the CCD field, from where the 
previous snapshots have been extracted. 

 
2. Now copy the Excel file Answerfile_cepheid_empty.xls. Open it so that it is ready to be 

filled in and used. The first and second columns « Day and hour when the photograph was 
taken » and « Interval time (days) » has been filled for you. Note that you can neglect the 
minutes but not the hours. 
 

3. Open SalsaJ. 
 

4. In the SalsaJ toolbar, click on File/Open. Open1 the file images_cepheids/smc_sc5.fits. The 
cepheid, we will study here, is located at the pixel x=439, y=3435. Find it! 
Small snapshots centred in this area have been extracted for this exercise and will be used 
below. 
 

Measure the Photometry with SalsaJ: 
The idea is to use the correlation between the intrinsic luminosity of the Cepheids and their period 
to determine a distance to a galaxy. This can be done with a time sequence of images, and an 
essential and difficult part is the calibration of these images. The calibration of one frame has been 
                                     
1 If there is an « out of memory » message, close SalsaJ and open  SalsaJ for Webcam, which 
allocates by default 256Mbytes. 
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done, which enabled us to provide the calibrated flux of 3 reference stars in this field and a relative 
calibration as described below will then be sufficient to extract a distance. 
 

5. Open the first photograph images_cepheids/Cep-43522-1999-10-24-03-23-25.fits with 
File/Open. 
 

6. Click on the button in the toolbar « Brightness & Contrast »:  
 

7. A new window appears. Click on « Auto »: the stars will seem much more visible (the 
contrast has been changed). Next, if necessary, move the cursors « Luminosity », 
« maximum » and « minimum » (« luminosity » is most of the time enough) in order to 
further tune the adjustment of the display thresholds. Close the window « Brightness & 
Contrast ».  
 

8. From now on, you can proceed so for all 20 images. In order to ease the procedure, you can 
also launch the macro “Plugins/Macros/Distance Measurements with Cepheids”, which does 
this for you. 
 

9. Locate attentively the 4 stars, which are important for our exercise: Cepheid 43255 and 3 
stars that we will call “reference stars”. To locate them in the images displayed in SalsaJ, 
use the image below. 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

10.  You are about to start photometric measurements.  Click on the “Photometry” icon. 
Locate the Cepheid indicated on the figure above. You have to click at its centre on the first 
image. The star is now encircled and the value of its intensity appears in the Photometry 
window. Click on the Cepheid on the 19 other images (corresponding to different epochs), 
in the same order as you have entered the dates in the Excel answerfile. 
 

11. You can then copy the list provided in the Photometry window (see below) and paste it in a 
blank Excel file. 

 
 
 
 
 
 
 

 

Star number 43521 
Average flux Fr1 = 1.18 10-14 W.m-2 

Star number 43541 
Average flux Fr2 = 6.1 10-15 W.m-2 

Star number 43520 
Average flux Fr3 = 1.31 10-14 W.m-2 

Cepheid 43522 



 
12. Last, you can copy the photometric values in the “Flux of the Cepheid (Fc)” column of the 

Excel answerfile. 
 

13. You can proceed similarly to fill the column entitled “Flux of the reference star (Fr)”. For 
this, you can choose one of the 3 reference stars indicated on the above figure, and then 
always measure the same reference star on the 20 images.  

 
14. The excel sheet determines automatically the Fc/Fs ratio in the 5th column. It also plots the 

variations of Fc/Fs as a function of time (see image below). 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
The variations as a function of time, displayed in the above figure, look irregular, while the 
signal is known to be periodic. Can you think of some possible explanation? 
 

Interpretation:  
We need to extract useful information from the observables in order to measure the distance to 
the Small Magellanic Cloud: (1) the average luminosity of the Cepheid, whose determination 
requires an absolute calibration; (2) the period of the luminosity variation, which is best estimated 
with an adjustment of a sinusoid on the light curve. 

 
15.  At the bottom of the column “Fc/Fs”, you can see in bold the average value of this ratio 

(when you have filled the 20 lines). Using this ratio and the average flux of the reference 
star you have chosen (provided in calibrated units W/m2 in the first figure of this document), 
you can determine the average flux of the Cepheid. In order to do this, you have to fill the 
data in the green cells of your Excel answerfile. 
 

16.  Relying on the curve displayed in the excelE, you can make a first estimate of the period of 
the luminosity variations of the Cepheid.  

 
17. In order to improve this first guess, you can fit data with a generic sinusoid of equation :      

f(t) = A sin(omega*t + Phi) + B, where   
• A is the amplitude of the sinusoid i.e. half the « height » of the curve. 
• omega is the pulsation of the sinusoid, that is to say 2π  / T, where T  is the period of the 
sinusoid (in days as you are working with this unit). 
• B is the average value of the sinusoid, i.e. the average value of all the values of the flux 
ratio Fc/Fs. 
• Phi is the phase of the sinusoid. Its value is between –π (-3.14) and +π  (+3.14). If the first 



points of the curve are under the value of B, the phase is negative, if they are above, the 
phase is positive.  
Determine, with a simple observation of the curve, the approximate values of A, T (and thus 
omega), and phi. B was determined automatically at the bottom of the column Fc/Fs.  
 

18. Write down these approximate values (A, omega, phi and B) in the blue cells made for that in 
your answerfile. As soon as all the values are typed, the blue column « Approximation » is 
automatically filled in next to your experimental values of Lc/Ls. This blue column is 
actually the theoretical values computed with the formula f(t) = A sin(omega*t + Phi) + B.  
 
The value of the cell “solver” is actually the quadratic sum of the differences between the 
measured values (photometry on images) and the respective theoretical values (results of the 
f(t) sinusoid with the imposed parameters): a null value would mean that the sinusoid 
matches exactly the experimental data. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

19. You will get the plot of the sinusoidal model superposed to your data. The points on the 
image below display data in blue and the model in red. The sinus curve in superimposed in 
red.  For a better (and automated) evaluation of the sinusoid parameter, follow the procedure 
described in the Appendix.  
 

  
 
 
   
 
 
 
 
 
 
 
 
 
 
 

20. From the value of omega (= 2*π/T), possibly improved by the solver, determine the period 
T of the sinusoid. It corresponds to the Pulsation Period of the Cepheid. Fill in the value you 

Theoretical 
values 

Experimental 
values 

Approximate values of 
A, omega, B and Phi just 
by observing the curve 



have found out in the blue cell made for that in your answerfile.  
   

21. The graphic below gives the ratio between the Cepheid luminosity and the Sun luminosity, 
i.e. the energy it radiates every unit of time (measured in W), as a function of the Cepheid 
period. Using it and the pulsation period (T in days) you measured, determine the value of 
the ratio Lc/Ls, where Ls is the luminosity of the Sun. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

22. Using the figure above displaying the luminosity period relation first found by Henrietta 
Leavitt (in 1912) and your previous measurement of the period, determine the Cepheid 
(averaged) Luminosity “Lc” in W, knowing that the Sun luminosity Ls is 3.85*1026 W 
(already filled in in your answerfile). 
 

23. From a distance r (in metres), a surface unit perpendicular to the direction of the Cepheid 
receives a flux of energy Fc so that Fc=Lc / (4 π r2). Thus, if we know the luminosity of the 
Cepheid and its received flux Fc, we can compute its distance r.  From the values of Fc and 
Lc determined above, all written in your answerfile, determine the distance r between the 
Cepheid and the Sun. The answerfile will help you to compute it in metres, in light years2 
and in parcsecs3. As the Cepheid is located in the Small Magellanic Cloud, you have just 
found out the distance of this dwarf galaxy. 

 
24. The Small Magellanic Cloud is situated at about 61±4 kpc from our Sun. Does the distance 

you found seem correct? What are the sources of uncertainty of your result? Which of them 
is most significant? 

                                     
2 1 light year = 9.461 1015 m 
 
3 1 parsec = 3.086 1016 m 



 
Appendix 
The following description is intended to adjust the parameters to determine the mean luminosity of 
the Cepheids and its period with a fit. Alternative methods to measure these parameters can be 
considered. 
 
As Excel, contrary to other software like e.g. Regressi4, does not have a function to determine the 
parameters of a sinusoid (A, B, omega and Phi), we will use the Excel Solver function. It enables to 
refine our values of A, omega, Phi and B, so that our theoretical values are as close as possible to 
our experimental ones.  

The average value of the differences between the experimental results and the theoretical 
ones for each image is written in the cell « value of the solver » in your answerfile. One 
understands easily that the higher this value is, the farther the experimental results are from the 
theoretical ones. On the contrary, the closer it is to zero, the nearer the theoretical results are from 
the experience. 

You can use Excel to improve the values you found for A, omega, Phi and B in order to 
reach a value of the solver as close to zero as possible.  

Click on the cell, which contains the value of the solver (E34 in your answerfile). This cell is 
your Target Cell. Now click on Tools, then on Solver.  
The following window is now on your screen.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Check that the cell E34 is written in « Set Target Cell ». If you look back on step 19, you will 
remember that this value must be as close to zero as possible. Thus choose “Equal To: Value of: 
0”. 
  
Do not close the window “Solver Parameters” yet. You are now about to tell Excel the values it 
should modify in order to find the value 0 in your target cell. Above “By Changing Cells”, click on      
then enter in your answerfile the approximate value of omega you found in step 16. 
Click again on        , then click on Solve. Your target cell is closer to zero now, and your value of 
omega has been slightly modified. 
 
Repeat again 3 times steps 18, 19 and 20 for the other Changing Cells A, phi, then B. You should 
now have an excellent theoretical approximation (look at the value of your solver and the values in 
the blue column “approximation” if you are not convinced!) 
                                     
4 Regressi is a free French software http://www.ac-nice.fr/audiberti/guppy/articles.php?lng=fr&pg=250 


