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1. 1 Astronomical Unit (    ): Distance between Sun and Earth =              

2. 1 Light Year (    ): Distance travelled by light in 1 year 

=                                       
=                         

3. 1 parsec (    ): 1 parsec is defined as the distance at which the radius of earth‟s orbit subtends and 

angle of   . 
=                                

4. 1 Solar radius (1   ) =         

5. 1 Solar mass (1   ) =           

6. Earth‟s radius =             
7. Earth‟s mass =              

 

Trigonometric Parallax 

Parallax is the apparent change in the position of an object due to a 

change in the location of the observer. 

Hold your outstretched finger and look it with the left eye closed. 

Now look at the finger with the right eye closed. A shift in the 

position of the finger is observed is observed even though the finger 

remains at the same position. This apparent change in the position of 

the finger is parallax. If   is the distance between the two eyes,   is 

the distance between the centre of line joining the eyes to the finger 

and   is the angle subtended then     is the angle of parallax. For 

small  ,        and hence 
 

 
 
 

 
 

 
Stellar Parallax 

To find the distance,  , of a star from earth we observe the star from one point on earth and then observe the 

same star from that point six months later. In six months, earth travels a distance equal to     , where     is 

the distance between the sun and earth. The horizontal distance between the two points is     . Hence, we 

get 

  
   
 

 
    

 
 

  
    

 
 

  is the angle of parallax and is measured in arc seconds. 

             
 

    
       

 

        
    

If     , then   
           

 

        

             

This distance is called as the Annual parallax of one arc second or 1 parsec. 

Approximate distances of a few stars from earth are: 

Name of star Parallax Distance 

Proxima Centauri              
Alpha Centauri                
Alpha Canis Majoris (Sirius)               
Alpha Tauri                
Alpha Scorpii               

  

Eye 1 

Eye 2 
D 

Thumb b 

    

D 

  

Sun 
Star 

      2 

1 
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Let us consider a planet of radius   (diameter  ) situated at a distance   from the point of observation on 

earth. Let the diameter subtend an angle   at the point of observation. Then by geometry of the figure, 
 

 
       

   

 
         

   

 
  

Since, the angle subtended are very small,  

we get 
 

 
    

 

 
       

 

 
, we get 

 

 
 
   

 
 

     

The radii of some of the celestial bodies of the solar system are 

Name 
Distance from 

earth 

Angle 

subtended 
Diameter Radius 

         

Sun                                            

Moon                                               

Jupiter 
          
            

     
         

                    

Venus 
          
             

      
          

                       

 

This method is useful only for the Sun, planets of the solar system and their satellites. For all other stars, the 

discs are too faint to observe. Hence other methods are employed. 

 

Mass of sun and the planets can be found out by using the fact that centripetal force of a satellite revolving 

around an astronomical body is provided by the gravitational force of the astronomical body on the satellite 

owing to its mass. 

Let us consider the case of planet revolving around the sun. Let   be the mass of the planet,    be the mass 

of the sun and   be the distance between planet and sun. If   is the velocity of planet around the sun then we 

get, 

                                                                               
    

  
 
   

 
 

Hence, we get 

   
   

 
 

Time period of revolution of a planet around the sun is given by, 

  
   

 
 

  
   

 
 

 Hence, 

   
     

   
 

 

  

P 

(on earth) 
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B 
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Using the above formula, masses for various constituents of the solar system are given as under, 

Name of 

the body 

Name of the 

Satellite 

Distance between the 

body and the satellite 

Time period of the 

satellite’s revolution 

Mass of the body 

        

Sun Earth                               

Earth Moon                                 

Jupiter Ganymede                                  

Saturn Titan                                  

 

Brightness 

If we view a street lamp from nearby, it may seem quite bright. But when the same lamp is seen from a 

distance, it would appear faint. Similarly a star will look bright if it is closer to us and will appear faint if it 

is far. 

We can estimate the apparent brightness of a star but to measure intrinsic brightness, we must take the 

distance into account. The apparent brightness is defined in terms of apparent magnitude of a star. 

According to the magnitude scale, smaller numbers mean brighter stars. 

The response of the eye to increasing brightness is nearly logarithmic. We define a logarithmic scale for 

magnitudes in which a difference of   magnitudes is equal to a factor of     in brightness. On this scale, the 

brightness ratio corresponding to   magnitude difference is             . Hence, we get 

               
  
  
  

  
  

              

where,   &    are the brightness of the stars and   &    are the apparent magnitudes. 

Using this scale we find that a magnitude   star is, 

      times brighter than a star of magnitude  . 

               times brighter than a star of magnitude  . 

               times brighter than a star of magnitude  . 

              times brighter than a star of magnitude  . 

               times brighter than a star of magnitude  . 

Pole star has an apparent magnitude of     and Altair has    . Thus, Altair is 4 times brighter than Polaris. 

The brightest star in the night sky, Sirius A (α – Canis Majoris) has an apparent magnitude of      . The 

larger the magnitude on the negative scale, higher the apparent brightness while larger magnitudes indicate 

faintness. The apparent magnitudes for various astronomical bodies are as follows, 

Astronomical Body Apparent Magnitude  Astronomical Body Apparent Magnitude 

Sun         Alpha Centauri      

Full Moon         Betelgeuse     

Venus        Uranus     

Jupiter       Pluto      

 
Radiant Flux 

At any given point, the total amount of energy flowing through per unit time per unit area of a surface 

oriented normal to the direction of the propagation of radiation. Its unit is        . 
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Luminosity 

It is defined as the total energy radiated by a source per unit time. The unit is       or     . 
 

The radiant flux is given as 

             
                      

                                     
                             

 

  
 

    
 

For sun, the radiant flux received at earth for each unit area of the sphere having radius              , 

is          . Hence, the solar luminosity    is given as, 

         

                                 

                   

                
The energy from a source received at any place determines its brightness. The brighter the source, the larger 

would be the radiant flux at that place. Hence, 
  

  
 
  
  

              

 
Absolute Magnitude 

It is defined as the apparent magnitude of the star if it were at a distance of       from us. Let a star be at 

     with apparent magnitude  , luminosity   and radiant flux   . At       let these values be   and   . 

The luminosity of the star is a constant. Hence, we get 
  

  
  

    

     
 
 

 

Substituting this value in the equation, 
  

  
             , we get 

            
 

  
 
 

 

              
 

  
 
 

  

           
 

  
  

              

This is a measure of distance and is called the distance modulus. 

 

Name of star Distance from earth Apparent Magnitude Absolute Magnitude 

Pole Star                 

Sirius A                  

 
Indirect method to find stellar radii 

To obtain stellar radii, we can also use Stefan-Boltzmann law of radiation 

      

where   is the radiant flux from the surface of the object,  , Stefan‟s constant and  , the surface 

temperature of the star. 

If   is the radius of the star then luminosity of the star is defined as the total energy radiated by the star per 

second. Hence, we get 
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Hence, ratio of the luminosities of two stars having radius   &    and temperatures   &    respectively is 

given as, 

  
  

  
  
  
 
 

 
  
  
 
 

 

We know that the ratio of radiant flux of two stars at the same distance from the point of observation is 

equal to the ratio of their luminosities. Hence, if   &    is the absolute magnitude of the stars then 
  
  

              

Hence, 

 
  

  
 
 

 
  
  
 
 

              

 

A star is a large incandescent ball of gases held together by its own gravity, heated by nuclear fusion in its 

core and gives out radiation at various wavelengths. 

Stars are formed by condensations of protostars which are made up of interstellar material. As the protostar 

grows in mass, it contracts under its own gravity and the core gradually becomes hot enough for fusion to 

begin. 

Stars are sometimes find alone, like the Sun and sometimes in globular clusters containing hundreds of 

thousands of stars tightly bound by gravity. Stars can also be in the extremely common form of binary star, a 

star system consisting of two stars orbiting their common centre of mass like the Sirius binary system. 

All elements apart from hydrogen and helium are formed inside a star. This process is called 

nucleosynthesis. After the star‟s fuel is consumed, it dies in accordance with its initial mass. Stars with 

masses comparable and less than the Sun end up as White dwarfs while the larger ones end up in a violent 

explosion called as Supernova. Supernova may leave a neutron star or a black hole behind. 

 
Hydrostatic Equilibrium of a Star 

The assumptions for hydrostatic equilibrium of any star are: 

i) Star is spherically symmetric: Rotational motion does not produce appreciable effect on the shape of 

the stars and hence the stars are spherically symmetric. 

ii) Star is in dynamic equilibrium: Energy radiated by the star is equal to the energy supplied from its 

core. Hence, luminosity remains constant over a considerable period of time. 

iii) Star is thermally stable: Temperature at each point within a star is constant over a considerable 

period of time and hence are thermally stable. 

 

The star‟s luminosity change very slowly hence we can safely assume that it is neither expanding nor 

contracting. Thus it is in a state of dynamic equilibrium. This equilibrium is maintained by a balance 

between the force of gravity acting inwards and the gradient of pressure of the gas acting outwards. This 

equilibrium is called the hydrostatic equilibrium of the star. 

 

The solar system is centred on the star we know as the Sun. It is a star of modest size having radius of 

       which shines with a yellow light showing that Sun is stable. The sun consists of a central bright 

disc called photosphere which is visible to us from earth. The Sun produces it energy through the nuclear 

fusion of Hydrogen in the core which is at a temperature of  about         . Sun comprises of        

Hydrogen,        Helium and about    of heavier elements. It consists of about        of the total 

mass of the solar system. It is the only source of energy, both heat and light, for the entire solar system. 

 

The structure of the sun is as shown in the figure, 
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The various regions of the Sun are: 

i) Core: The core comprises of nearly        of the solar mass in about     of its total volume. It 

extends from the centre to about      . Owing to intense gravitation, the temperature and pressure 

inside the core is very high. The temperature is about          and the mass density is     
         (     times denser than water). At these extreme temperatures and pressures, the 

hydrogen atoms are stripped of their electrons and they fuse to form pure Helium. This fusion is 

called the Proton – Proton (p – p) cycle. The reactions are as below, 

  
    

    
    

    

  
    

     
    

which can be followed by either of the two reactions, 

  
     

     
    

    

or, 

   
     

     
    

    
  

The above reactions can be expressed as, 

   
     

     
     

This reaction yields about        of energy and is the source of energy of the Sun and the entire 

solar system. As we move from the centre outwards, the temperature and the density inside the core 

decreases. 

 

ii) Radiative Zone: From about            , fusion does not take place. Solar material in this 

region is hot and dense enough so that the thermal radiation is the primary means of energy transfer 

from the core. The energy generated in the core is carried by photons that bounces from particles to 

particles through the radiative zone. Although the photons travel at the speed of light, they bounce so 

many times that it takes almost 170 thousand years for a single photon to finally reach the top of the 

radiative zone. From the bottom of the radiative zone to the top, temperature falls from        to 

       and the mass density drops from            to           . 

In between the radiative and the convective zone lies a zone called the tachocline. It is hypothesized 

that a magnetic dynamo more popularly known as the solar dynamo is situated in this region which is 

responsible for the Sun‟s magnetic field. 

 

iii) Convective Zone: This zone extends from about       to just below the Sun‟s surface. As the 

temperature falls down to       , the heavier nuclei are able to hold onto electrons and 

undamaged atoms exist. With reduced energy, the light is absorbed by gaseous atoms in the 

convection zone which hold onto it rather than bouncing it off. The hotter material rises up and 

cooler material sinks down. As the hot material reaches the top, it cools and sinks. This produces a 

Corona 

Transition Region 

Photosphere 

Tachocline 

Chromosphere 

Radiative 
Zone 

Convective Zone 

Core 
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rolling motion much like a pot of boiling water. It only takes a little more than a week for the hot 

material to carry its energy to the top of convection zone. From the bottom of the convective zone to 

the top, temperature falls to about        and the mass density drops to about            . 

 

iv) Photosphere: Photosphere means light sphere. It is the surface of the Sun. It is called the surface of 

the sun because at the top of it, the photons are finally able to escape into space. The layer is about 

       thick and has a temperature of about       . When we look at the limb, or edge, of the 

solar disk we see light that has taken a slanting path through this layer and we only see through the 

upper, cooler and dimmer regions. This explains the “limb darkening” that appears as a darkening of 

the solar disk near the limb. 

It is here we find the easily observed blotches that are now called as sunspots. Sunspots are cooler 

          than the area around it. While they look like black spots, they are not actually black. The 

area surrounding the spots are so bright that they appear black. Sunspots come and go in a regular 

cycle of    years. 

 

v) Chromosphere: Above photosphere is a layer of gas approximately         thick, known as the 

chromospheres or the sphere of colour. In the chromospheres, energy continues to be transported by 

radiation. The temperature rises from about        to       K. At these higher temperatures, 

hydrogen emits light that gives off a reddish colour (   emission). 

 

vi) Transition Region: Transition region is a thin and very irregular layer of the Sun‟s atmosphere that 

separates the hot corona from the much cooler chromosphere. The temperature changes from 

        to       in this region. Instead of Hydrogen, the light emitted by the transition region is 

dominated by ions of Carbon, Oxygen and Silicon. These ions emit light in the ultraviolet region of 

the solar spectrum that is only accessible from outside the earth‟s atmosphere. 

 

vii) Corona: The corona is the Sun‟s outer atmosphere. It is 

visible during total eclipses of the sun as a pearly white 

crown surrounding the sun. The sudden rise of 

temperature to about        through regions having 

matter density of            is still a matter of 

research. Solar winds of speeds          arises in this 

region which are present in the entire solar system. 

 

The change in the temperature and density outside the 

photosphere of the Sun is as shown in the figure. The dashed 

line is for density while the solid line is for temperature. 

 
Temperature of Sun: 

i) Interior of Sun: Inside the sun, the gravitational self energy is balanced by the thermal energy 

produced due to fusion. Let us assume that the core consists of only hydrogen. The gravitational self 

energy of the Sun (assuming it to be a sphere) is given as,   
 

 

   
 

  
. The number of Hydrogen 

atoms contained in the Sun will be 
  

  
, where    is the mass of hydrogen. Hence, we get, 

  

  
   

 

 

   
 

  
 

  
 

 

     

   
 

Now,                     ,          ,            ,                 

and Boltzmann‟s constant                . Hence, plugging these values, we get 

            which is little lesser than the calculated value of          using other better 

methods. 
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ii) At the Surface: The luminosity of sun is given as,         , where   is the distance between 

the Sun and earth and   is the radiant flux received on earth. The energy radiated by Sun is given by 

the Stefan Boltzmann Law,       
    , where    is the radius of Sun,   is the Stefan‟s 

constant and   is the temperature of Sun‟s surface. Equating both the equations, we get 

          
     

   
 

  
 

 
  

 
 

 
 

 
  

 

Now,          ,              ,             and                  . 

Hence, plugging these values, we get                  . 

Electrons in an atom exist in certain allowed energy states. Each element has a characteristic set of energy 

levels. When an electron makes a transition from a higher energy level to a lower energy level, radiation is 

emitted. An electron goes from a lower energy level to a higher energy level when it absorbs energy and 

vice-versa. Such transitions follow certain selection rules and are always accompanied by the emission / 

absorption of radiation. The wavelength (or frequency) of the emitted / absorbed radiation is determined by 

the difference in the energies of the two atomic energy levels: 

            

where    and     are the energies of the levels involved in transition,   is Planck‟s constant ,   is the 

frequency of the emitted/absorbed radiation and    is the energy of the corresponding photon. As shown in 

the figure when a hydrogen atom makes a transition from the 2
nd

 energy level to the 1
st
, it gives a photon of 

radiation with energy equal to the difference of energy between levels 2 and 1. This energy corresponds to a 

specific colour or wavelength of light and thus we see a bright line at that exact wavelength. This is an 

emission spectrum. 

 

a) Emission Spectrum 

 

b) Absorption Spectrum 

On the other hand, if a photon of the same energy was incident on a hydrogen atom in the ground state, the 

atom could absorb this photon and make a transition from the ground state to a higher energy level. This 

process gives rise to a dark absorption line in the spectrum. This is an absorption spectrum. 
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The frequencies contained in the emission/absorption spectra of each element are unique and no two 

elements have the same type of emission/absorption spectra because each one of them has a characteristic 

set of allowed energy levels. 

 

If light from a star with a continuous spectrum is incident upon the atoms in its surrounding atmosphere, the 

wavelengths corresponding to possible energy transitions within the atoms are absorbed. Thus, an observer 

will see an absorption spectrum. The stellar spectra tell us about the composition of the star‟s atmosphere. 

Observing the spectrum of a star, we can tell which element(s) are present in its atmosphere. Secondly, the 

nature of spectrum, emission or absorption, depends on the temperature prevailing in the atmosphere 

through which star light passes. Thus, the nature of spectrum gives us an idea about the temperature of the 

star‟s atmosphere.  

A set of empirical rules of spectroscopic analysis is given as below: 

a. A hot and opaque solid, liquid or highly dense gas emits a continuous spectrum. 

b. A hot gas produces emission spectrum and the number and position of the emission lines depends on 

the composition of the gas. 

c. If light having continuous spectrum is passed through a gas at low temperature, an absorption 

spectrum consisting of dark lines is produced. Again, the position and number of dark lines are 

characteristic of the elements present in the gas. 

d. When light with continuous spectrum passes through a very hot, transparent gas, a continuous 

spectrum with additional bright lines is produced. 

Light from the telescope (pointing towards the star) is passed through a slit, a collimating lens, through the 

prism of the spectroscope to obtain the spectrum. The resulting spectrum is focussed by another lens and can 

either be viewed directly or photographed. A schematic of the working of a spectroscope is as shown below: 

 

Stellar spectra, however, show that individual stars differ widely from one another in brightness and spectral 

details. While spectra of some stars contain lines due to gases like hydrogen and helium, others show lines 

produced by metals. Some stars have spectra dominated by broad bands of molecules such as titanium oxide. 

A typical spectrum of a star consists of a continuum, on which are superposed dark absorption lines is as 

shown below. Sometimes emission lines are also present.  

 

Solar spectrum can be easily obtained by passing a narrow beam of sun light through a prism. It consists of a 

continuum background superposed by dark lines. The dark lines in the solar spectrum are called Fraunhofer 

lines. The intensities of spectral lines indicate the abundance of various elements to which the lines belong. 

The important lines in stellar spectra are due to hydrogen, helium, carbon, oxygen, neutral and ionised metal 

atoms. Bands in the spectra are caused by the molecules such as titanium oxide, zirconium oxide, CH, CN, 

C3 and SiS2. 
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Similarities in stellar spectra provided the basis for classification of stars into certain categories. The earliest 

classification was done by Annie J. Cannon. She classified more than 2, 50,000 stars by observing the 

strength of absorption lines, particularly, the hydrogen Balmer lines. In this way stars have been classified 

into seven major spectral types, namely, O, B, A, F, G, K and M.  

For greater precision, astronomers have divided each of the main spectral types into 10 sub-spectral types. 

For example, spectral type A consists of sub-spectral types A0, A1, A2.... A8, A9. Thus there are 70 sub-

spectral types possible. However, in practice, all 70 types have not been observed. The advantage of the 

finer division is to estimate the star's temperature to accuracy within about 5 percent. The Sun, for example, 

is not just a G star, but a G2 star, with a surface temperature of about 5800 K. 

The following table gives the spectral types and their parameters 

Spectral class Approx. temp. (K) Absorption Spectrum Naked-eye example (Star) Colour 

O 40,000 Weak Hα, Ionized He Meissa (O8) Blue 

B 20,000 
Medium Hα, Ionised 

and Neutral He 
Achenar (B3) Blue/White 

A 10,000 
Strong Hα, Ionised Ca 

weak 
Sirius (A1) White 

F 7,500 
Medium Hα, Ionised Ca 

weak 
Canopus (F0) Yellow/White 

G 5,500 
Weak Hα, Ionised Ca 

medium 
Sun (G2) Yellow 

K 4,500 
Very weak Hα, Ionised 

Ca strong 
Arcturus (K2) Orange 

M 3,000 
Very weak Hα, TiO 

strong 
Betelgeus (M2) Orange/Red 

 
Black Body Approximation 

The colour and brightness of a star is different from 

other stars. These parameters depend on temperature. 

Hence the temperature of stars can be estimated on 

the basis of their observed colour and brightness. It 

can be done if we consider a star as a black body.  

The figure shows a set of black body spectra at 

various temperatures. It can be seen that hotter bodies 

radiate most of their total energy in the shorter 

wavelength part of the spectrum. On the other hand, 

the cooler bodies have the peak of their radiation at 

the longer wavelength side of the spectrum and the 

total energy radiated by them is relatively low. 

It has been observed that the outer envelope of a 

star‟s spectrum is quite similar to a black body spectrum at a certain temperature. Thus, a stellar spectrum 

can be approximated to a black body spectrum. It should, however noted that the absorption features of 

stellar spectra distinguish it from the black body spectrum.  

Therefore, the main spectral types, namely O to M, can be considered as referring to different temperatures. 

In other words, we can say that spectral type directly refers to the effective temperature of the star. 

According to the Wien‟s displacement law, the wavelength of maximum emission,   , is inversely 

proportional to the temperature,  , of the black body. Hence, we get 
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This constant is called the Wien‟s constant and has the value              . Thus we can see that the 

hottest stars will be blue in colour while the cooler ones will be reddish in colour. Sun peaks emission is at 

about       . Hence, it‟s surface temperature will be   
           

        
       . 

 
Hertzsprung – Russell Diagram (H – R Diagram) 

H-R diagram is a graph which enables us to simultaneously classify stars on the basis of their temperatures 

and their luminosities. It was created by Ejnar Hertzsprung and Henry Norris Russell. 

The absolute visual magnitude refers only to the visible range of the electromagnetic radiation. Therefore, 

corrections need to be applied for the radiations emitted at other wavelengths. The required extent of 

correction depends upon the temperature of the star. This correction is called Bolometric Correction (B.C.) 

and for medium temperature stars like our Sun, its value is small. After making necessary correction, we 

obtain the absolute bolometric magnitude: for the Sun it is + 4.7 and for Arcturus, it is − 0.3. 

Thus, the expressions for the apparent magnitude as well as the absolute magnitudes of a star are written as, 

                 
and 

                 
where     ,   ,      and    are respectively the apparent bolometric magnitude apparent visual 

magnitude, absolute bolometric magnitude and absolute visual magnitude of a star. Further, the absolute 

bolometric magnitude of a star can be calculated from the following relation: 

                            
  
     

  

The most luminous stars can have luminosities of the order of        whereas the least luminous ones 

have luminosities         

The figure which shows a H-R diagram for all known stars in our solar neighbourhood. The H-R diagram is 

a plot between absolute magnitude or luminosity (along y-axis) and temperature (along x-axis). The stars 

have been divided into different types/groups on the basis of their location on the H-R diagram. 

 

       
 

It may be noted that the distribution of stars follows a pattern such that a majority of stars fall along a central 

diagonal called the main sequence. The main sequence stars account for nearly 90 per cent of all stars. The 

other types of stars such as giants, supergiants, white dwarfs populate other regions. The giant stars (named 

so because of their big size) located at the top right of the H-R diagram have low temperature but high 

luminosity. When we move further up in the H-R diagram, we find super giants. These high luminosity and 

low temperature stars are extraordinarily big in size. It has been estimated that the diameters of super giants 
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are roughly 100 to 1000 times the diameter of the Sun. Further, when we come to the bottom left (below the 

main sequence), we come across stars known as white dwarfs, stars which are very hot but their luminosity 

is very low. Obviously, white dwarf stars must be very small in size compared to the Sun to have such low 

luminosities.  

On the basis of above discussion, we find that the H-R diagram provides information about the following 

parameters of stars: 

a) size 

b) luminosity 

c) mass 

d) spectral type, and 

e) absolute magnitude 

It is because of this reason that the H-R diagram is so important in astronomy.  

 

The solar system consists of the Sun, eight planets, and satellites of planets, asteroids and comets. The eight 

planets, arranged according to their increasing distances from the Sun, are: Mercury (Buddha), Venus 

(Shukra), Earth (Prithvi), Mars (Mangal), Jupiter (Brihaspati), Saturn (Shani), Uranus (Indra) and Neptune 

(Varun). Pluto (Yama) used to be the ninth planet of the solar system but it has been since declassified. 

  
 

The sizes of the first four planets are similar to that of the Earth and they are called terrestrial planets. On the 

other hand, the sizes of the next four planets are bigger than the Earth. They are called jovian planets. The 

properties of the terrestrial and Jovian planets are different. For example, terrestrial planets are mainly made 

of rocks and metals having an average density of      or             whereas jovian planets consist 

mainly of gas and ice with an average density of      or           . 

All these planets revolve around the Sun in elliptical orbits. The planetary orbits are almost in the same 

plane except that of Pluto which is inclined at an angle of ~ 17° to the common plane. Asteroids are believed 

to be the captured objects which were wandering in the solar system. Their orbits are mostly located in 

between the orbits of Mars and Jupiter. Since all the planets revolve round the Sun, it is considered the 

„head‟ of the solar family. In addition, the Sun contains almost 99.87% of the total mass of the solar system. 

Among the planets, Jupiter and Saturn are the most massive, accounting for 92% of the mass of all the 

planets. 

 
The Terrestrial Planets 

i) Mercury: It can be seen near the horizon at sunset or sunrise with unaided eyes. Like the Moon, it 

has no atmosphere and its surface is full of craters. It is, at the same time, the coldest and the hottest 

planet because its periods of revolution and rotation are almost equal which keeps its same surface 

face the Sun all the time. Its surface temperature varies between + 340°C to − 270°C. Its equatorial 

diameter is about         thus making it the smallest planet in the solar system. It is at a mean 

distance of             from the Sun and has a mass of             . It rotates about its axis in 

about    days and revolves around the sun in    days. 
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ii) Venus: It appears as the third brightest object in the sky after the Sun and the Moon, as it is nearest 

to the Earth. Its surface is dry, hot and volcanic. Its atmosphere contains about 96 percent carbon 

dioxide, 3.5 percent nitrogen and remaining half percent is water vapours, argon, sulphuric acid, 

hydrochloric acid etc. The planet is covered by a thick cloud mainly consisting of sulphuric acid 

droplets. Its surface temperature is very high (~ 470°C) which is perhaps caused due to the 

greenhouse effect: the infrared radiation emitted by the planet is not allowed to escape due to the 

presence of carbon dioxide in its atmosphere thus causing the heat received from the Sun to be 

trapped and raise its temperature. Its equatorial diameter is about         . It is at a mean distance 

of             from the Sun and has a mass of              . It rotates about its axis in about 

    days and revolves around the sun in     days. As its mass, density and radius are comparable to 

those of earth, it is also called as Earth‟s sister. It is colloquially also known as the morning or 

evening star owing to its brightness. 

 

iii) Earth: Its crust, extending to 10 km deep under the oceans and up to 40 km under the continents, 

consists mainly of silicon and oxygen. Elements like aluminum, iron, calcium, sodium etc. make the 

bulk of its matter and less than 2% is made of all other elements. Its rotation axis is tipped by ~ 23° 

causing various seasons and polar caps. Its atmosphere consists of distinct layers called troposphere, 

stratosphere and ionosphere. Troposphere comprises mainly of 78% nitrogen, 21% oxygen; 

stratosphere contains ozone which absorbs the harmful ultraviolet radiation from the Sun. Its 

equatorial diameter is about         . It is at a mean distance of               from the Sun 

and has a mass of           . It rotates about its axis in about    hours and revolves around the 

sun in        days. Owing to favourable conditions, it is the only planet in the Solar system which 

contains life in it. 

 

iv) Mars: Though half in size of the Earth, this planet has various similarities with the Earth. Its rotation 

axis is tipped at 25° and thus has seasons and polar caps. This is the most extensively probed planet 

and a few automated laboratories have also been landed. The atmosphere and geology of this planet 

has many features   similar to the Earth. Martian surface has craters of all sizes and enormous 

volcanoes. Martian soil, like the Earth, is mostly made of silicates. However, due to the presence of 

16 percent iron oxide in its soil, it has the characteristic red colour. Hence, it is also known as the 

Red Planet. Its equatorial diameter is about        . It is at a mean distance of             from 

the Sun and has a mass of              . It rotates about its axis in about    hours    minutes and 

revolves around the sun in     days. It has two satellites, Deimos and Phobos. 

 
The Jovian Planets 

i) Jupiter: It is the largest (having diameter 11.2 times that of the Earth) and the most massive planet 

(contains 71% of all the planetary mass). It is like a spinning ball of gas and liquids with no solid 

surface. In this regard, it is similar to the Sun. It has a large number of satellites, about 67 of them. It 

is covered by a turbulent, gaseous atmosphere comprising of hydrogen, helium and small traces of 

water vapour, ammonia, methane etc. It has a Great Red Spot on its surface which has an oval shape. 

It is big enough to accommodate two Earths! It is presumed to be due to huge cyclonic disturbance in        

its atmosphere. In view of its composition, size and the number of Moons, Jupiter looks like a star 

having its own „solar system‟! It has rings and it emits radio waves. Ganymede, its largest moon is 

also the largest moon in the solar system. It is even larger than the planet Mercury. Other three 

moons, Io, Callisto and Europa along with Ganymede are called the Gallilean moons as they were 

first discovered by Galileo in 1610. Its equatorial diameter is about          . It is at a mean 

distance of             from the Sun and has a mass of             . It rotates about its axis in 

about   hours    minutes and revolves around the sun in      days. 

 

ii) Saturn: It is the second largest planet exceeded in size and mass only by Jupiter. Like Jupiter, it 

consists mainly of hydrogen and helium.  (sixth) planet visible from the Earth with naked 

eye. It has beautiful rings (which can be seen through a telescope). The rings are, in fact, a thousand 

tightly packed individual ringlets. The temperature at its cloud tops is − 180°C. It is colder than 
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Jupiter. This planet is less dense than water and being mostly liquid and rotating rapidly, its shape is 

flattened. It has about 62 satellites orbiting at the edge of the rings. These satellites (Moons) are 

composed of rock and ice and have craters. Its main satellite, Titan, is very large (diameter 

        ) and has atmosphere of its own as dense as ours. Its equatorial diameter is about 

         . It is at a mean distance of             from the Sun and has a mass of       
       . It rotates about its axis in about    hours    minutes and revolves around the sun in       

days. It‟s mean density of           is the lowest among the planets. In fact it is lighter than water 

and would actually float if it is dipped in a tub of water big enough! 

 

iii) Uranus: This planet is smaller than Jupiter and four times farther from the Sun. It was the first 

planet to be discovered by a telescope in 1781 by William Herschel. In a telescope, it appears as a 

green disc with vague markings. Its axis of rotation is tipped 97.9° from the perpendicular to its 

orbit. This causes its poles to nearly point towards the Sun and it would seem that the planet is 

rolling along the orbit like a wheel. The rings of this planet were discovered as late as 1977 (Voyager 

2) and they comprise of very dark material, as black as coal. It has about 27 named moons. Its 

equatorial diameter is about         . It is at a mean distance of             from the Sun and 

has a mass of             . It rotates about its axis in about    hours    minutes and revolves 

around the sun in       days. 

 

iv) Neptune: This planet was discovered in 1846 and it is so far away that, seen from this planet, the 

Sun would look like a bright spot! Its colour is faint blue which is caused due to larger percentage of 

methane present in it. Its cloud temperature is about − 237°C. Like other Jovian planets, this planet 

also has rings. It has about 14 named moons. Triton is the largest Moon of this planet which is 

orbiting it in the clockwise direction i.e. opposite to the rotation of the planet. Triton also has 

atmosphere of its own comprising of nitrogen and methane. Its equatorial diameter is about 

        . It is at a mean distance of             from the Sun and has a mass of       
       . It rotates about its axis in about    hours and revolves around the sun in       days.  

 

Uranus and Neptune are known as the ice giants while Jupiter and Saturn are known as the gas 

giants.  

 
The Other Celestial Bodies 

Pluto: This planet was predicted to exist theoretically to account for the observed irregularities in the 

orbits of Uranus and Neptune. It was discovered in 1930 by Clyde Tombaugh and was classified as 

the ninth planet of the solar system. But in 2005, International Astronomical Union (IAU) 

declassified Pluto as a planet and was reclassified as the member of a new “dwarf planet” category. It 

is a very small (about one-fifth the size of the Earth), cold and dark celestial body. Unlike most 

planetary orbits, Pluto‟s orbit is quite elliptical and therefore it can come closer to the Sun than 

Neptune. Being so far away from the Sun, it is cold enough to freeze most compounds. Its mass is 

only 0.002 times the Earth mass. It has five moons with Charon being the largest. Its equatorial 

diameter is about        . It is at a mean distance of             from the Sun and has a mass 

of              . It rotates about its axis in about     days and revolves around the sun in       

days. 

 

Asteroids: In between the orbits of Jupiter and Mars lie millions of celestial objects ranging from 

200 metres in diameter to the largest Ceres, 950 km across. These bodies are called asteroids. They 

resemble the other objects of the solar nebula that accreted to form planets. But before some of the 

asteroids could stick together they were affected by the gravitational pull of the sun and the planets 

and were sent into tilted and elongated orbits. They collided into one another so that such 

fragmentation continued. The powerful gravitational influence of Jupiter also inhibited the growth of 

a new planet.  

When viewed through a telescope, many asteroids show changes in brightness. Largely it is due to 

their irregular shape. They have a variable composition. Most abundant types of asteroid are type C 
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or carbonaceous. These bodies are darker than coal and tend to be found in the outer regions of the 

belt. Other types are S – type (Silica rich) and M – type (metallic). 

 

Meteors: They are small pieces of rocks and metals roaming throughout the solar system with orbits 

of all inclinations. Their sizes range from     to     . When they come under the influence of 

earth‟s gravity and enter earth‟s atmosphere, the resulting friction causes them to heat up and burn. 

Meteors are also called “shooting stars” and “fireballs” because of this feature. Most of the meteors 

burn out in the atmosphere itself. Meteors which do not burn but reach the surface of the earth create 

craters. Such meteors are called as meteorites. The biggest such crater is in Arizona, USA. Lonar 

lake in Buldhana district is another such crater.  

Meteors are categorized as stones, irons or stony irons. The chemical composition of the meteors is 

similar to that of the asteroids. The meteorites provide planetary scientists with invaluable 

geochemical data about the early solar system as the meteors are that old. 

Comets: They are the smallest and the oldest objects of the solar system. They have undergone very 

little change in their chemical composition since they were formed from the early solar nebula. They 

are hence the relics of the primitive solar nebula from which the outer planets were formed. 

They are composed of ice and dust and have been described as “dirty snow balls”. They may have 

originated in the outer reaches of Uranus and Neptune but were gravitationally perturbed at an early 

stage and thrown into a vast cloud comprising of billions of comets that encircle the solar system. 

This cloud is known as the Oort cloud and is found about one third of the distance to the nearest star. 

As a comet approaches the Sun, its icy nucleus partly vaporizes generating a diffuse bright cloud of 

dust and gases and a tail of gaseous particles ionized by the solar wind. The tail always points away 

from the Sun and is millions of kilometers in length. This tail appears very brilliant from Earth which 

makes them so exotic. A shorter second tail of dust particles left behind by the nucleus is sometimes 

also found. 

Spectroscopic studies reveal that nucleus is composed of various volatile molecules involving 

hydrogen, nitrogen, carbon and sodium. When such a comet approaches the Sun, magnesium, iron, 

nickel and silicon have also been detected in the dust. The nucleus also consists of carbonaceous 

materials and hydrated silicates mixed in a slushy matrix of water and other ices such as methane, 

ammonia and carbon dioxide. 

Definition of a Planet 

 According to International Astronomical Union, a planet is a celestial body which, 

a) is in orbit around the Sun. 

b) has sufficient mass to attain hydrostatic equilibrium (a nearly round shape). 

c) has cleared the neighbourhood around its orbit. 

According to this definition, there are currently 8 planets and 5 dwarf planets (Ceres, Pluto, Haumea, 

Makemake and Eris). 

Planetary Data 

Planet Equatorial 

Diameter 

(  ) 

Mass (Kg) Density 

(           
Mean distance 

from Sun (km) 

Rotation 

Period 

Revolution 

Period 

Mercury                                           
Venus                                               
Earth                                               
Mars                                             
Jupiter                                              
Saturn                                                 
Uranus                                               
Neptune                                            
Pluto                                                
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Characteristic features of solar system 

i) Most of the mass of the solar system is contained in the Sun. 

ii) Except for Mercury and Pluto, the orbital planes of all the planets are more or less in the same plane. 

iii) When viewed from above, the planets are found to revolve around the Sun in the anticlockwise 

direction; the direction of rotation of the Sun is also the same. 

iv) Except for Venus, Uranus and Pluto, the direction of rotation of planets is the same as their direction 

of revolution. 

v) The direction of revolution of the satellites of each planet is the same as the direction of rotation of 

the planet itself. 

vi) Total angular momentum of all the planets is more than the angular momentum of the Sun. 

vii) Terrestrial planets comprise mainly of rocky material whereas Jovian planets comprise mainly of 

gaseous material. 

 
Characteristics of the Terrestrial and Jovian planets 

The basic characteristics of terrestrial and Jovian planets are tabulated below: 

 

Characteristics Terrestrial Jovian 

Basic form Rocky Gas/ Liquid/ Ice 

Mean orbital distance (AU)                    

Mean surface temperature (K)                

Mass (relative to the Earth)                    

Equatorial radius (relative to the Earth)                    

Mean density (          )                     

Sidereal rotation period (equator)                                  
Number of known Moons           

Ring systems No Yes 

 

A galaxy is a system of stars, gas and dust, held together by the mutual gravitational pull of these 

components. There are billions of galaxies in the universe. Some galaxies occur as single objects, while 

others occur in groups of a small number of galaxies or in large clusters containing thousands of galaxies. It 

is not unusual to find two galaxies in collision with each other, or interacting with each other from a 

distance. The centres of a small fraction of galaxies contain what is known as an active galactic nucleus. 

This is a tiny object compared to the whole galaxy, but emits energy which can exceed by far the entire 

energy output of the rest of the galaxy. 

A galaxy is a system of a very large number of stars, which are bound together by their mutual gravitational 

attraction. A typical galaxy, like our own Milky Way, contains        stars, spread over a region of size 

        , and has luminosity          , where    ,  is the luminosity of the Sun. In spite of their very 

great energy output, such galaxies appear to be very faint when observed from the Earth, because of their 

vast distances from us. A few galaxies are visible to the naked eye as faint patches of light on dark nights, 

and many more are visible when a small telescope is used. 

The observed images of galaxies show that they come in a wide variety of brightness, shape, size and 

structure. Each observed galaxy is different in detail from other galaxies, and when a large number of 

galaxies are examined, it becomes obvious that there are some basic types into which galaxies can be 

classified. The first detailed classification system was introduced by Edwin Hubble in 1936. This pioneering 

work has been followed by other more sophisticated classification systems which take into account the 

observed properties of galaxies in greater detail, but Hubble‟s scheme is the most widely used even at the 

present time, because of its simplicity and the insight that it provides from observational details which can 

be easily obtained even with a modest sized telescope. Hubble‟s scheme can be illustrated by his tuning fork 

diagram shown in figure.  
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At the left of the diagram, along the base of the 

tuning fork, are the elliptical galaxies, which 

have simple elliptical shapes and appear to be 

smooth and without any additional structures. 

Starting with the almost spherical galaxies of 

type E0, as one moves towards the right, the 

images of galaxies become increasingly 

elliptical. The sequence of elliptical galaxies 

terminates at the point where the two arms of 

the tuning fork begin. Along the upper arm are 

the so called normal galaxies, which come in 

two types: lenticular or    galaxies and spiral 

galaxies. As we move to the right along the 

upper arm, from spiral type    to    to   , the 

bulges in the spiral galaxies become less prominent, and the spiral arms appear to be more open. 

The lower arm of the fork again has lenticular and spiral galaxies, but with a linear central feature called a 

bar. These barred galaxies constitute about half of all lenticular and spiral galaxies. The distinction between 

normal and barred galaxies is not absolute, in the sense that most galaxies have some faint bar like features, 

but a galaxy is called barred only when the bar is very prominent. Every galaxy type along the upper arm of 

the fork has a barred counterpart along the lower arm. 

Many galaxies have highly irregular shapes, and prominent features like jets, tails and rings. It is believed 

that these features are often produced because of interactions between galaxies, which can lead to large scale 

disturbances in the distribution of stars and gas in the galaxies. Many examples of galaxies in on-going close 

interaction can be seen. Large galaxies can also swallow significantly smaller companions, and this can lead 

to significant changes in the structure of the large galaxy. It is difficult to classify galaxies with highly 

irregular structures because of their complexity. 

 
Elliptical Galaxies 

Elliptical galaxies have an enormous range of optical luminosities. The so called giant ellipticals have 

luminosities       , where                  is a characteristic galaxy luminosity.  

When the distribution of light in an elliptical galaxy is studied, it is found that the isophotes, or curves of 

equal light intensity, are elliptical in shape; this in fact gives this type of galaxy its name. In the simplest 

elliptical galaxies, all the ellipses have the same centre, their major axes are oriented in almost the same 

direction, and the ellipticities are nearly constant. 

The galaxies are elliptical flat discs and contain little or no interstellar medium. The stars in these galaxies 

are predominantly old and well advanced in their evolution. 

 
Spiral Galaxies 

Spiral galaxies are identified by a disk-like structure in which are present the spiral arms. A characteristic of 

the disk is that it is much extended but rather thin. When a spiral galaxy is viewed face-on, i.e., when the 

normal to the disk is along the line of sight, the disk appears to be circular. When there is a non-zero angle 

between the normal and the line of sight, the disk then appears to be elliptical, as in the case of the 

Andromeda galaxy. When the disk is viewed edge on, the disk appears to be rather thin. 

Apart from the disk, spiral galaxies contain a central bulge, which is quite obvious in all the spiral galaxies. 

They also have a very large but faint halo, whose existence becomes apparent from a detailed study of the 

distribution and motion of stars. Lenticular galaxies, like the spirals, have a bulge and a disk, but the disk 

does not contain spiral arms. The bulge and the disk here are of approximately equal prominence. The bulge 

has properties very similar to elliptical galaxies, except that it contains more gas and dust. 

The bulge of spiral galaxies is a dense system of stars in the inner region of a galaxy, more or less spherical 

in shape. The bulge of our own galaxy, the Milky Way, can be seen, towards the constellation Sagittarius. 

The properties of the bulges are rather similar to the properties of elliptical galaxies. In addition to the 

systematic motion, the stars in the bulges also have significant random motion, which supports them against 
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gravity. The number density of stars in the bulge is about     higher than the number density in the 

neighbourhood outside it. Bulges have very little gas in them, except near the centre, and so there is not 

much ongoing star formation. This means that the bulge does not have the short lived, high mass blue stars 

which are present in the disks, because of the continuous star formation taking place there. The scale size of 

the bulges is typically a few kiloparsecs (   ), while the radius of the disk of a spiral galaxy like ours is 

about       . The prominence of the bulge relative to the disk decreases along the Hubble sequence, as 

shown in figure above, with the bulges being most conspicuous in spiral galaxies of type Sa and being 

almost absent in the galaxies at the end of the Hubble sequence and beyond. 

The disks in the more luminous spiral galaxies extend to          or more, while their thickness is only a 

few hundred parsecs, which makes them rather thin. The disks are generally taken to be circular in shape 

even though they may appear to be elliptical, due to the projection effect. 

A halo of stars and globular clusters is found to be surrounding the bulge and disk of our Galaxy. The halo 

extends to substantial distances beyond the disk, and has the shape of a flattened spheroid. Such halos are 

believed to exist in all galaxies to a greater or lesser extent. 

Our star, the Sun, is one of about 200 billion stars in the galaxy called the Milky Way – our home galaxy. 

On a clear night sky, one can see a broad white patch running across the sky. It is seen during winter months 

in the northern hemisphere. The patch is actually made up of hundreds of billions of stars, so close to each 

other that they cannot be seen individually. This is a part of our home galaxy, the Milky Way. The Milky 

Way is a highly flattened, disk shaped galaxy 

comprising about       stars and other objects 

like molecular clouds, globular clusters etc. It is 

so huge that, to travel from one edge of the 

Galaxy to the other, light takes about 100,000 

years!  

The galaxy is        across in size. The solar 

system is located roughly at a distance of about 

        from the centre of the Galaxy. The total 

mass of Milky Way has been estimated to be 

about         . Figure shows a schematic 

diagram of the Milky Way Galaxy. The Galaxy 

can be divided into three distinct parts: a central 

bulge, a flattened galactic disk and a halo which 

surrounds the Galaxy.  

 
The Central Bulge 

The central bulge is a more or less spherical cloud of stars. Being located in the disk region of the Galaxy, 

we cannot see this region in optical wavelengths. It is so because the disk region consists of gas and dust 

which absorbs optical wavelengths and obstructs our view. The total mass of the bulge is estimated to be 

about       . Apart from stars, this region consists of gas in the form of molecular clouds and ionised 

hydrogen. The motion of the stars and the gas near the centre of the bulge suggests that there could be a 

massive black hole at the centre. The bulge is about       thick. 

 
The Disk Component 

The flattened disk component has a radius of about       . But its thickness is very small. Most of the stars 

are located along the central plane of the disk and as we move away from this plane, the density of stars 

decreases. The most significant feature of the disk component is the existence of spiral arms. Condensation 

of stars has been observed along the spiral arms. These arms have very young stars called Population I stars, 

star-forming nebulae, and star clusters. The arms are named after the constellations in the direction of which 

a large portion of the arm is situated. Our solar system is located on a Local or Orion arm. The other arms 

are Norma Arm, Scutum-Crux Arm, Sagittarius Arm, Perseus Arm and Cygnus Arm. 
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The Halo Component  

The bulge and the disk components are surrounded by another, not so well defined, and not so well 

understood spherical component called the halo component. This is mainly made up of gas and older 

population of stars. These stars exist in very dense clusters; each cluster having     to     stars. These are 

called globular clusters. Stars in these clusters are so densely packed that they cannot be resolved, and 

clusters appear like a circular patch of light. 

 
Characteristics of the Milky Way 

a. The Milky Way is a highly flattened, disk shaped galaxy. Its radius is           and its total mass is 

estimated to be about         . 

b. The Milky Way can be divided into three distinct portions: a central bulge, the flattened galactic 

disk, and a halo. 

c. The central bulge is a spherical cloud of stars and most of the mass (~      ) of the Galaxy is 

contained in it. 

d. The disk component consists of spiral arms; most of the stars are located along the central plane of 

the disk. 

e. The halo is made up of gas and older population stars; these stars exist in very dense clusters called 

globular clusters. The halo contains an equal amount of matter as the disk itself in the form of dark 

matter. 

f. Like many gravitational systems, our galaxy also rotates. The rotational velocity of stars in the 

Galaxy is very slow compared to that of the solar system. The stars in the Galaxy undergo 

differential rotation. 

g. The spiral arms of the Galaxy do not form a single entity that was originally present; rather, they 

result from the dynamical interaction of the Galaxy with other galaxies and the matter present in the 

inter-galactic space. 

h. The persistence of spiral arms, despite differential rotation, is explained on the basis of density wave 

model. According to this model, spiral arms are the areas where density of gas is greater than other 

places. The arms and the space between them contain roughly the same number of stars per unit 

volume. However, the arms contain larger number of brighter (O and B) stars. 

i. Investigations indicate that a massive black hole, having mass          , resides at the centre of 

the Milky Way. 

 

Cosmology is the study of the origin, evolution and the eventual fate of the universe. Physical cosmology 

employs the observations and mathematical tools to analyze the universe as a whole. Various theories have 

been propagated over the years but the following three are the main theories. 

 

i) Big Bang Theory: Le Maitre and Gamow proposed this theory. As per this theory, at the beginning 

of the universe, entire matter was concentrated in an extremely hot and dense fireball. About 14 

billion years ago a violent explosion occurred and matter was thrown out with high speed radially 

outwards. This violent explosion is known as the “Big Bang”. The theory derives its name from this 

event. As the universe expanded, it cooled down considerably and interstellar matter accreted to form 

various cosmological objects like stars and galaxies. It has been observed that galaxies are receding 

away from each other which confirms with the expanding postulates of the Big Bang theory. The 

observable universe is the limit of the universe which can be observed from the earth. The 

observations over the years compounded with the Einstein‟s general theory of relativity forms the 

tools of this theory. According to the Big Bang theory as the galaxies are receding away, more and 

more galaxies are moving towards this limit. As a result, the number of galaxies per unit volume 

goes on decreasing and ultimately there would come a time when the observable universe would be 

empty. Of all the theories, this theory has been able to give conformal answers to most of the 

cosmological problems and hence is the commonly used theory.  
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ii) Steady State Theory: This is also known as the continuous evolution theory. This theory does not 

take into consideration any specific initiating event in time and space. Bondi, Gold and Hoyle 

developed this theory. As per this theory, the number of galaxies in the observable universe is 

constant and galaxies are continuously being created out of empty space which fills up the vacancies 

caused by the galaxies which have crossed the boundary of observable universe. Hoyle, Burbridge 

and Narlikar proposed a “Quasi steady state theory” with further modifications to augment the now 

defunct steady state theory. 

 

iii) Pulsating Theory: As per this theory, the universe is supposed to be expanding and contracting 

alternatively i.e pulsating. At present, the universe is expanding. The theory says that at a certain 

time, the expansion of the universe may stop due to gravitational pull and will contract again. After it 

contracts to the limiting size, the universe starts expanding. The alternate expansion and contraction 

of the universe gives rise to the pulsating universe. 
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