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ABSTRACT 

 

Aperture Photometry is performed on photometric standards observed on several 

nights during the period 2020-2022, with the Himlayan Chandra Telescope 

(HCT). The HCT is a 2m class telescope, located at the Indian Astronomical 

Observatory (IAO), Mt. Saraswati, Digpa-ratsa Ri, Hanle at an altitude of 4500m 

(15000 ft) above sea level. The HCT faint object Spectroscopic camera 

(HFOSC), and the Bessel U, B, V, R and I broad band filters were used for this 

observation. Image processing was carried out using the Ds9 and IRAF 

astronomical soft wares. After bias subtraction and flat fielding of the raw data, 

the standard stars were identified from each night’s observations using the IRAF 

utility daofind, an automatic star finding program. The magnitudes of the 

identified standard stars are obtained by performing aperture photometry with the 

IRAF utility phot. Aperture corrections were done using the curve of growth 

method, with the IRAF utility mkapfile, in the PHOTCAL package. These 

photometric results can be later used to obtain and study the local extinction at 

Hanle in these broad band filters. 
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                                                     CHAPTER 1 

                         INTRODUCTION 

 

Photometry is the measurement of intensity of electromagnetic radiation from a 

celestial body far away from us in a given wavelength band. Its measurement 

gives the brightness, size and other physical properties of the celestial body. 

Photometric observations are made using telescopes mounted with charge 

coupled device (CCD) detectors and broad band filters. The filters used in this 

project are U, B, V, R and I. these cover the Ultraviolet, Blue, Visible, Red and 

Infrared ranges of wavelength [1]. The central wavelengths for these filters is[2]:  

U - 365.6nm 

                                                      B – 435.3nm 

V – 547.7nm 

R – 634.9nm 

I – 879.7nm 

  

                               

                                    Figure 1: UBVRI Filters used in Photometry 

                   (image source: http://slittlefair.staff.shef.ac.uk/teaching/phy241/lectures/L07/index.html) 
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                                       Figure 2: Filter Profiles of UBVRI filter set                                                                                                  

                 (image source : http://slittlefair.staff.shef.ac.uk/teaching/phy241/lectures/L07/index.html) 

 

Detector: A CCD is an integrated circuit. It is light sensitive and works on the 

principle of photoelectric effect. The CCD receives a certain number of photons 

which are converted into electrons and builds up an image of the sky. For correct 

photometry, the CCD is operated in the linear region of its response i.e the 

number of electrons emitted is linearly proportional to the number of incident 

photons. The images produced may be affected by random error which should be 

removed before doing photometry. For this we use the Image Reduction and 

Analysis Facility (IRAF), and the image manipulation toll Ds9. IRAF is a 

software used to reduce and analyze astronomical data [3] whereas Ds9 is an 

application used for the visualization, and visual manipulation of astronomical 

images [4]. 
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1.1 CCD REDUCTIONS 

 

The images taken by a CCD can contain several errors. To minimize these we 

have two calibration images: Bias Frames and Flat fields. Bias frames have zero 

exposure time and the camera shutter is closed. We combine these bias frames 

and do the bias subtraction in order to reduce the readnoise in CCD. Readnoise is 

the amount of noise present when charge produced by electrons are converted to 

voltage for analogue to digital conversion [5]. A CCD shows pixel to pixel 

variations towards the photons received. This is because each pixel have different 

quantum efficiency. The quantum efficiency of a CCD is defined as the fraction 

of photons received by a CCD which are successfully converted into electron-

hole pairs. Hence to correct for this variation, we can take images of an evenly 

illuminated sky called Flat frames and do Flat fielding [6]. 

THIS IS THE PROCEDURE: To make images free of errors we need to perform 

Bias Subtraction and Flat Fielding. For Bias Subtraction, we have to create a list 

file of all the bias frames and then combine them using the task zerocombine 

from the package ccdred. Hence we obtain Master Biases. Now we subtract the 

master bias from the list of non-bias frames using the arithmetic operation 

imarith. After completing Bias Subtraction, we have to do Flat Fielding for each 

filter used. Create a list of all flat frames and combine all flats using the task 

flatcombine. Then normalize the flats by dividing it with the mean value 

obtained from imstat. Now divide the object frame for each filter with the 

normalized flat in the same filter to be done with flat fielding.   

Once the Bias Subtraction and Flat fielding are done we can proceed to Aperture 

Photometry which is the measurement of light falling inside a circular aperture.  

 



4 
 

 

 

For this we use the Daofind and Phot utilities in IRAF. The program daofind is 

used for the automatic detection of stars and this will produce a .coo file 

containing the coordinates of the identified stars. These stars are marked using the 

task tvmark. By running phot, we obtain a .mag file which contains the 

magnitude of the stars identified. Now create an mkapfile which contains all the 

.mag files and run it in the photcal package to obtain the Aperture corrections. 

The magnitudes are then used to study the extinction of the standard stars.  

The general methodology followed in this project is discussed below. The data 

reduction logs for each night are included in the appendix to this project report. 

 

1.2 SETTING UP IRAF 

 

All CCD reductions and photometric analysis were carried out in the software 

IRAF. It was developed by the National Optical Astronomy Observatory. It is the 

most commonly used software for data reduction in astronomy. 

Having installed IRAF in the system, it is invoked by opening a terminal 

(Ctrl+Alt+T) and then running mkiraf at the prompt. This sets up the file 

login.cl, which identifies and marks all parameters and paths required to run 

IRAF. Subsequently, typing cl at the command prompt in an xgtrem operand to 

the working directory will launch IRAF. 
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                                                    Figure 3: IRAF window 

 

To open Ds9 along with IRAF, create a loginuser.cl file in the same directory 

containing login.cl file. We have to set the command to open Ds9 in the first line 

of loginuser.cl file, specify the size in which every image should be displayed by 

typing set stdimage = imt2048 in the second line. This will automatically set the 

size of images to 2048x2048 pixels. Type ‘keep’ in the last line. An image is 

displayed in the Ds9 window using the command given below in IRAF. 

vocl> display imagename.fits 
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                               Figure 4: Example of an image displayed in Ds9 window 

 

1.3 BIAS SUBTRACTION 

In IRAF, move to the directory containing all the bias frames and create a list file 

called Bias_img.list of all these bias frames. Run epar zerocombine on this file 

from the package ccdred to combine all the files in Bias_img.list together. We 

can change the package to ccdred from vocl as follows:  

vocl>  noao 

artdata.               digiphot.               nobsolete.              onedspec. 

astcat.                 focas.                    nproto.                   rv. 

         astrometry.         imred.                   observatory.           surfphot. 
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astutil.                mtlocal.                 obsutil.                  twodspec. 

noao> imred 

argus.            crutil.             echelle.           iids.           kpnocoude.        specred.  

bias.              ctioslit.           generic.          irred.         kpnoslit              vtel. 

ccdred.          dtoi.               hydra.             iris.            quadred.    

imred> ccdred 

badpiximage               ccdmask                 flatcombine                   mkskyflat 

ccdgruops                   ccdproc                   mkfringecor                  setinstrument 

ccdhedit                      ccdtest                    mkillumcor                   zerocombine 

ccdinstrument             combine                 mkillumflat                   ccdlist 

darkcombine              mkskycor 

 

                 Figure 5: Parameters of Zerocombine set for the night 2022-03-07 

 



8 
 

 

 

The Gain and Rdnoise values should be specified for running zerocombine. Gain 

is defined as the number of electrons per count [7] and readnoise is the amount of 

noise present when charge produced by electrons are converted to voltage for 

analogue to digital conversion. Here Gain = 4.87 and rdnoise = 1.22. 

The master bias so created i.e. Bias_img.fits is then subtracted from all non-bias 

frames using the arithmetic operation imarith. To run imarith, the names of all the 

non-bias frames (including flat field etc.) are written in a single file Object.list, 

and a matching list file Object_b.list is created, which mentions the names of all 

the output files. Imarith is set up as show in figure 6, and run to complete bias 

subtraction. 

       

 

                  Figure 6: Parameters for Imarith for the night 2022-03-07   

 

Operand 1 is the file containing all the non-bias frames, operand 2 is the file 

containing the master biases and operator corresponds to the arithmetic operation 

being performed. 
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1.4 FLAT FIELDING 

In IRAF, move to the directory containing all the flat frames. Flat Fielding is 

done for each filters, hence the following steps should be done for each of the U, 

B, V, R and I filters. Create a list of flats, Flat_I.list (this is for I filter), to be 

combined. Run epar Faltcombine from the package ccdred on them. 

vocl> .noao .imred .ccdred 

imred> ccdred 

badpiximage               ccdmask                 flatcombine                  mkskyflat 

ccdgroups                   ccdproc                   mkfringecor                 setinstrument 

ccdhedit                      ccdtest                    mkillumcor                   zerocombine 

ccdinstrument             combine                 mkillumflat                   ccdlist 

darkcombine               mkskycor 

 

 

                  Figure 7: Parameters for Flatcombine for the night 2022-03-07 
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The output file flatcombine is Flat_I.files. This is called a Master flat. Doing 

imstat on Flat_I.files gives the statistical properties of the image, including the 

mean value of the pixels, and their standard deviation. The master flat is divide by 

this mean to normalize it. This is performed using the arithmetic operation 

imarith. Finally, divide the object frame in each filter by the corresponding 

normalized flat to complete Flat fielding.       

 

                              

                                                  Figure 8: Bias Subtracted Image 

                         

                                                      Figure 9: Flat Fielded Image 
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                             CHAPTER 2 

                              METHODOLOGY 

 

2.1 APERTURE PHOTOMETRY 

2.1.1 Standard Star Identification 

In IRAF, move to the directory containing the bias subtracted, flat fielded images. 

For each U, B, V, R, I filters, compare the field with that of the standard star field 

given by Landolt Equitorial Standards. The stars are identified and marked within 

a circle and labelled exactly as in the standard field. This is then saved in the Ds9 

field region.  

              

                     Figure 10: An example of a Standard Star Field. Here the Standard star is PG0942-029 
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Figure 11: The field of PG0942-029 identified on comparison with its Standard field for the night 

2022-03-07 

 

2.1.2 Automatic Detection of Stars using Daofind 

We begin by examining the header parameters of images in each filter. For this 

we use the command: 

                        imhead imagename.fits l+ | page 

 This will display the header of the image as: 
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                                            Figure 12: Header Parameters 

 

Note that we have to update the keywords airmass, gain and readnoise if they are 

not given in the header parameters. During an observation of stars, the amount of 

air present along the line of sight of observation is defined as Airmass[8]. 

To update these header parameters, we have to set the correct date of observation 

in iao_precess.data file and then create an All_files.list file containing all bias 

corrected, flat fielded frames. 

 

            Figure 13: Setting correct date of observation, airmass, gain and read noise 

 

Then we use the following commands: 
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               hedit images=@All_files.list fields=GAIN value=1.22add+ 

           hedit images=@All_files.list fields=RDNOISE value=4.87 add+ 

     ashedit images=@All_files.list commands=iao_precess.dat update=yes 

                            hselect@files.list $I,ra,dec,airmass yes 

After the header parameters are updated, display an image of nay filter in Ds9 

window and do an imexamine on it. 

imexamine imagename.fits 

We can see the cursor blinking on the Ds9 window. This allows us to point the 

cursor on each of the identified stars and hitting different keys gives the required 

parameter values. 

Hitting an ‘r’ by placing the cursor on the stars gives its radial plot. 

                 

         Figure 14: Radial plot of the I filter image from 2022-03-07 of the star PG0942- 029 

 

Hit ‘a’ by placing the cursor on each of the identified stars gives and Full Width 

Half Maximum (FWHM) value of each stars. Then calculate the average FWHM.  
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Hitting ‘m’ on random places in the background locals to stars in Ds9 window 

gives the mean, median and standard deviation. Then calculate the average 

standard deviation and take the average of the median values to obtain the 

average sky value. 

Now, we can perform automatic star detection by Daofind. But before this we 

have to edit certain parameter files. For this change package to ‘daophot’ as 

follows: 

vocl > .noao > .digiphot 

apphot.             daophot.                photcal.                ptools. 

 

digiphot > daophot 

addstar             daotest                 nstar                 pexamine              psf 

allstar               datapars@           pcalc                 pfmerge                psort 

centerpars@     findpars@           pconcat             phot                      pstselect 

daoedit             fitskypars@         pconvert           photpars@            seepsf 

daofind             group                   pdump              prenumbe             setimpars 

daopars@         grpselect              peak                  pselect                  substar 

 

We have to edit the parameter files datapars, daopars, centerpars, fitskypars and 

findpars. 
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Figure 15: Parameters for Datapars for the I filter image of PG0942-029 from the night 2022-03-07 

 

 

Figure 16: Parameters for Daopars for the I filter image of PG0942-029 from the night                       

2022-03-07 

 

The radius of psf model (psfrad) is given by 2xFWHM and the fitting radius 

(fitrad) is given by FWHM/2. 
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Figure 17: Parameters for Centerpars for the I filter image of the star PG0942- 029 from the night 

2022-03-07 

The centering box width is the size of the box used by iraf to find the center of the 

stars. 

 

 

Figure 18: Parameters for Fitskypars for the I filter image of the star PG0942- 029 from the night 

2022-03-07 
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Figure 19: Parameters for Findpars for the I filter image of the star PG0942-029 from the night 

2022-03-07 

The threshold value is calculated by dividing the lowest of the peak values of 

stars obtained from imexamining the image by pressing ‘a’ by 17 the average 

sigma deviation. 

Once these parameters are set, we can run daofind on the displayed image. This 

will result in an output .coo file containing the coordinates of the identified stars. 

This file contains unnecessary stars identified by daofind which can be removed. 

        

 

Figure 20: Parameters for Daofind for the I filter image of the star PG0942-029 from the night 

2022-03-07 
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To select only the stars identified from the standard field we use the task ‘pselect’ 

and then we can mark these stars using the task ‘tvmark’. 

 

 

Figure 21: Parameters for pselect for the I filter image of the star PG0942-029 from the night 

2022-03-07 

 

The Boolean expression represents the width of Box which encloses area 

containing the stars to be identified using tvmark[9] . 

 

Figure 22: Parameters for tvmark for the I filter image of the star PG0942-029 from the night 

2022-03-07 
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Now, this is repeated for each of the remaining U, B, V, R filter also and the 

resultant is subject to Simple Aperture Photometry. 

 

2.2 SIMPLE APERTURE PHOTOMETRY USING 

PHOT 

To do simple aperture photometry and obtain the magnitudes of stars identified 

by daofind using phot, we have to edit the parameter files datapars, centerpars, 

fitskypars, findpars and photpars first from the package ‘apphot’. Then run epar 

phot to get a .mag file. This .mag file contains the magnitude of the identified 

stars. 

vocl > .noao > .digiphot 

apphot.                         daophot.                              photcal.                                      ptools.  

 

digiphot > apphot  

aptest                    findpars@                  pconvert                   polymark                  psort          

center                    fitpsf                           pdump                       polypars                   qphot                    

centerpars@        fitsky                           pexamine                  polyphot                   radprof    

daofind                 fitskypars@                phot                           prenumber               wphot   

datapars@           pcalc                            photpars@                pselect 
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Figure 23: Parameters for photpars for the I filter image of the star PG0942-029 from the night 

2022-03-07 

 

 

Figure 24: Parameters for Phot for the I filter image of the star PG0942-029 from the night 2022-

03-07 

 

2.3 APERTURE CORRECTION  

Once we have obtained the magnitude of stars, calculate the Aperture correction. 

Aperture correction becomes necessary since the lowest aperture we used for 

photometry extends to a higher order when displayed in the Ds9 frame. As given 

in photpars the lowest radius of the aperture we used was 3pixels which extended 

to 8 pixels when displayed (fig 14). This will leave some of the star light at the  



23 
 

 

 

tail of the point spread function (PSF). In order to have precise photometry we 

should collect all the light from the stars since this will be used in computing the 

magnitude of a single star observed for more than one night. We observe the 

same star for several nights only because seeing changes from night to night. 

Thus we measure the magnitude over a radius from about 3pixels to a maximum 

radius value ranging just inside the background annulus. We do not choose a 

gigantic aperture because this may lead to bad pixels. Hence plotting the 

magnitude against this aperture radius gives the variation of magnitude as 

aperture radius increases. 

For this, we have to create an mkapfile.list containing all the .mag files. Run epar 

mkapfile to obtain a plot of Aperture correction against aperture radius. The 

mkapfile gives the aperture correction between the smallest aperture and the 

largest aperture using a computed curve of growth and theoretical curve of 

growth (see figure 26). A good fit is obtained when the residuals are minimum 

(figure 27). Then the difference between the asymptotic magnitude and the 

magnitude at r=3 gives the aperture correction at radius 3 pixels. Hence the 

output files mkapfile.out and mkapfile.bests of this gives the aperture correction 

and best corrected magnitude values for the images in each filter of that night. 
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                                  Figure 25: Parameters for epar mkapfile 

 

The mkapfile gives the aperture correction between the smallest and largest 

apertures using a computed curve of growth and a theoretical curve of growth. 

From the resultant cog model fit of epar mkapfile, an $'r'$ key gives the plot of 

residuals v/s radius, 'b' gives plot of residuals v/s magnitude and 'a' gives the plot 

of aperture correction v/s radius. We can delete points using ‘d’ and undo it using 

'u' and refit the curve using ‘f’ [10]. 
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                Figure 26: The resultant curve of growth obtained from epar mkapfile 

                     

                        Figure 27: The plot of Residuals against Aperture radius 

 

Here, we can delete the unnecessary points which deviates more from the other 

points called Residuals using the 'd' key and do a new fit of the curve by pressing 

the ‘f’ key. 
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                            Figure 29: Plot of Aperture correction against Aperture radius 

         

                   

                                  Figure 28: The plot of Residuals against Magnitude 
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Now use the 'w' key to window the plot and :vshow to show the error and results 

of fit. 

The mkapfile.out contains the aperture correction from 1 to 12 in magnitudes. 

The mkapfile.bests contains aperture corrected to magnitude 12 and this gives the 

corresponding aperture corrected magnitude, magnitude error, exposure time, 

airmass, Xcenter and Ycenter with respect to the radius to which correction was 

made. The mkapfile.bests shows at what aperture size we get the minimum 

magnitude error. However this is not neccessary for fainter stars (r=3pixels). This 

can happen when (a) a star is faint which leads to the inclusion of background as 

the aperture size increases, (b) asymmetric smearing of star light due to poor 

seeing and (c) when there are occasional cosmic rays in the wings of the PSF, and 

leading to spurious brightening within the aperture. Thus mkapfile makes an 

aperture correction for each aperture radius, checks for error and give a true 

"magnitude" with the minimum error. 

 

 

                       Figure 30: Result obtained in mkapfile.out 
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                               Figure 31: Result obtained in mkapfile.bests 

 

It is observed from this result that the error in observed magnitude increases from 

smaller to larger radius i.e. the brightness of star increases. 

Once we get the results from epar mkapfile, another file called mkconfig.mag is 

created, which lists all the aperture corrected magnitudes of all the stars from 

each night's observation reduced so far. In this mkconfig.mag the filter names are 

replaced by numbers, 00 corresponds to U filter, 10 for B filter, 20 for V filter, 30 

for R filter and 40 for I filter. 
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                                             Figure 32: The resulting mkconfig.mag file 

 

Using mkconfig.mag create a list fstandobs.dat, which contains all the aperture 

corrected magnitudes of all stars in the format of the mknobsfile as shown in 

Massey & Davis 1992, " A user's guide to CCD photometry". 

To edit mkconfig.mag into the standobs.dat, we created a separate list for stars in 

each fields. This appears in order of star, airmass, x and y coordinates, magnitude 

and magnitude error of the first star in the field, for each filter followed by the 

second star in the field, third and so on. This is done for each of the fields. The 

star names are replaced by a '*' from the second line of each of them in the 

respective field as show in fig: 33. The list for each field is then combined into 

the single file standobs.dat. 
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                                     Figure 33: The resulting standobs.dat file 

 

Now, create a format file called 'fstandobs.dat' which contains all the aperture 

corrected magnitude of all the stars and declare the observations file variables in 

this file as: 

 



49 
 

 

 

 

 

2.4 EFFECT OF EXTINCTION ON MAGNITUDE 

To study the effect of extinction i.e. airmass on magnitude, we take the aperture 

corrected magnitude of a few stars which have been observed several times over 

this period. We take the apparent magnitude at r=3 for each filter and plot it is as 

function of airmass. 
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We do this using the graphic utility "GNUPLOT". Gnuplot is a data fitting 

program. Here we open gnuplot from the terminal by typing just "gnuplot" after 

its installation [11]. Now we have to create a file containing the data to be plotted 

in the format "plot_file.gnu". In this file how should the graph be represented - 

lines, dots, grids etc. We display the data using the command  “load 

"plot_file.gnu" ".  

From the different set of data we are given, the stars PG0918+029, PG0942-029 

and RU_149 are seen repeatedly for more than one night. Hence we use the 

apparent magnitudes and airmass of these stars for each filters used to study the 

extinction effect. The corresponding plots are given below: 

 

 

                    Figure 34: Extinction of PG0918+029 in the U filter from 2021-2022 
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                      Figure 35: Extinction of PG0918+029 in the B filter from 2021-2022 

 

                       Figure 36: Extinction of PG0918+029 in the V filter from 2021-2022 
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                         Figure 37: Extinction of PG0942-029 in the U filter from 2021-2022 

    

               Figure 38: Extinction of PG0942-029 in the B filter from 2021-2022 
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                        Figure 37: Extinction of PG0942-029 in the V filter from 2021-2022 

      

                         Figure 39: Extinction of PG0942-029 in the R filter from 2021-2022 
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                        Figure 40: Extinction of PG0942-029 in the I filter from 2021-2022  

             

                        Figure 40: Extinction of RU_149 in the B filter from 2020-2021 
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                       Figure 41: Extinction of RU_149 in the U filter from 2020-2021 

 

                       Figure 41: Extinction of RU_149 in the R filter from 2020-2021 
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From figure 34 to figure 41, the extinction curve of apparent magnitude ate r=3 

pixels against airmass shows that magnitude decreases linearly with airmass. For 

the star PG0918+029, it is shown that the increase of airmass in the atmosphere 

from the year 2021 to 2022 resulted in a corresponding decrease in its apparent 

magnitude. Similarly for PG0942-029, the magnitude decreased with an increase 

in airmass from the same period 2021-2022. Also, for observation made during 

another period 2020-2021 shows a decrease in the apparent magnitude with the 

rise in airmass for the star RU_149. Hence, we may conclude as time precedes the 

magnitude of the stars becomes smaller with the increased concentration of air in 

the atmosphere making the star dimmer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



57 
 

 

                

                              CHAPTER 3 

                               CONCLUSION 

     

Aperture Photometry is the study of light coming from a stellar body through a 

small circular aperture. The sky is observed for several nights during its uniform 

illumination and an image is captured which shows the field containing the 

standard stars. The raw images undergo bias subtraction and flat fielding to 

reduce the randomly occurring errors. The software IRAF and Ds9 are used to aid 

the project. 

In this Project I have performed aperture photometry on standard stars for 

multiple nights from 2020-2022. I identified the standard stars in the given field 

for each night by comparison with the standard star catalog available online. The 

aperture radius, correction in the aperture size and the apparent change in 

magnitude is calculated. I used the resulting values to study the effect of 

extinction on magnitude. For this a plot of airmass against magnitude of each 

stars repeating for more than one or two nights were made. I observed from the 

plot that as airmass increases in the atmosphere, the magnitude of stars gets 

smaller making them dimmer. 

Aperture Photometry can also be done using Aperture Photometry tool (APT), 

AstrolImage and MIRI Imaging. The results can be used for future calculations of 

extinction coefficient of stars. 
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