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ABSTRACT 
 

In this research note, we discuss the significance of calculating the 

transformation coefficients in astronomical photometry for the BVRI pass-band 

filters available at the different observatories. It is also discussed here that the 

transformation coefficients are very much useful in transforming the magnitude of      

any star computed through aperture photometry using the CCD camera and UBVRI 

pass-band filters available at the particular observatory to the standard Johnson-

Cousins UBVRI pass-band filters. In this way, the CCD photometric observation of 

the star carried out at one observatory could be compared with that at the other 

observatories. Since the M92 globular cluster includes the standard stars for which      

the magnitudes and colour corresponding to the Johnson B and V pass-band filters 

are already estimated, we present the method of calculating the transformation 

coefficients using its CCD image observed in the B and V filters through the KPNO 

observatory. Finally, we also test the validity of estimated transformation 

coefficients by shifting the calculated instrumental magnitudes in B and V filters 

and (B-V) colour to the standard Johnson B and V pass-band filters.   
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1.  INTRODUCTION 
  

CCD observations from many observers from different observatories, at varying 
times are combined into a composite light curve. For any observer it is difficult to obtain 
such a light curve. Hence it is imperious that each observer’s work correlates with that of the 
other observer and is as accurate as possible. Since each CCD, filter and telescope 
combination has a different colour response, it is necessary to transform the observed data to 
a standard system that would represent the observed data if the match to the standard system 
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were perfect1. In order to do this, it is required to know the transformation coefficients 
corresponding to the CCD, filters and telescope combination available at observatory, which 
generally tells how the instrumental stellar magnitude differs from its value at the standard 
photometric system as a function of star colour. It means that the observed data can be 
transformed to the standard photometric system by employing the calculated transformation 
coefficients. 

A photometric standard system is defined by the central wavelengths and width of its 
passbands and its set of standard stars. Photometric systems can be divided into three 
categories according to the width of their passbands - broad, intermediate, and narrow band 
system (Bessell 2006). The ‘Johnson-Cousins’ UBVRI system is the most widely used 
broad-band photometric standard system shown in Fig-1 (DaCosta 1990)2-3. 

 

 
Fig-1: The bandpass of the Bessell filters from DaCosta (1990) 

 
In section 2 transformation equations are discussed, whereas the required 

observation and data reduction are discussed in section 3. In section 4, we present deduction 
of transformation coefficient using M92 as a standard plate and the concluding remarks is 
given in section 5. 
 
2. TRANSFORMATION EQUATIONS 
 

The specific set of equations to be used depends on which of several possible filter 
combinations are used. Whenever at least two filters are employed such as B & V, V & R or 
R & I, transformation equation corrections can be applied. The most common set in use is the 
three colour combination BVR. Transformation equations for the B and V filters are: 

 

B= B0 + b1T + b2T (B-V) + b3TXB                   (1) 
 

V= V0 + v1T + v2T (B-V) + v3TXV                 (2) 
 

where B and V are the apparent magnitudes in the ‘Johnson’ B and V standard photometric 
system, whereas B0 and V0 are the instrumental  magnitudes in B and V filters. v1T, v2T, v3T & 
b1T, b2T, b3T are all transformation coefficients related to B and V filters. In the above 
equation, (B-V) is the true colour index of the star, and XB and XV are the air-masses.  
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3.  REQUIRED OBSERVATION AND DATA REDUCTION 

 
In order to calculate transformation coefficients, one needs to carry out the CCD 

observations of the standard star plates such as Landolt (1973, 1983, 1992)4-7 and  M92 
globular cluster (Christian et al., 1985; Heasley and Christian 1986; L Davis 1987, private 
communication)8 using B, V, R and I pass-band filters available at the particular astronomical 
observatories. These standard star plates include the standard stars marked by the numbers 
for which the B, V, R, and I magnitudes and the (B-V), (V-R), (V-I) and (R-I) colours are 
known in the standard photometric system. In order to get the clean CCD images, it would be 
worth to carry out the preprocessing such as trimming, over scan correction, bias and dark 
subtractions, and flat field division on the CCD images of these standard star plates using the 
standard tasks within the image reduction and analysis facility (IRAF). The stellar 
instrumental magnitudes in the B, V, R and I pass-band filters are derived by running the 
aperture photometry task ‘phot’ within the IRAF on the above said marked stars in the CCD 
images. By utilizing the above mentioned transformation equations, calculated instrumental 
stellar magnitudes and available  stellar magnitudes in the standard  ‘Johnson-Cousins’ B, V, 
R, and I filters, the transformation coefficients can be calculated by the ‘photcal’ task within 
the IRAF. 

 
4. DEDUCTION OF TRANSFORMATION COEFFICIENT USING STANDARD  
    STARS IN M92 
 

In order to demonstrate the significance of the transformation coefficient, we have 
considered the standard stars marked by numbers in M92, which is shown in Fig. 2. The 
magnitudes and colours of these standard stars in the ‘Johnson’ B and V standard 
photometric system are given in Table 1. Moreover, we have used the CCD images of M92 
provided by the IRAF, which were observed in the B and V pass-band filters of KPNO 
observatory. The instrumental magnitudes and corresponding colours of these standard stars 
in the B and V pass-band filters are calculated by adopting the procedure mentioned in the 
above section, which is given in Table 2. On the other hand, the calculated values of 
transformation coefficients are mentioned in Table 3. In order to test the validity of estimated 
transformation coefficients, we have shifted the calculated instrumental magnitudes in B and 
V pass-band filters and (B-V) colours mentioned in Table 2 to the ‘Johnson’ B and V 
standard photometric system by supplying the values of transformation coefficients in 
Equations (1) and (2). Our estimated values of transformation coefficients are found to be 
satisfactory and supported by the linearity in the plot between followings: (i) B magnitude in 
standard ‘Johnson’ system and instrumental B magnitude shifted to ‘Johnson’ system (see 
left panel of Fig. 3) (ii) V magnitude in standard ‘Johnson’ system and instrumental V 
magnitude shifted to ‘Johnson’ system (see right panel of Fig. 3) (iii) (B-V) colour in 
standard ‘Johnson’ system and instrumental (B-V) colour shifted to ‘Johnson’ system (see 
Fig. 4). 
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Fig-2: Standard stars marked by numbers in M92 globular cluster in Hercules9 

 
 

TABLE-1: The magnitudes and colours of the marked stars in M92 for the ‘Johnson’ standard 
photometric system 
 
 
 
 
 
 
 
 
 
 
 

 
TABLE-2: The instrumental magnitudes of the marked stars in M92 

 
Stars No B magnitude V magnitude (B-V) colour 
M92-6 16.226 16.318 -0.092 
M92-9 18.138 16.947 1.191 
M92-5 16.576 16.069 0.507 
M92-8 16.449 15.929 0.520 
M92-7 16.335 16.450 -0.115 

M92-23 17.416 16.785 0.631 
M92-13 15.689 15.109 0.580 
M92-20 18.953 18.105 0.848 
M92-18 18.459 17.908 0.551 

 
 

TABLE-3: The calculated values of the transformation coefficients 
 

v1T v2T v3T b1T b2T b2T 
2.05440 -0.03 0.18(constant) 2.10 -0.06 -0.06(constant) 

Stars No. B magnitude         V magnitude (B-V) colour 
M92-6 16.219 16.331 -0.112 
M92-9 18.132 16.986 1.146 
M92-5 17.036 16.052 0.534 
M92-8 16.506 15.932 0.574 
M92-7 16.325 16.437 -0.112 

M92-23 17.427 16.791 0.636 
M92-13 15.667 15.078 0.589 
M92-20 18.925 18.047 0.878 
M92-18 18.454 17.966 0.488 
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Fig. 3:  Left panel shows the plot between B magnitude shifted to Johnson system and B magnitude in 
Johnson system, whereas right panel represents that in V filter 
 
 

 
 

Fig 4: Plot between instrumental (B-V) shifted to Johnson system and (B-V) colour in Johnson system 

 
5. CONCLUDING REMARKS 
 

Our research note reflects the importance of estimating the transformation 
coefficients for the telescope, CCD and pass-band filters available at the particular 
observatory. It also suggests that any photometric data observed at any observatory should be 
shifted to the ‘Johnson-Cousins’ UBVRI standard photometric system so that it could be 
compared with the same observation carried out at some other observatories.  
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