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Chapter 1 

Introduction 

Variable stars1 are stars whose apparent magnitude changed with time. 

The change in apparent magnitude is due to two main reasons- Internal 

changes and External Effects. The star shows magnitude changes due to 

internal changes are known as Instinct variable and the star whose 

magnitude appear to change time to time due to other phenomenon are 

known as extinct variable stars 

Photometer2 is a solid state device used for measuring brightness- 

magnitude of celestial objects by counting photons per unit time. The data 

produced by photometer and available in the archives is analyzed using 

Virtual Observatory software. VOPlot software is a tool developed in The 

Virtual Observatory project which researcher use for visualizing 

astronomical data which is available in different formats.  

Study of variable star provides information about stellar properties, 

such as mass, radius, luminosity, temperature and evolution. In India, during 

the Monsoon and due to light pollution in cities, the night sky observation is 

not possible. We used VOPlot and data available on AAVSO website5 for 

studying Variable stars during this period. The objective of this project is to 

study variable stars such as Algol and plot their light curve2 using VOPlot. 

This software was used to plot position of star on imaginary celestial sphere 

for visualization and plot their light curves. 
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Chapter 2 

Theoretical Background 

2.1 Stars: 

A star is a sphere of gas held together by its own gravity. The force of 

gravity is continually trying to cause the star to collapse, but this is 

counteracted by the pressure of hot gas and/or radiation in the star's interior. 

This is called hydrostatic support. During most of the lifetime of a star, the 

interior heat and radiation is provided by nuclear reactions near the center, 

and this phase of the star's life is called the main sequence. Before and after 

the main sequence, the heat sources differ slightly. Before the main 

sequence, the star is contracting and is not yet hot enough or dense enough 

in its interior for the nuclear reactions to begin. During this phase, 

hydrostatic support is provided by the heat generated during contraction. 

After the main sequence, most of the nuclear fuel in the core has been used 

up. The star now requires a series of less-efficient nuclear reactions for 

internal heat. Eventually, when these reactions no longer generate sufficient 

heat to support the star against its own gravity, the star will collapse. For 

excellent introduction to all aspects of stars, see the monograph by Kaler 

(1997)3. 

2.2 Variable Stars: 

Variable stars are those that changes brightness. Their variability may 

be due to geometric process such as rotation, or eclipse by a companion star, 

or physical processes such as vibrations, solar flares, or cataclysmic 

explosion. The change may be as small as a few parts in a million, or it may 

http://imagine.gsfc.nasa.gov/docs/dict_qz.html#radiation
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be a factor of a thousand, or more. It may occur in a second or less, or it may 

take years, decades, or centuries. These are extremes, but astronomers have 

developed as array of techniques for discovering, measuring and analyzing 

the full range of possible variable stars, because variations provide important 

and unique information about the properties like the nature and evolution of 

the stars. 

2.3 Magnitude: 

In astronomy, Magnitude refers to the logarithmic measured of the 

brightness of an object measured in specific wavelength of pass band usually 

in optical, near-infrared wavelength. The Greek astronomer Hipparchus 

classed stellar object on how bright they appeared. The Brightest were 

‘magnitude 1’. The next brighter were ‘magnitude2’ on down to ‘magnitude 

6’, the faintest he could see. Thus the scale is roughly 2000 year old. Now 

days, the magnitude is estimated by Photometer or CCDs. 

2.4 Apparent Magnitude: 

Apparent magnitude is the magnitude of the object seen from earth. 

The apparent magnitude of the stars depend on their intrinsic brightnesses or 

luminosities (the total amount of radiant energy emitted per second from the 

surfaces of the star.) and also on their distances from us. Since the distances 

vary considerably, their apparent magnitude does not provide their actual 

brightnesses or luminosity. If, therefore, we know the actual distances of 

stars, we can compare their luminosities by referring them to any chosen 

distance from us from where they are assumed to emit their light.  
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2.5 Absolute Magnitude: 

Absolute magnitude (also known as absolute visual magnitude when 

measured in the standard V photometric band) measures a celestial object’s 

intrinsic brightness. To derived absolute magnitude from the apparent 

magnitude of celestial object its value is corrected from distance to its 

observer. The absolute magnitude then equals the apparent magnitude an 

object would have if it were at a standard luminosity distance which is 10 

parsec away from observer; in the absence of astronomical extinction. It 

allows the true brightness of objects to be compared without regards to 

distances. Bolometric magnitude is luminosity express in magnitude unites; 

it takes in to account energy radiated in all wavelengths whether observed or 

not. 

The absolute magnitude uses the same conventions as the visual 

magnate; a factor of 100.4(~2.512) ratio of brightness corresponds to a 

difference of 1.0 in magnitude. The Milky Way, for example, has an 

absolute magnitude of about -20.5. so Quasar at an absolute magnitude of -

25.5 is 100 times brighter than our galaxy (because (100.4)-20.5-(-

25.5))=(100.4)5=100) If this particular quasar and our galaxy could be seen side 

by side at the same distance, the quasar would be 5 magnitude (or 100 time) 

brighter than our galaxy. 

One can compute the absolute magnitude M of an object given its 

apparent magnitude m and luminosity distance DL: 

𝑀 = 𝑚 − 5((𝑙𝑜𝑔10𝐷𝐿) − 1)  (1) 

Where DL is the star’s luminosity distance in parsecs, where in1 

parsec is approximately 3.2616 light years. For vary large distances 
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cosmological redshift complicated the relation between absolute and 

apparent magnitude and an additional k correction might be required 

For nearby astronomical objects (such as stars in our galaxy) where 

distance DL is almost identical the real distance to the object, because space-

time within our galaxy is almost Euclidean. For much more distance object 

Euclidean approximation is not valid, and General Relativity must be taken 

into account when calculating the luminosity distance of an object 

In the Euclidean approximation for nearby object, the absolute 

magnitude M of the star can be calculated form its apparent magnitude and 

parallax. 

𝑀 = 𝑚 − 5(𝑙𝑜𝑔10𝑝 + 1)   (2) 

Where p is the star’s parallax in arc sec 

You can also compute the absolute magnitude M of an object given its 

apparent magnitude m and distance modulus µ 

𝑀 = 𝑚 − 𝜇   (3) 

2.6 Photometry: 

The Eye is the first photometer. Astronomers measure the brightness 

of variable star, relative to one or more constant (non-variable) stars of 

known or assumed magnitude, by interpolation (or occasionally by 

extrapolation). The observer estimates the magnitude of the variable star 

relative to the comparison star. the magnitude of variable star may be the 

same as that of one of the comparison star. If not, it is estimated relative to 

the magnitudes of two or more comparison stars, which bracket it in 
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brightness. For instance, if it is half way between the magnitudes of two 

comparison stars then it is the average of those magnitudes. Under the best 

conditions, the accuracy of visual measurements is about 0.1 magnitudes. 

2.7 Types of Variable Stars: 

 At a fundamental level all stars are variable as they evolve and 

change over time (from a main sequence to a red giant star as in the Sun's 

case for example). Furthermore we can infer that all stars are likely to vary 

their light output to some extent due to variations caused by phenomena 

such as sunspots. In the section however, we focus on stars with a 

measurable change in brightness. In order to try and understand variable 

stars, astronomers have sought to classify them according to observable 

properties. The Fig.1 shows the main types of variable stars.  

 The first criteria for classification is whether a star in an intrinsic or 

an extrinsic variable. Intrinsic variables are those in which the change in 

brightness is due to some change within the star itself such as in pulsating 

stars like the Cepheids. Extrinsic variables are those in which the light 

output  

Changes due to some process external to the star itself. The most 

common example of these is the eclipsing binaries. Brief details on the 

major classes are provided below..  

2.7.1Intrinsic Variables: 

These are stars which vary their light output, hence their brightness, 

by some change within the star itself. They are an extremely important and 
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useful group of stars to astronomers as they provide a wealth of information 

about the internal structure of stars and models of stellar evolution.  

Perhaps their greatest value is the role of some types such as Cepheids 

and supernovae in distance determination. Intrinsic variables are further 

classified as to whether they exhibit periodic pulsations are more explosive 

or eruptive events as in cataclysmic variables. 

2.7.1.1 Pulsating Variables: 

Pulsating variables periodically expand and contract their surface 

layers. In the process they change their size, effective temperature and 

spectral properties. As they are a vital tool in galactic and extragalactic 

distance determination and have many types. In October 1595 the Dutchman 

David Fabricus observed the star ο Ceti to disappear. The same star was 

noted to vary in brightness during 1638-39 by another Dutch observer and 

became known as Mira (the "Wonderful") due to its behavior. It was 

eventually found to have a period of about 334 days and was the first 

pulsating variable discovered. Its light curve was different to that of Algol 

which was correctly inferred to be an eclipsing binary by the brilliant young 

English astronomer John Goodricke in 1782. 
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Fig.1: Types of Variable Stars12 

 

Fig.1: Hertzsprung- Russel (HR) Diagram12 
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2.7.1.1.1 Cepheids 

Cepheids are very luminous, massive variables with periods of 1 -70 

days. They are named after the first-such pulsating variable, δ Cephei 

discovered by John Goodricke in 1784. Cepheid light curves are distinctive 

and show a rapid rise in brightness followed by a more gradual decline, 

shaped like a shark fin. Their amplitude range is typically 0.5 to 2 

magnitudes. The spectral class of a Cepheid actually changes as it pulsates, 

being about an F at maximum luminosity and down to a G or K at minimum. 

There are in fact two types of Cepheids, the original Type I or 

Classical Cepheids of which δ Cephei is an example and the slightly dimmer 

Type II or W Virginis Cepheids. Both types are located in a region of the HR 

Diagram called the Instability Strip. 

2.7.1.1.1.1 Type I: Classical Cepheids: 

These stars take their name from δ Cephei. Most have a period of 

between 5 -10 days and an amplitude range of 0.5 - 2.0 magnitudes in visible 

light. The variations are less pronounced at infrared wavebands. They are 

1.5 - 2 magnitudes more luminous than Type II Cepheids. 

The light curve for δ Cephei shows a distinctive rapid rise in 

brightness followed by a more gradual decrease. δ Cephei has a period of 

5.366 days and a magnitude range of just under 1. This means that it is about 

twice as bright at its maximum than at its minimum. 

Classical Cepheids follow a well-defined period-luminosity 

relationship. This means that the longer the period of the Cepheid, the more 

intrinsically luminous it is. This has important implications as it allows 

Cepheids to be used as standard candles for distance determination. 

http://www.atnf.csiro.au/outreach/education/senior/astrophysics/variable_cepheids.html
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Type I Cepheids are located on the Instability Strip of an HR diagram 

and are massive supergiant stars.  

2.7.1.1.1.2 Type II W Virginis: 

Type II Cepheids are named after the first star identified in this group, 

W Virginis. It has a period of 17.2736 days, magnitude range of 9.46 - 10.75 

and a spectral class range of F0Ib-G0Ib. 

W Virginis -type Cepheids are intrinsically less luminous by 1.5 - 2 

magnitudes than the Type I Classical Cepheids and have typical periods of 

12 - 30 days. As they are older stars than Type I. Their spectra are 

characterized by having lower metallicities. Type II light curves show a 

characteristic bump on the decline side and they have an amplitude range of 

0.3 - 1.2 magnitudes. 

As with the Type I Cepheids they also display a similar well-defined 

period-luminosity relationship and can be used for distance determination. 

2.7.1.1.2 RR Lyrae: 

These old population II giant stars are mostly found in globular 

clusters. They are characterized by their short periods, usually about 1.5 

hours to a day and have a brightness range of 0.3 to 2 magnitudes. Spectral 

classes range from A7 to F5. RR Lyrae stars are less massive than Cepheids 

but they also follow their own period - luminosity relationship, with a mean 

absolute magnitude of +0.6. They are thus useful in determining distances to 

the globular clusters within which they are commonly found to a distance of 

about 200 kiloparsecs. Sub-types are classified according to the shape of 

their light curves. 

RR Lyraes fit on the Instability Strip on an HR diagram. 

http://www.atnf.csiro.au/outreach/education/senior/astrophysics/variable_cepheids.html
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2.7.1.1.3 RV Tauri 

RV Tauri variables are yellow supergiants, mostly G and K-class stars. 

Their distinctive light curves show alternating deep and shallow minima 

with the period equal to the time between two successive deep minima. 

Typical values are 20 - 100 days. 

2.7.1.1.4 Long-Period Variables (LPVs) 

The first pulsating variable discovered was the long-period variable 

Mira. They are cool red giants or supergiants and have periods of months to 

years. Their luminosities can range from 10 to 10,000 × LSun. Long-period 

variables are further classified according to whether they exhibit regular 

periodicity, such as the Miras or more irregular behaviour, 

2.7.1.1.4.1 Mira–Type: 

Mira or ο Ceti, established as a variable in 1638 gives its name to stars 

of this type. Mira itself has a period of 331 days and varies its brightness by 

almost 6 magnitudes in the visible waveband during a cycle. A red giant, its 

radius varies by 20 percent, peaking at 330 times that of our Sun. Its 

effective temperature ranges from 1,900 K to 2,600 K. It is also a visual 

binary and its companion is also a variable star. 

2.7.1.1.4.2 Semi-regular: 

Variability appears to be a fundamental characteristic of cool 

luminous stars and finding a constant late-type star use as photometric 

standard can present quite a problem. Indeed, it seems likely that almost all 

of them are variable at some level, though some clearly have larger 

amplitude than others. The GCVS distinguishes four classes of semi-regular 

variables: SRa, SRb, SRc and SRd as per their sizes as giants to supergiant. 
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2.7.1.2 Eruptive or Cataclysmic Variables: 

Eruptive variables can exhibit significant and rapid changes in their 

luminosity due to violent outbursts caused by processes within the star. 

There is a wide variety of eruptive or cataclysmic variables. Some event, as 

implied by the term cataclysmic result in the destruction of the star whilst 

others can reoccur one or more times. More details on the different types are 

provided below. Some are also discussed in more detail in the pages on 

stellar evolution.  

2.7.1.2.1 Supernovae: 

A supernova is a cataclysmic stage towards the end of a star's life that 

is characterized by a sudden and dramatic rise in brightness. A typical 

supernova may see a star become brighter by up to 20 magnitudes to an 

absolute magnitude of about -15. This means that a typical supernova may 

outshine the rest its galaxy for several days or a few weeks.  

Supernovae are caused by one of two main mechanisms. The first 

takes place when accreting material falling onto a white dwarf in a binary 

system takes it over the mass set by the Chandrasekhar limit. The resulting 

instability triggers a runaway thermonuclear explosion that destroys the star 

and releases large amounts of radioactive and heavy elements into space. 

The second process occurs in very massive stars once all the material in their 

core has been fused into iron. As fusion cannot occur in elements heavier 

than iron the drop in outwards radiation pressure means that gravitational 

collapse overwhelms the core which rapidly implodes. The core material 

gets crushed to form degenerate neutron-density material whilst the extreme 

temperature and pressure in the surrounding layers cause rapid (R-process) 

nuclear reactions that synthesize the heaviest elements. A huge flux of 
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neutrinos is thought to interact with the super dense material, ripping the star 

apart. Such core collapse supernovae may result in neutron stars and black 

holes forming from the remaining core material. More details are given in 

the later section on star death.  

Observationally, supernovae are classified according to their spectra. 

Type I supernova exhibit no hydrogen lines in spectra taken soon after the 

supernova event. Those with silicon lines present are further classified as 

Type Ia and are thought to be due to thermonuclear explosions as in 

accreting white dwarfs. If no Si lines are present they are Type Ib or Ic 

depending on the high or low abundance of He lines respectively. These 

types occur due to core collapse following the outer layers being stripped 

away in Wolf-Rayet or binary stars.  

Type II supernovae show hydrogen lines in their early spectra. They 

are all examples of core collapse events with most arising due to a massive 

progenitor star exhausting its core fuel. Perhaps the best known example of 

this was Supernova 1987A. This was the first supernova visible to the 

naked-eye since Kepler's supernovae of 1604. It took place in the Large 

Magellanic Cloud, a satellite galaxy of our own about 50,000 pc distant. 

Although we expect two or three stars to go supernova in our galaxy each 

century, these may not be visible in optical wavebands due to absorption and 

scattering by the galaxy's dust lanes so the occurrence of a supernova in an 

nearby galaxy was a major boon for astronomers. Observations of SN 

1987A continue today at many wavebands.  
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2.7.1.2.2 Novae: 

A nova occurs in a close binary system and is characterized by a rapid 

and unpredictable rise in brightness of 7 - 16 magnitudes within a few days. 

The eruptive event is followed by a steady decline back to the pre-nova 

magnitude over a few months. This suggests that the event causing  

The nova does not destroy the original star. Our model for novae is 

that of an accreting white dwarf. It draws material off its close binary 

companion for about 10,000 to 100,000 years until there is sufficient 

material to trigger a thermonuclear explosion that then blasts the shell of 

material off into space. 

2.7.2Extrinsic Variables 

Extrinsic variables are those in which the light output varies either due 

to processes external to the star itself or due to the rotation of the star. The 

two main classes of extrinsic stars are the eclipsing binaries and rotating 

variables. 

2.7.2.1 Eclipsing Binaries (EA) 

The processes behind eclipsing binaries are explained in more detail 

in the section on binary stars. They are regarded as variable too in that as 

one of the component stars is eclipsed by the other, the total brightness of 

the system decreases. The light curves produced by eclipsing binaries show 

distinctive periodic minima. 

Folded light curve for Algol, an eclipsing binary system. The phase is 

shown on the horizontal axis with apparent magnitude, m, on the vertical 

axis. Note the two dips in brightness. The deeper drop in brightness is called 

the primary eclipse whilst the smaller drop is the secondary eclipse. (Take 

http://www.atnf.csiro.au/outreach/education/senior/astrophysics/binary_types.html#bintypeeclipse
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care with light curves, remember a lower apparent magnitude value, m, 

means a brighter object). 

2.7.2.2 Rotating Variables 

Our Sun sometimes has sunspots visible on its surface. These cooler 

regions appear darker than the surrounding areas. As the Sun rotates the 

sunspots appear to move across its surface. If we view a side of the Sun with 

a lot of sunspots it would have a fractionally lower light output than an 

unblemished side. This principle can be extended to other stars, some of 

which are thought to have much more active starspot activity. Starspots can 

be either dimmer or brighter than surrounding regions. As a star with 

starspots rotates, its brightness changes slightly. Stars exhibiting such 

behaviour are called rotating variables. One type of rotating variables are 

the BY Draconis stars. 
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Chapter 3 

Observations and Methodology 

In the month of November of 2013, Using 8 inch Celectron go-to 

telescopes with Solid state Photometer is used to observe Algol and count 

photon per unit time. Due to light pollution and air pollutions it is difficult to 

observe any stat accurately. For that sky reading also had been taken and it is 

subtracted from photon count of Algol which reduced error in reading. Data 

is given in Table 1. It was plotted using Microsoft Excel which is shown in 

Fig.4. The light curve Algol had been studied as one of the variable star type 

and that is used for analyzing other stars 

The light curve of Algol is analyzed which gives us special feature 

indicates that it is eclipsing binary star hence we can find  the combined 

mass of the eclipsing binary star system using. Kepler’s third law has been 

calculated. 

𝑃2 =
4𝜋2

𝐺𝑀
𝑟3   (4) 

Where P is period of completion of an orbit, G is universal 

gravitational constant, M is combine mass of the system, r is the average 

distance of the stars from each other 

Taking ratio of two systems –earth-sun and binary and reducing it to, 

𝑀 =
𝑟3

𝑃2
   (5) 

The light curve of Algol is given in figure 1, which shows increase in 

magnitude (decrease in intensity) as eclipse occurs 
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Observations of fainter stars are not possible in city where telescope is 

situated due to light pollution and cloud cover. The data of fainter stars had 

been taken from American Association of Variable Star Observers 

(AAVSO)6 for further analysis. Different feature of light curves can be 

studied variable types, periodicity, magnitude variations, outer structure of 

stars etc. and be obtained. Comparing light curve with other two star- Lam 

Tau and RT And we concluded their properties and predicted their types. 
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Fig 2: Light Curve of Algol10 

 

Fig 3: Light Curve of Algol using Excel 
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Sr. 
No. 

Direct 
Reading 

Sky 
Reading 

Algol 

 

Sr. 
No. 

Direct 
Reading 

Sky 
Reading 

Algol 

1 378 19 359  41 74 10 64 

2 398 9 389  42 105 19 86 

3 410 10 400  43 123 23 100 

4 398 9 389  44 127 17 110 

5 389 8 381  45 139 21 118 

6 379 34 345  46 176 34 142 

7 398 17 381  47 177 20 157 

8 423 24 399  48 245 15 230 

9 397 22 375  49 238 18 220 

10 432 22 410  50 237 23 214 

11 414 21 393  51 253 36 217 

12 404 21 383  52 248 27 221 

13 421 23 398  53 283 25 258 

14 430 17 413  54 337 18 319 

15 422 21 401  55 363 14 349 

16 419 21 398  56 330 19 311 

17 430 21 409  57 368 10 358 

18 388 24 364  58 383 19 364 

19 389 22 367  59 376 23 353 

20 398 17 381  60 398 17 381 

21 379 8 371  61 380 25 355 

22 398 8 390  62 396 28 368 

23 391 24 367  63 394 32 362 

24 390 22 368  64 432 30 402 

25 422 22 400  65 421 25 396 

26 421 8 413  66 390 28 362 

27 430 24 406  67 424 14 410 

28 387 22 365  68 421 13 408 

29 376 17 359  69 428 19 409 

30 352 21 331  70 395 15 380 

31 342 23 319  71 398 18 380 

32 343 43 300  72 379 23 356 

33 335 22 313  73 379 36 343 

34 200 12 188  74 398 44 354 

35 244 9 235  75 395 38 357 

36 268 12 256  76 412 20 392 

37 253 16 237  77 410 28 382 

38 182 15 167  78 419 26 393 

39 53 18 35  79 421 23 398 

40 49 8 41  80 398 15 383 

Table 1: Observations of Algol during November Month  
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Chapter 4 

Result and Discussion 

Light curve of “Lam Taurus” shown in Fig. 5. As John R. Percy 2007 

and Sterken C , Jaschek C. 2005 explained the light curved the light curve 

shows features like Algol type variable stars. The light curves are showing 

eclipsing but continues intensity. So this star is of one magnitude variation 

from 3.3 to 3.9 It is Algol type variable star (EA) with detached system.  

The Light curved of “RT Andromeda” is given in the Fig.6. The Light 

curve of “RT Andromeda” shows same eclipsing features which predict that 

it’s an eclipsing binary system. The light curve also shows little bump not 

continues intensity which predict it having ellipsoidal star in it. Conclusion 

is this is a star of one magnitude variation from 8.9 to 9.6. It is Algol type 

eclipsing binary (EA) with spherical or slightly ellipsoidal components (RS) 

due to that distance between the stars cannot be found and there combined 

mass cannot calculate from Kelper’s third law of planetary motion. 
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Fig.6: Light Curve of RT Andromeda 

  

 

Fig. 5: Light Curve of Lamda Tau 
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Chapter 5 

Conclusion and Future Scope 

The study of variable star is one of the most popular and dynamic 

areas of modern astronomical research. Variability is property of most stars, 

and as such it had great deal to contribute to our understanding of them. It 

provides us with additional parameters (time scales, amplitudes etc.) which 

are not available for non-variable stars. These parameters can be used to 

deduce physical parameters of the stars (mass radius, luminosity, rotation 

etc.), or to compare with theoretical model. We can choose a ‘model’ of 

given star by requiring that it reproduced observed variability as well as the 

other observed characteristics of the star. From the model we can then learn 

about the internal composition, structure, and physical processes in the star. 

In case of Binary variable if both the minima are obtained the mass 

ration individual stars can be derived. By recording the time of the eclipse of 

each star and form the data the radius of the star can be obtained. Also 

combining the photometric observations with spectral data can be useful in 

scientific study of the star like surface temperature, rotation speed, elements 

present on the star. 

Using the large amount of freely data and large number of software 

available on internet one can make model and develop theories to improve 

understanding of stars and their properties. A different data bases such as 

The American Association of Variable Star Observers (AAVSO) has 

24,551,521 and more variable star database. They provide all kind of help. 
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