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Abstract - Accurate photometric calibration is
essential for reliable astronomical observations,
particularly in determining stellar magnitudes and
colors. In this paper, we use observations of
standard stars from Landolt's catalogue to
determine atmospheric extinction and
transformation coefficients. Using a CCD-equipped
telescope and common UBVRI filters, observations
were made under photometric circumstances.
Whereas  transformation  coefficients  were
determined by linear  regression  between
instrumental and standard magnitudes and colour
indices, primary extinction coefficients were
calculated from the airmass-dependent fluctuations
in instrumental magnitudes. Our results show stable
extinction behavior consistent with the atmospheric
conditions of the observing site, and well-
constrained transformation coefficients that allow
precise calibration of instrumental data to the
standard photometric system. These coefficients are
crucial for reducing observational data and ensuring
consistency in long-term photometric monitoring
programs.
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1.INTRODUCTION (Size 11, Times New roman)

1.1 Atmospheric Extinction

The intensity of star light is decreased by the
Earth's atmosphere. This is due to the scattering and
absorption of air molecules and aerosols in the en-
vironment. The reduction in intensity is determined
by the height of the star over the horizon (eleva-
tion), the wavelength of observation, and the pre-
vailing atmospheric conditions at the location of
observation. The star appears weak toward the hori-
zon when compared to the zenith. To determine the

magnitude of the star above the earth's atmosphere,
we must correct the ground-based measured magni-
tudes and colors for atmospheric extinction. (Hen-
den & Kaitchuck 1990).

Extinction correction on observed magnitude
(my) is done using the formula-

Mo = M; —k;.sec(z)

Where k; is principal extinction coefficient, sec(z)
represents the airmass and z being zenith angle
(i.e. 90" - elevation). This equation can be written
as-

M, = Mo + Ki.sec(z)

This is an equation of a straight line with slope of
kA. Hence to obtain the value of extinction
coefficient we need to make a plot between mA
and sec(z).

Extinction is measured in unit of magnitude per
airmass. The amount of air directly over- head is
called one airmass.

If elevation of star is greater than 30° then we can
ignore the curvature of the earth’s atmosphere and
plane parallel slab approximation gives-

sec(z) = (sing.sind + cosg.cosd.cosH)™*

Where

¢ = observer latitude

o = declination of star

H = hour angle in degree
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1.2 Transformation to a standard
system

A system of magnitude and colors, such as the
UV B system, is defined by a set of standard star
measured by a particular detector and filter set.
In order for observers at different observatories
to be able to compare observations must be
transformed from the instrumental system to a
standard system. If M, is the standard magnitude
and myo is the observed extinction corrected
magnitude and c is the standard color index
(e.g. Mg — My) then they are related by the
equation (Henden & Kaitchuck 1990)-

M; = myo+ a,.C +,B,1

Where
a; = Color coefficient
p, = Zero point coefficient

Transformation relations for standard UBV RI system are
given below-

V =vo+o(B—V)+py

(B —V) = anv(b —V)o + fov
(V —R) = aw(V —)o+ fur
(R—1) = ai(r —i)o+
(Vv —1) = oi(v —i)o+ Su
(U —B) = auwn(u —b)o + Buw
(V-Vv)o=a\(V—R) + B,
(B—b)0=ob@B —V)+ b
R-—1No=oa(V —R) +
d—i)0=a'i(V—1D +Bi
(I —Jo=a(R—-1)+p
(U — 10 = ou(U — B) + Pu

Where capital/small letters denote magnitudes and colors
in standard/instrumental system. Above equations
represent equation of a straight line with slope and
intercept of o and P respectively. Hence to obtain the
values of these coefficients we need to fit straight lines in
the above transformation relations.

Observation, Data Reduction and Analysis

In this study, Extinction and Transformation
coefficients are estimated using the data obtained
from 2-meter Himalayan Chandra Telescope (HCT)
at Indian Astronomical Observatory (IAO), Hanle
on 2016-05-14. For this purpose standard star fields
SA110-504 and PG 1633+099 from Landolt (1992)
were observed using Himalaya Faint Object
Spectrograph Camera (HFOSC) attached to the
backend of HCT. The CCD chip used in HFOSC
has dimension of 2K x 4K pixles. The central 2K x
2K pixles region was used in the observation. Gain
and Read out noise of CCD chip are 1.22 electrons
ADU ! and 4.87 electrons per pixle respectively.
SA110-504 was monitored from airmass sec(z) =
1.198 to 1.919 to estimate the extinction coefficient.
For calibration of HCT-HFOSC system SA110-504
and PG1633+099 fields (observed at sec(z) = 1.3
and 1.1) were used. Finding chart for these fields are
shown in Fig. 1.

We have used IRAF package for Reduction and Analysis
of CCD Data. The process is given below-

[1] The multiple bias frames obtained are median
combined to get the master bias. This master bias
is subtracted from all other frames. (6)

[2] A master flat for each filter igygreated by
median combining and normalizing. #@il the bias-
subtracted frames are divided by master flat in the
same filter. 9

[3] Aperture photometry was perforr{ie) on eight
field stars (marked in Fig. 1) to calculate their
instrumental magnitude using phot task of
DAOPHOT package within IRAF.

[4] A plot between magnitude and airmass was made
and a straight line was fit for each star in all bands.
The slope gives the value of extinction coefficient.
[5] After this we estimated color coefficients (o) and
zero points (B) by fitting straight lines to the
transformation relations mentioned above (section 1.2).
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has been compared with the magnitudes listed in Landolt

(1992).
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Fig -1: Identification chart for SA110-504 (top). The stars Ei 1.2 14 18 L8
marked were used to estimate Extinction and & : S
Transformation coefficients. Identification chart for * : ' ; 2 ' ‘e |
PG1633+099 (bottom). The marked stars in the field were 16.8 - B-filter, Star—4 ]
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Results [ ]
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. . - .  at 1 1 " . 1
coefficients are listed in Table 1. 12 14 16 18

21 Plots for various Transformation Relations are
shown in Fig. 7. Estimated values of
transformation coefficients are listed in Table 2.

Cross Verification

The estimated values were cross verified using PG1633+099
field. For this purpose aperture pho- tometry was performed
on eight field stars (marked in Fig. 1, right) to extract their
instrumental magnitudes. The calculated magnitudes were
corrected for extinction using the extinction coef- ficients
derived, after that the magnitudes were transformed to
standard system using a and S derived. The
transformed/calibrated magnitudes are given in Table 3 and
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Figure 2: Plot between magnitude and airmass in B-filter
for stars from SA110-Landolt field. Values of Extinction
coefficient obtained are shown.
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Figure 3: Plot between magnitude and airmass in U -filter
for stars from SA110-Landolt field. VValues of Extinction
coefficient obtained are shown.

T s hd T v v v T v hd S - T" T - L AR g T AS - A2 T v v v T ®
sk U-filter, Star-1 | ] awisk V—filter, Star—1 A=A
)
1676 - - 12.14 |- -
1212 |- -5
16.7 - - 2
* Ku = 0.331 = Kv = 0.122
12.1
1646 - _ - - =
: 1 L . z h ¢ 1 L L
3 12 14 18 18 z 1.2 14 18 14
2 2
? 8
= 183 FT T T M :x_"-:’—l T T T o]
U-lilter, Slar-2 V—-lilter, Star-2 J
16.25 4
1328 - a
.
a8z - N
1520 -
1515 - -
1324 |- e -1
181 . Ku = 0.370 ] Kv = 0.118
1322
| . | ! L ! !
1.2 1.4 1.6 1.8 L2 1.4 1.8 a
sirmass sirmass
© 2025,IJSREM | www.ijsrem.com DOI: 10.55041/IJSREM47422 | Page 4


http://www.ijsrem.com/

{75 International Journal of Scientific Research in Engineering and Management (IJSREM)

W Volume: 09 Issue: 05 | May - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

]262 T T T 7- . i T T T T .
V-filter, Star-3 1176 - I-filter, Star—1 -
r -
126 |- -
-
11.74 - . s il
1268 - . N Sa
= Ki = 0.050
1256 . Kv = 0.118 et _--7" . -
1 b} PR T L Po— S | J-— — L . | .
B 12 1.4 1.8 1a ) 12 14 L6 1B
£ £
- -
= =
= T T T = T T T o
14.8 |- V-~filter, Star-4 - 12 - I-nilter, Star-3 -
14.78 |- 2
r 1199 - ; .
14.76 -
; 11.98 - . -
HnMr Kv = 0.120 2 Kl = 0,034
1 M TP W1 | | S PREPYPIN YURSFONIC | P
12 14 18 18 1.2 14 |8 16
Airmass Airmass
T T T T .' T T T T
14.98 |- V-filler, Star-5 =] |-filter, Star-5
1388
1494
o -
1492 13,86 - 3
| . ' (i = D.067
a8 - .- Ky = 0,132 1 ¥ ®
13.84
§mau - : \ LA . . , ‘ :
4 -
2 12 1.4 18 LB E 12 1.4 18 1.8
S ~
3[:}52 —1 v . v ' v v v ' v v v ' - - 4
Al = gza [T T T T .
V—filler. Star-6 @4
3.6 |=TFilter, Star—¢
12,69 - -
1378 .
12.68 |- -
-
an s
1378 - & 12687 .
- K 0.120 - p
1374 . 12,68 K 0.GH4 =
1 1 1 1
1.2 1.4 1.8 1B L -—1 -4 -—
SIS 1.2 14 16 1.8
wirmass
(808 [T . ————————
V-filter, Star-7 107 I-filter, Star-7 »
1204 - 2
_- 10.64 e
1oz - o . e
= 10,66 T e
= e
19 F -
[T S < o
s Kv = 0.121 Ki -« 0.077
1208 - 1062 - e
3 R, i — P _— " - = - . = -
‘5: 1.2 1.4 1.6 .8 ‘E‘ 1.2 L4 14 1.8
2 3
-
= 1262 [ ! e 3 ' ! ! .
V-filter a8 I-Milter, Star-8 .
1235 - 1144 + -3
1248 | . -
11.42 . : = R
1246 .
Kv 0118 Xi = 0.0685
1244 | - 14} A
g | ] d \ :
12 14 1e N 12 14 18 18
alrmass airmass

Figure 5: Plot between magnitude and airmass in I-filter
for stars from SA110-Landolt field. Values of Extinction
coefficient obtained are shown.

Figure 4: Plot between magnitude and airmass in V -filter
for stars from SA110-Landolt field. Values of Extinction
coefficient obtained are shown.
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~ f Table 1: Details of Extinction coefficients estimation
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Table 3: Cross verification of estimated coefficients using PG-1633+099 field
S.No. Vv VBV VVR B-V B-V U-B U-B V-R V-R R-1 R-1 V-1 V-1
Land Calc Calc Land Calc Land Calc Land Calc Land Calc Land Calc

1 14396 14414 14347 -0.119 -0.154 -0.990 -0.652 0.085 -0.130 -0.114 -0.099 -0.208 -0.226
2 15259 15294 15225 0871 0895 0305 0422 0506 0470 0506 0506 1.011 0.972
3 12968 13.029 1295 1.081 1.095 1.017 1173 0589 0555 0503 0476 1.091 1.022
4 13224 13289 13216 1114 1150 1.046 1300 0.612 0578 0524 0494 1133 1.063
5 13.689 13.747 13.683 0535 0540 -0.021 0.122 0324 0.296 0323 0.306 0.649 0.599
6 13.113 13187 13120 0.841 0843 0337 0473 0484 0455 0471 0436 0.953 0.886
7 13.768 13.824 13.762 0878 0878 0.254 0378 0523 0514 0522 0494 1035 1.002
8 13.749 13.793 13.727 0.693 0.711 0.079 0.266 0.412 0.381 0.389 0.384 0.804 0.762
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