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ABSTRACT

The Delta Scuti stars are short period variable stars which show period of less than one day.
CC Andromedae (CC And) is an intrinsic variable star of Delta Scuti type, RA= 00" 43™ 48.015,
DEC=+42° 16’ 56’, spectral type F3IV-V. This thesis describes an attempt to investigate the
oscillation frequencies presented through the detail analysis of light curves of CC And. The

main oscillation period of CC And is previously determined to be 0.1249078 days.

The received data of CC And was observed by 50 cm Corrected Dall-Kirikham reflector
telescope at Mount Abu observatory in India in two consecutive nights, 121" and 13" November
2016. The photometry study of CC And was performed in B, V and R bands using very high
sensitivity Charged Coupled Device (CCD) camera which has sensitivity to detect deci-

magnitude scale changes.

The CCD photometric data, provided by Arthur C Clarke Institute for Modern Technologies,
was subjected to initial corrections of bias and flat fielding using Image Reduction and Analysis
Facility (IRAF) software package in UNIX operating system. The magnitudes of CC And in B,
V and R pass bands were extracted using IRAF and high temporal resolution light curves were
produced for the periodic analysis. The light curves were subjected to Fourier analysis and
Lomb-Scargle periodic analysis to determine the possible oscillation periods. The determined
main oscillation periods are 0.11864014 days for B, 0.12375105 days for V and 0.12956104
days for R. In addition to the main oscillation period, Fourier analysis revealed another
harmonic period and Lomb-Scargle periodic analysis discovered the presence of four other
oscillation frequencies of CC And. To the best of our knowledge this is the first time a study
on the oscillation periods of B and R bands of CCAnd has been carried out and this study also
shows the advantage of Lomb-Scargle periodic analysis rather than the Fourier analysis for the

investigation of oscillation frequencies.

vii



CHAPTER 1

Introduction and overview

Light that receive from the stars is the main information that can be used to study the universe.
The structure and evolution of those stars can be determine through physical processes. Stars
are noisy places as they have sound waves inside them. However, travelling of sound waves
are not possible due to the vacuumed environment of the space. Therefore, in most cases there
is no way to understand the physics behind the unobservable stellar interiors because the light
of the stars radiated away from their surfaces carry no memory of its origin. Yet, there are some
stars such as variable stars that the sound waves of them make the stars periodically shrink and
swell, get hotter and cooler. The natural oscillation of such type of stars can be detected by

performing photometry study and hence the interior of it.

This thesis presents the results of our effort aimed at the investigation of the oscillation
frequency of CC Andromedae (CC And) variable star by a detail analysis of light curves of the
source. This photometry study has been carried out in the formal frame of Image Reduction
and Analysis Facility (IRAF) by extracting B, V and R bands. It turned out that in addition to
main oscillation period, the presence of other oscillation frequencies are available for B, V and

R bands of CC And. The work presented here is two fold characters;

i. B,V and R bands were extracted from Charged Coupled Device (CCD) photometric

data subjecting to initial corrections of bias and flat fielding using IRAF.

ii.  The light curves were subjected to Fourier analysis and Lomb-Scargle periodic analysis

to determine the possible oscillation periods.

Hence in the continuation of this chapter, we will discuss what is it meant by a variable star,
where the CC And lies. The oscillation modes in variable stars and a brief discussion on CCD
photometry and UBVRI filters.

In Chapter 2 of this work, we shall give the discussion of how the data were observed for the
current study. Chapter 3 is dedicated for the data analysis. How the flat fielding is done,
centering and shifting frames for photometry, aperture photometry, and lastly Fourier analysis
and the Lomb-Scargle periodic analysis for the observed data were discussed in this chapter.
The results of B, V and R band of CC And were presented in the Chapter 4. The summery and



conclusion of what we have observed, analyzed and concluded were discussed in the Chapter

5. The script files written in IRAF were given in the Appendix.

1.1 Variable stars

Variable stars change their brightness over time, regularly or irregularly as seen from the earth
[1] and they show time dependent light output. Their variation can be occurred due to rhythmic
expansions and shrinks of its radius or due to some external effects like rotation or eclipse.

Variable stars can be divided into two types, intrinsic variables and extrinsic variables.
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Figure 1.1 - Classification of variable stars

Intrinsic variables are the ones whose luminosity physically changes due to pulsations,
eruptions or through swelling and shrinking. In the extrinsic variables, the brightness change,
because of being eclipsed by stellar rotation or by another star or planet. Also, variable stars
can further sub divide into four main classes: the intrinsic pulsating, eruptive variables

(cataclysmic stars), and the extrinsic eclipsing binary and rotating stars. Also, the pulsating and



eruptive intrinsic stars further can be divided in to many classes. These classification of variable

stars [2] are given in the Figure (1.1).

The Variable stars played a major role within past decade in the story of stellar evaluation.
Research on such variable stars provides many information about stellar properties, such as
mass, radius, luminosity, temperature, internal and external structure, composition, and
evolution. Generally, Variable stars can be analyzed using the methods of photometry, spectro-

photometry and spectroscopy.

Graphical representation or plotting data are significant tool in the study of variable stars. In
1914, Ejnar Hertzsprung and Henry Norris Russell created a diagram to represent the
relationship between the star’s luminosity and the temperature or the color of stars (or spectral
type) and the absolute magnitude. This Hertzsprung-Russell diagram (HR diagram) does not
imply locations of the stars, but the star’s brightness against the temperature (or color). The
certain types of variable stars that can be found in the H-R diagram [3] are shown in the

following Figure (1.2).
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Figure 1.2 - Main types of variable stars in H-R diagram



1.2 Oscillation modes in variable stars

The oscillation modes in a variable star are similar to the oscillation modes in a vibrational
string. They oscillate with fundamental mode as well as set of harmonic modes. The
frequencies of the oscillation modes are caused by the sound speed of the seismic waves during
their travel across the interior of the stars. The sound speed, temperature and pressure in various
depth of a star can be measured with a collection of harmonics. The fundamental frequency
occurs due to the expansion and contraction of the star in radial direction making the center of
the star node and the surface as an anti-node. For the 1 harmonic, there is a concentric shell
within the star which does not move. As it is stable, at the concentric shell it creates a node.
The motions above and below the concentric shell is in anti-phase. Radial pulsations of variable
star is illustrated in following Figure (1.3).

Fundamental ® Fundamental

st
Harmonic

st 1
(b)

Figure 1.3 - Harmonics of a string and harmonics of radial pulsations of a star

1.3 CC Andromedae (CC And)

CC And is an intrinsic variable star of Delta Scuti type. Delta Scuti variables are short-period
variables located in the main-sequence with usual definition between A2 V and FO V.

Oscillation periods are between 34 minutes and 5 hours. Generally the amplitudes in light and



radial velocity are small [4]. RA= 00" 43™ 48.01%, DEC= +42° 16’ 56 for CC And, spectral
type is F3IV-V. Its variability was firstly discovered by Eggen and Linband in 1953 [5]. The
main oscillation period of 0.1249078 day was found by Wilson and Walker during 1956.
Further investigation of oscillations were done by Fitch [6] who made observations of CC And
with V filter and he found four pulsating periods : Po=0.1249078, Pr=0.1279623,
P0/2=0.06243539 and P,=0.063083 day, where the periods Pr and Po/2 are resonance- excited
by interaction between the fundamental Po and second overtone P,. The following Figure (1.4)
shows an inverted CCD photometry image of CC And.

Figure 1.4 - Inverted CCD photometry image of CC And

1.4 CCD photometry

Astronomically, photometry is the science of measuring the brightness that we receive from
celestial objects. In order to do this task we can use Charged Coupled Device (CCD). The CCD
was invented by W.S. Boyle and G.E. Smith in 1969 which was not directly applicable in
astronomical detectors. CCDs were first used in astronomy in 1976 by J. Janesick and B. Smith.
Images of Jupiter, Saturn and Uranus were obtained using a CCD detector attached to the 61-

inch telescope on Mt. Bigelow in Arizona [7].

CCDs are light sensitive silicon chips which are divided into a large number of electrically
charged, isolated squares called “pixels”. Present day CCDs have about 512 x 512 up to 4096
x 4096 individual pixels. When light is affected on that chip, photons strike each pixel and
release electrons via the photoelectric effect [8]. CCD measures how much light falls on each
pixel and gives digital image as an output and each star appears as a smeared out circle covering

5



several pixels in that image. More brightness on Image, More photons land on it and more
electrons stored in those pixels which represents a bright objects such as stars. The Figure (1.5)

shows the front and back view of a CCD.

CCD - Charge Coupled Device

= —

Front | Back
Figure 1.5 - Front and back view of a CCD

1.5 UBVIR filters

Astronomical filters are a special kind of colored glass which is often placed in the path of the
light. This is significant to study the specific colors of celestial objects, because it only allows
light of certain wavelengths to pass through and blocks other wavelengths. There are two types
of filters narrow band filters and white band filters. As the name implies narrow band filters
allows small range of light and is often used to study light emitted by specific elements such
as oxygen or hydrogen. Wide band filters allow a large range of wavelengths of light and it is
in the area of the spectrum near visible light. U, B, V, R and | are the most commonly used set
of wideband filters which was described in the 1950s by Harold Johnson and modified a few
decades later by A.W.J. Cousins [9]. Also In 1990, Michael Bessell published a set of
combinations of cheap optical glass filters. This kind of filters can detect faint objects with
short exposure times and small telescopes, because they transmit lot of light. The Figure (1.6)
shows the filter profile of UBVRI system [10].
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CHAPTER 2

Observations

The data which were used in this thesis were received from Mount Abu Infrared observatory.
The observatory has carried out the data collection during 12" November and 13" November
2016. The observatory is located near the town of Mount Abu in the state of Rajasthan, India.
The observatory is at 24.59 N, 72.71E and an attitude of 1680 meters with typical astronomical
seeing of ~ 1.2 arc seconds and is adjacent to Guru Shikhar, the highest peak of the Aravali
Range [11]. The following is a brief description about the reflector which is used at the

observatory.

2.1 The 50 cm CDK Reflector and CCD Camera with Filter Wheels

The Corrected Dall-Kirikham (CDK) has a 50 cm Prolate Ellipsoid, /3 primary mirror and 19
cm spherical secondary mirror with the effective focal ratio of f/6.8 equatorial mount telescope.
The detector is 1024 x 1024 electrons multiplying (EM) CCD with a maximum cooling of -
80°C and negligible read noise. The higher frame rate per second and negligible read out noise
(< 1 electron with EM gain) are ideal for the observations of short period variable stars with
very high time resolution. The large CCD array provides a field of view 13 x 13 arc minutes.
In addition to the standard UBVRI filters, a set of Polaroid sheets oriented at 0, 45 and 90
degrees are also included in the system. The telescope and the dome are fully automated though
the network and can be operated remotely from PRL (Physics Research Laboratory) with all
functionalities including weather monitoring. Figure (2.1) shows a picture of the reflector
telescope. Table (2.1) shows the standard UBVRI filters with their range.

Figure 2.1 - The dome and 50cm CDK reflector telescope



Table 2.1 Johnson and Bessell UBVIR band pass filters and their ranges

Filter Region in EM spectrum Wavelength Range(nm)
U Ultraviolet 320-400
B Blue 400-500
\Y Visible 500-700
R Red 550-800
I Infrared 700-900

2.2 Observation details

The observations were carried out in all three bands of B, V and R and summarized

observations are shown in the Table (2.2).

Table 2.2 The observation details about the photometry data of 12" and 13" November 2016
for B, V and R bands. The exposure (Exp.) time is in seconds and the coverage (Cov.) is in
hours.

B Vv R
Date of observation  "Ey5"(s)™ [ Cov. (h) | Exp. () | Cov.(h) | Exp.(s) | Cov. (h)
12™ Nov. 2016 4 412 2 413 2 411
13" Nov. 2016 4 2.24 2 2.24 2 2.24




CHAPTER 3
Data Analysis

The photometric data were mainly analyzed by using Image Reduction and Analysis Facility
(IRAF) which is a general purpose software written and supported by IRAF programming
group at the National Optical Astronomy Observatories (NOAQ) in Tucson, Arizona. Text and
graphics were handled by Xgterm, which is a special type of terminal in IRAF. Ds9 was
adopted as the display server under the UNIX system to display the CCD photometry data. All
images were in FITS (Flexible Image Transport System) format. In order to find the oscillation
periods, photometric data were subjected to Fourier analysis using MATLAB and Lomb-
Scargle periodogram analyzing. The magnitudes for the set of image frames were extracted via
three steps as shown in the Figure (3.1) to plot the light curve of CC And. These steps were
discussed below.

-
Centering Aperture

ARBERINE || o shifting || photometr

\.

Figure 3.1 - Three steps of extracting image frames

3.1 Flat-fielding

The sensitivity of the pixels vary slightly by few percent across a CCD chip due to the limitation
of the current technology and manufacturing process. Some pixels are more sensitive than the
others. Also this pixel to pixel variation can change with the wavelength of incident light. This
effect can be eliminated by flat field corrections [12]. Flat field frame is a picture of some
homogeneous light source that covers the entire light sensitive area of the CCD. The uniform
light was taken during twilights close after sunset or before sunrise. Also the sky has to be
brighter than the stars and faint enough to saturate the detector.
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There is a small concept behind the flat field correction. If 100 photons fall on a pixel and it
generates 90 electrons, it means that the pixel is operating at an efficiency of 90%. A uniform
light source should have same count of efficiencies such as [100,100,100]. But the flat field
frames and final CCD images do not represent true light and each pixels operates with its own
slightly different efficiencies. Consider a flat field frame affected by an uniform light source
which have unequal efficiencies such as [80,90,100]. First this values should be divided by
mode in order to get values close to one. Assume the mode is 100 for that frame. Then the
normalized frame contain values close to one such as [0.8,0.9,1] . Finally all CCD images that
have unequal efficiencies can be corrected by dividing all the CCD frames by normalized flat

frame. The following Figure (3.2) shows the main stages behind the flat field correction.

80 | 90 100 08 |09 |1
100 1
100 1
100 o I I
Divide by
100
mode (100)
100 1
Flat field frame Normalized flat frame
80 | 90 100 100 | 100 | 100
100 100
100 100
Divide by
100 Normalized flat frame 100
100 100
100 100
Image frame Corrected image frame

Error has been corrected.
All pixels fixed with
same efficiencies.

Figure 3.2 - Stages of the flat field correction
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Several frames were taken to create a good flat field and those frames were combined into one
flat-field for each filters separately using the task *imcombine in IRAF workplace.
Normalization value (mode) was determined for the flats by the task *imstat and then it was
subjected to the task *imarith to obtain the normalized flat field frame. Again each image frame
was divided by normalized flat using *imarith to correct uneven illumination of the CCD. The

Figure (3.3) gives an image of such a combined flat field.

Figure 3.3 - CCD photometry image of a combined flat field

3.2 Centering and shifting rames

Due to the tracking unevenness of the telescope, the stars in all the frames are not located in
the same pixels. Therefore the stars were relatively moved due to the tracking and pointing
errors of the telescopes during the long sequence of repeated observations. Hence it is necessary
to be aligned the frames to a common center for convenience in performing photometry. For
each observations of B, V and R filters, the reference frame should be determined
independently. Two bright stars are identified including the CC And as shown in the Figure
(3.4). The coordinates of selected two stars are determined using the task *imexamine in IRAF
workplace. The coordinates of these centering stars were fed into *imcentroid algorithm to
calculate the pixel shifts of x and y (Ax and Ay) direction with respect to two centering stars
for all the frames. This is shown in the Figure (3.5).

12
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Figure 3.6 - Amount of shift of 538 frames of CC And with respect to the
reference frame of (B band)

The next step is shifting. Figure (3.6) shows the amount of shift of 538 frames of CC And for
B band with respect to the reference frame. This x and y shift of each frames are given to the
*imshift algorithm in IRAF to align all the frames in to a common center. Sometimes the shift
can be too high related to the given reference coordinates. For such type of cases, coarse
centering cannot be performed by increasing coarse centering radius. Therefore a new reference
frame should be introduced and centering is done based on new reference frame with the same
procedure. Finally, all the centered subsets were again aligned to the foremost reference frame
to make the entire frame set to a common center. The final result can be confirmed by

displaying all frames using a script and marking region of the star using Ds9 window.
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3.3 Aperture photometry

Aperture photometry and point spread function fitting (PSF) are the common techniques used
for measuring instrumental magnitudes. Measuring instrumental magnitude by placing
synthetic aperture around the star is known as aperture photometry. Images in a crowded star
field such as the central regions of a globular cluster can be measured by using PSF technique.
Instrumental magnitude of isolated CC And star was obtained using aperture photometry
technique. The basic principle behind the aperture photometry is enclosing the star in a circular
aperture of some radius, adding up all the light in that circle and subtracting the amount of light
contributed by the sky background in that same circle area. Finally the brightness (magnitude)

can be obtained.

3.3.1 Detecting bright stars

CC And is the brightest star when compared to other stars in the field. Before extracting the
instrumental magnitudes, bright stars in the field are detected using the tasks *datapars and
*daofind in *daophot package with some parameter editing such as Full Width at Half
Maximum (FWHM) value, sigma for the sky, detection threshold value, minimum good data
value and maximum good data value. FWHM value and sigma value for the sky are obtained
using *imexamine. The radial profile gives the FWHM of the Gaussian profile of the selected
star. In order to define a common FWHM value, the radial profiles of several bright stars were
taken and then average FWHM is estimated. The radial profile gives the FWHM of the
Gaussian profile of the selected star. Figure (3.7) shows a typical radial profile of CC And star.

Similarly, several sigma values for the sky background is obtained and the average sigma value
is estimated. Other values for the following parameters are given manually according to the

correct requirements.

Detection threshold in sigma : When the task *daofind is examining the image it will use an
annulus with a diameter equal to the FWHM to find the highest number of counts inside and
then estimates the average background count behind the star. It subtracts the background count
from the highest, and then divides that value by sigma. The higher the threshold, the fewer false
stars will be identified. However, *daofind may not pick up other real stars if the threshold is

too high.
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Minimum and maximum good data value : minimum value should be very low and

maximum should be very high.

Finally, *daofind gives coordinate files for each images, it contain x and y center values, some

statistics and photometric data of detected stars.

I T L T I T + T I 1) T T I T T T I L
- .“"“-. - -
- “n, -
3000 |~ Nt ]
- -+ \\ . -
Ay
= \\ -
\\
B - i
— LN -
[¢B) - BN P _
S 2000 -
IS i \ i
> ~ :_\‘ + =1
— - by -
" — + A -
o 1000 | AP ]
I~ . e . N
- . + -
+‘_ +\h\‘~,,-|, * .
- Lo 4:“-{\‘*:; . . -
+ .
e ot g, T L |
0 - O W i e . ]
-I L L 1 I 1 L L I L 1 1 I L 1 1 I 1 7]
0 2 3 4 5
Radius

Figure 3.7 - A typical radial profile of CC And

3.3.2 Picking an aperture size

Picking an aperture size is significant in measuring the instrumental magnitudes of the star and
aperture size should be big enough to include all of the light from the star. If the aperture size
is too small, the light from the star cannot be counted and if it is too big, too much background
or other stars can be counted. Automatically detecting the aperture is not available with IRAF.
It should be done by examining the radial profiles of few images of the target star. The most

basic rule to set an aperture radius is, 3 or 4 times the FWHM.

In IRAF, the algorithm phot is used to measure the magnitudes with several parameter editing
to define the appropriate aperture. Aperture radius was obtained according to the above
mentioned way. In addition to the aperture radius several parameters are defined. In order to

model the value of the sky, the size and the location of the sky annulus have to be defined.
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Inner radius of the sky was set 3 pixels away from the aperture and width of the sky was set to

5 pixels. The selected parameter values for phot are in Table (3.1).The following Figure (3.8)

shows the arrangement of aperture parameters.

Sky annulus \
Measurement
aperture
Width of sky annulus y

Inner radius of sky
annulus

Star

Radius of the aperture

Figure 3.8 - The arrangement of aperture parameters

Table 3.1 Important parameters for extraction of instrumental magnitudes

FWHM value Aperture radii Inner radius Sigma
12" November 2016
B 4.49 135 16.5 11.48
Y; 4.58 13.74 16.74 15.21
R 4.73 14.19 17.19 12.72
13" November 2016
B 6.50 19.5 225 76.1
Y, 5.82 17.46 20.46 57.93
R 6.35 19.05 22.05 134.7

A separate text files for all image sets containing instrumental magnitudes were obtained for

the data sets using the above parameters. Finally, the task *txdump was used to extract the

16



magnitude from the text file (including CC And) and Julian Date (JD) was extracted from the

header file.

3.4 Light curve analysis

3.4.1 Lomb-Scargle Periodogram light curve analysis

Instrumental magnitudes of CC And was directed to investigate the possible oscillation periods
using VARTOOL software package [13]. The VARTOOLS program is a command line utility
that provides tools for processing and analyzing astronomical time series data. Methods of
calculating variability and periodicity statistics of light curves are available in VARTOOL.
Lomb-Scargle (L-S) search of the light curves was performed for periodic sinusoidal signals.
Lomb-Scargle periodogram [14] is a well-recognized algorithm for detecting and
characterizing unevenly sampled data. The Lomb-Scargle period finding algorithm was
applied on the light curves searched for periods between 0.01 and 1 days at a frequency
resolution of 0.001/T. T is the time- span of the light curve which is 0.171667 days for B,
0.17208 days for V and 0.17125 for R. The output was set to report the highest peak and
periodogram was obtained. Each light curve was pre-written and re-applied L-S before finding
the next peak and 5 sigma iterative clipping was used in determining the spectroscopic signal-
to-noise. For each peak it will output the period found, the algorithm of the formal false alarm
probability (LS probability) and the spectroscopic signal to noise ratio (SNR) for the peaks.
(SNR= (LS-<LS>/ RMS(LS); where LS is the normalized statistics). LS probability is the log
value of the false alarm probability that the probability of detecting a signal from noise. An
unlike good fit which has a very small LS probability interpreted of detection of corresponding
period. In order to process for the LS periodogram, the input text file should contained three

columns namely Julian date, magnitude and the error of magnitude [15].
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3.4.2 Light curves of BVR bands of CC And
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Figure 3.9 - Light curves of CC And variable star and comparison star in same plot (for B band)

Light curves for B, V, and R bands of CC And star and comparison star was obtained by
plotting Instrumental magnitude vs. JD values using MATLAB. The light curves of comparison
star and CC And for B band together is given on Figure (3.9) and separately given at Figure
(3.10) and (3.11).
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Figure 3.10 - Light curve of CC And of Figure 3.11 - Light curve of comparison star
B band of B band

The sudden variations of light curves can be seen in all three bands (Fig. 3.12). This may occur
due to some instrumental effect of measurements. Differential photometry can be performed to
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reduce such type of error. But in this case comparison star does not show smooth variation in

magnitude and its scatter is normally high. Therefore applying differential photometry would

not improve the light curves of CC And. The instrumental and atmospheric magnitude

anomalies were manually rejected and corrected light curves were used for further analysis.
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Figure 3.12 - Light curves of CC And for B, V, R bands

3.4.3 Fourier Analysis

Stars that shows periodic signal can be expressed as a Fourier series [16] of the form,

0.24

JD 2457705.0+

0.26

0.28

f(x) =ay+ Z(an cos(nwt) + b, sin(nwt) )
n=1

f(x) —Observed magnitude at time t,

ao — Mean magnitude

a, , b, — Amplitude components of (n-1)" harmonic

n — Order of the fit

W — Angular frequency

n=1, 2,3, ...
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Oscillation period T can be calculated using,

T=2n/w

Obtained light curves for B, V and R bands of variable star CC And were further subjected to
Fourier analysis using MATLAB in order to get the general model for Fourier fitting.
Fundamental component and other harmonic components can be determined through this
model. The Figure (3.13) shows the Fourier fitting of CC And.
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Figure 3.13 - Fourier fitting of B band light curve of CC And for 12" November 2016. The
line shows the Fourier function fitted to the observed values (order = 3)

3.4.4 Detection of oscillation periods of BVR bands of CC And

The observations of CC And star was subjected for oscillation periods investigation. Fourier
fitting with MATLAB gives a general model, coefficient values, angular frequency and
goodness of fit values for the light curve. The fundamental frequency component and other
harmonic frequency components were plotted and frequencies were calculated by using those
values. Figure (3.14) shows the frequency components in B band of CC And for the 12

November data set.
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Figure 3.14 - Frequency components in B band of CC And for the 12" November data set

Blue and green color curves represents the fundamental and 1% harmonic respectively. The
extensive observation of CC And have been subjected for oscillation period investigation using
VARTOOLS. The data were investigated for primary and secondary frequencies. LS algorithm
was run in order to search the periods between 0.01 and 1 with the frequency resolution of
0.01/T where T is the span of light curves. The process search for 6 peaks and used a 5 sigma
iterative clipping in determining the spectroscopic signal to noise. The power spectrum of B

was produced in the output. Accordingly, obtained results were given in Chapter 4.
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CHAPTER 4

Results

4.1 Light curves of CC And

After extraction of instrumental magnitudes and Julian days of CC And, the data was fed into
MATLAB to interpret the results. Periodic variations can be clearly identified in light curves
of CC And of 12" November data set for B, V and R bands as shown in Figure (4.1), Figure
(4.2) and Figure (4.3) respectively. The Figure (4.4) shows the light curves of CC And in same
plot for B, V and R bands of 12" November photometric data. Also, the light curves of B, V
and R bands of CC And of 13" November data set do not show periodic variations as shown
in Figure (4.5), Figure (4.6) and Figure (4.7) respectively. The Figure (4.8) shows the light
curves of CC And in same plot for B, V and R bands of 13" November photometric data.
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Figure 4.1 - Light curve of B band of CC And observed on 12th November 2016
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Figure 4.5 - Light curve of B band of CC And observed on 13th November 2016
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Figure 4.6 - Light curve of V band of CC And observed on 13th November 2016
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Figure 4.7 - Light curve of R band observed on 13th November 2016

L T T T T T T T T
10.7 I +  Instrumental V magnitude Vs JD+2457706 |‘
+
106 B
105 B
1041 B
.
. . - . .
1034 M . e, . * -
B TSR : . v
IS S Ui PO vy et A .o,
P A COVTE U SN AU L Y Dhd MR
102k R * ME T Tew, T T e a0l o
. I A e . '...‘,-.,.
. .
- . . * ".: ::. . £ 3 . + .
1014 LI " N T e 1
+
* e
.
. . . . . . | . L. .
021 022 023 0.24 025 026 027 0.28 029 0.3

JD 2457706.0+

10.55 -

1051

10451

104

10,35

10.3F

10.251-

T T T T T
M | + Instrumental B Magnitude Vs JO+2457706 |

L 1 1 1 1 1 1 L+ 1

0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29 03

JD 2457706.0+

105
.
104+

10.3-

101

9.6

T T T T T
+  Instrumental R magnitude Vs JD+2457706 |_

+ L

L
0.21

L L L L L L I L
0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29 0.3

JD 2457706.0+

24



T T T T T T

107 + Instrumental B magnitude Vs JD+2457706 ||

Instrumental V magnitude Vs JD+2457708
g
o 106 . . . +  Instrumental R magnitude Vs JD+2457706 [
. +
o [T R S
4 o+

1061 4,0 Tt W Te, o + *+ i
3 + ,:ﬁ -'::“:;. “; e u s M
— Y PSR Ry . D AP VP .

¥ + RS E AP S N .
c 104l - + +, g e, LS RS-
> g * LA PO ““3-:.“., LAy
I AR A ) .y
S 103 e c e
i N 4
. . . e
— i
3+ hd
E 102F .' P . + ]
o5} &opente .'; ® " P + vy .
E AR e et Tttt T s e e .
PR Y RN BT T AT v
S . . o P e at .e'.,.m,‘.‘,,,,
= - .\ . g PR K P N
) 10+ + AR *, .., A 5o .0’ I
172} h A + rs + - *,
c .t & R -
— 9 g [ * *
: * -
9.8 1 1 1 1 1 1 1 1 1+ I 1

021 0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29 0.3

JD 2457706.0+

Figure 4.8 - Light curves in B, V and R bands of CC And observed on 13"
November 2016 in same plot

4.2 Oscillation periods of CC And

The star CC And is Delta Scuti type variable star with main oscillation period of 0.1249078
days. Light curves in B, V, and R bands of Delta Scuti type variable star were examined
separately to investigate main oscillation period and other oscillation periods using Fourier
analysis. The graphical interpretation of Fourier fitting and frequency components in B, V and
R light curves of CC And are shown in following Figure (4.9), Figure (4.10) and Figure (4.11)

respectively.
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Figure 4.9 — (a) light curve, Fourier fitting, (b) corresponding frequency
components in B band of CC And observed on 12" November 2016. Blue and
green color curves represents the fundamental and 1% harmonic respectively.
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The calculated oscillation periods are shown in the following Table (4.1). Po and P1 are the

primary and secondary frequencies detected from Fourier analysis.

Table 4.1 Periodic time of CC And. Three oscillation periods were clearly identified and

listed in the table below for each of the BVR bands.

12" November B Vv R

2016

Po (Days) (1.1% 0.7) x10™ (1.1% 0.3)x107 (1.1% 0.6) x107
P1 (Days) (0.8+ 0.5) x101 (0.7+ 0.3) x10° (0.7+ 0.4) x107

The CC And is observed in B,V and R bands with high time resolution for detecting oscillations
in addition to the main oscillation period. The observations of CC And were examined and
pulsating periods were detected using Lomb-Scargle periodogram analysis. The LS power
spectra of each oscillations of V, B and R bands of CC And are shown in the Figure (4.12),
Figure (4.13) and Figure (4.14) respectively.
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Figure 4.12 - L-S power spectra of V for the 12" November observations of CC And
with frequencies fo, f1, f> and f3
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Figure 4.14 - L-S power spectra of R for the 12" November observations of CC And with
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Five oscillation periods (Po, P1, P2, P3, P4) of CC And for BVR filters were clearly identified

and listed in the Table (4.2).

Po is the main oscillation period and P1, P2, P3, Pa,

are the harmonics.

Table 4.2 The oscillation periods of CC And for BVR filters.

\Y Period (Days) LS Probability LS S/N Ratio
(log)

Po (1.2+0.06) x101 | -74.32 16.28

P1 (0.6+ 0.06) x10 | -18.41 08.43

P2 (0.4+0.06) x101 | -09.27 07.52

P3 (0.3+0.06) x10 | -04.24 05.86

P4 (0.2+0.06) x10? | -02.64 07.16

B Period (Days) LS Probability LS S/N Ratio
(log)

Po (1.2+0.06) x10t | -74.45 9.56

P1 (0.6+0.06) x10* | -17.87 2.29

P2 (0.4+0.06) x10? | -8.99 1.48

Ps3 (0.3+0.06) x10! | -3.18 0.43

Py (0.2+0.06) x10T [-2.16 0.23

R Period (Days) LS Probability LS S/N Ratio
(log)

Po (1.3 0.06) x10T | -78.44 04.02

P1 (0.6+0.06) x10 | -14.90 16.72

P, (0.2+ 0.06) x10T | -2.69 5.42

Ps3 (0.1+ 0.06) x10! | -0.60 2.42

P4 (1.0+0.06) x10? | -0.39 2.48
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CHAPTER 5

Discussion and Conclusion

Oscillation periods were clearly identified in CC And for the 12" November photometric data.
The light curves of B, V, and R bands were subjected to Fourier analysis and L-S periodogram
algorithm to find out the possible oscillation periods. The main oscillation period for CCAnd
obtained from Fourier analysis and L-S periodogram have shown in the summarized Table
(5.1) below.

Table 5.1 Summery of main oscillation period of CC And for 12" November data.

METHOD B \Y R
Fourier (Days) 0.1131698 0.1144351 0.1060274
Lomb- Scargle (Days) | 0.1186401 0.1237511 0.1295610

Fourier analysis in B, V and R bands of CC And detected another oscillation period. Oscillation
period of main frequency of V band, 0.1237511 that is obtained using Lomb-Scargle
periodogram analyzing is approximated to the well-established period of 0.1249078 day. Also,
in addition to the main pulsation period another four harmonic periods were detected by Lomb-
Scargle period-finding algorithm. Lomb-Scargle period finding algorithm is the most
commonly used method for calculating the spectrum of non-uniformly spaced data. It is more
appropriate algorithm than the Fourier analysis for unevenly sampled data.

Also, a very low frequency was detected after using Fourier analyzing in B, V and R bands,
oscillation period with 0.2263395, 0.2228870 and 0.2120549 respectively. In order to conform
this low frequency we need at least two or three continuous cycles of data. The photometric
observations of 12 November, there were only one cycle of the light curve of CC And. The

analysis will be more accurate if there were two or more cycles within that light curve.

The following Figure (5.1) represents the light curve of CC And of B band for 13" November

data which does not show clear periodic variation due to the high scattering of data points. The
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V and R bands are also highly scattered which do not show clear variation. This data set
probably taken in a photometrically non favorable condition. Therefore, further investigation

of oscillation periods were not carried out for the 13" November data set.
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Figure 5.1- Light curve in band of CC And observed on 13" November 2016

The following Figure (5.2) shows the light curve of comparison star and the light curve of CC
And for 12" November photometric data. Sudden variation among the light curve of
comparison star and light curve of CC And can recognize (Fig 5.3). This error occurs due to
instrumental effect or sudden variation of sky conditions and normally this can be reduced by
performing differential photometry.
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Figure 5.2 - Sudden variation in Comparison star and CC And star
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Figure 5.3 - Light curves of Comparison star and CC And with deviated data

Differential photometry is a straight forward method of performing photometry. It is simply
the difference between the instrumental magnitude of the target star and the comparison star.
Usually the comparison star must not show variation in magnitude. The result cancels out the
instrumental effect in the measurements. This can be useful to investigate how the magnitudes
of a star varies over time by plotting measurements in a light curve. Due to the non-smoothness
and the high scattering of the comparison star, the resultant of differential photometry was not

investigated for further analysis.

There are several limitations when observing a variable star. CC And is a most perfect one
among those stars because the period of that star is not too large or small compared to others.
CC And has an oscillation period approximately 3 hours. So the detection of one cycle of CC
And within one night is comparatively easy among variable stars. The CC And shows 0.1
instrumental magnitude change which can be detected by simple CCD system. Therefore this

target is possible to observe in medium scale telescopes.

The work we have done is successful, since we have obtained almost the same oscillation
period for V band as previously calculated. The most important fact of the investigation is
identifying the oscillation periods other than the fundamental period of CC And. For the best
of our knowledge the study of secondary periods in B, V and R bands of CC And was not
previously attempted and this study also shows the importance of carrying out Lomb-Scargle

periodic analysis for the investigation of oscillation frequencies.
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Appendix

Script files written in IRAF

/// This script is written to filter the images to B, V and R bands
separately and make list ///

while(fscan(list,s1)!=EOF)!{
imgets((s1),"FILTA")

s2= (imgets.value)

print((s1), >> (s2) // ".list")
print(s2)

}

/// This script is written to display all images in a list ///
list= “ListName”

while(fscan, (list,s1)!= EOF){
display(sl)

}

/// This script is used to extract JD from the header file and write

it to a text file ///
list="ListName”
while(fscan(list,s1)!=EOF){
imgets((sl1),”JD”)
s2=(imgets.value)

print((s2),>> “Bjdlist”) /*¥Bjdlist is a blank text file and it

has to be created before run the script*/
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