
IAS Study Group 

Physical Geography             1 | Unit 1 – The Universe 

UNIT 1     THE UNIVERSE 

  

The term “evolution” usually refers to the biological evolution of living things. But the processes by which planets, 
stars, galaxies, and the universe form and change over time are also types of “evolution.” In all of these cases there is 
change over time, although the processes involved are quite different. In the late 1920s the American astronomer 
Edwin Hubble made a very interesting and important discovery. Hubble made observations that he interpreted as 
showing that distant stars and galaxies are receding from Earth in every direction. Moreover, the velocities of 
recession increase in proportion with distance, a discovery that has been confirmed by numerous and repeated 
measurements since Hubble’s time. The implication of these findings is that the universe is expanding. Hubble’s 
hypothesis of an expanding universe leads to certain deductions. One is that the universe was more condensed at a 
previous time. From this deduction came the suggestion that all the currently observed matter and energy in the 
universe were initially condensed in a very small and infinitely hot mass. A huge explosion, known as the Big Bang, 
then sent matter and energy expanding in all directions. 

Human beings in their early times did not know much about the existence of universe but for the first time when 
human being perceived the universe as a systematic unit, it name this as cosmos. The EGYPTIAN astronomer, 
Claudius Ptolemy started systematic study of the Cosmos and opined that the Earth was at the centre. This 
geocentric view of the universe remained in vogue for a long time. Copernicus, in 1543, proposed the heliocentric 
view that brought revolutionary changes in the study of origin of the earth. It stated that the sun is the centre of the 
universe instead of earth. But this view was limited to solar system only. An American astronomer, Edwin Hubble, said 
that the universe is composed of several galaxies, like our own. In fact, there has been continuous change of views 
and concepts regarding the origin of the universe and several theories have been proposed to explain its origin. 

Theories regarding the origin of the Universe 

1. Big-bang theory: by E.GeorgeLamantor 

2. Pulsating universe theory: by Allen Sundes 

3. Steady state theory: by Thomas Gold and Herman Bondy 

Big Bang theory: 

This is the most acclaimed theory regarding the origin of the universe. It was proposed by a Belgian astronomer and 
clergy, E.Georgelamantor in 1960-70 AD. According to him, billion years ago there was a big heavenly body, made up 
of heavy matters. Due to sudden explosion of this heavenly body, normal matters ca e out of it. And many celestial 
bodies were created as a result of aggregation of these normal matters. Gradually their size increased due to 
continuous accumulation of normal matter around them. In this way, galaxies were created. Stars were formed due to 
reexplosion of these galaxies. In course of time, the planets were also formed in the same process. The ever-
increasing distance between the galaxies roves this phenomenon. NASA has confirmed this in a project called map 
(microwave anisotropy probe) in 2001. There are about 100 billion galaxies in the universe. A galaxy is a large 
constellation of stars in which there is a central bulge and three rotating arms. These rotating arms are composed of 
several stars. The bulge is the centre of the galaxy. Where there is the highest concentration of the stars. Every galaxy 
is composed of about 100 billion stars. Andromeda is the closest to our galaxy (milky way) which is 2.2 million light 
years away from us. Our own galaxy is known as “mandakini” which has spiral shape. Orian nebula is the brightest 
and coldest group of stars of our galaxy. The Sun is a star of our galaxy and takes more than 200 million years to 
complete one revolution around the centre of the galaxy. Planemus, outside the solar system is a group of twin 
bodies looking same. Sirius or Dog star is 9 light years away from the earth and has a mass 2 times that of the Sun 
and is the brightest star seen in the night. Proxima Centaury, a star, is the nearest to the Sun, about 4.3 light years 
away from Sun. Galileo, in1609 AD ,studies the sky in the night using the telescope for the first time. He discovered 
that the stars cannot be seen through nakedeyes. 

Why do Most Scientists Accept the Big Bang Theory? 

The acceptance of this theory by the scientific community is based on a number of observations. These 
observations confirm specific predictions of the Big Bang theory. In a previous section, we learned that 
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scientists test their theories through deduction and falsification. Predictions associated with the Big 
Bang theory that have been tested by this process are: 

1. If the Big Bang did occur, all of the objects within the Universe should be moving away from 
each other. In 1929, Edwin Hubble documented that the galaxies in our Universe are indeed 
moving away from each other. 

2. The Big Bang should have left an "afterglow" from the explosion. In the 1960s, scientists 
discovered the existence of cosmic background radiation, the so-called "afterglow" after the 
Big Bang explosion. Our most accurate measurements of this cosmic radiation came in 
November 1989, by the Cosmic Background Explorer (COBE) satellite. The measurements from 
this satellite tested an important prediction of the Big Bang theory. This prediction suggests 
that the initial explosion that gave birth to the Universe should have created radiation with a 
spectrum that follows a blackbody curve. The COBE measurements indicated that the 
spectrum of the cosmic radiation varied from a blackbody curve by only 1%. This level of error 
is considered insignificant. 

3. If the Universe began with a Big Bang, extreme temperatures should have caused 25 percent 
of the mass of the Universe to become helium. This is exactly what is observed. 

4. Matter in the Universe should be distributed homogeneously. Astronomical observations from 
the Hubble Space Telescope do indicate that matter in the Universe generally has a 
homogeneous distribution. 

What is a Star ? 

Stars are the most widely recognized astronomical objects, and represent the most fundamental building blocks of 
galaxies. The age, distribution, and composition of the stars in a galaxy trace the history, dynamics, and evolution of 
that galaxy. Moreover, stars are responsible for the manufacture and distribution of heavy elements such as carbon, 
nitrogen, and oxygen, and their characteristics are intimately tied to the characteristics of the planetary systems that 
may coalesce about them. Consequently, the study of the birth, life, and death of stars is central to the field of 
astronomy. 

 

 

 

http://www.physicalgeography.net/physgeoglos/d.html#deduction
http://www.physicalgeography.net/physgeoglos/f.html#falsification
http://www.stsci.edu/
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LIFE CYCLE OF A STAR 

1. Rotation of the galaxy causes the gaseous clouds present in the universe to become compact and due to the 
gravitation the process of nuclear fusion starts at the centre, converting hydrogen into helium. 

2. This process liberates an enormous amount of energy in the form of heat and light. 
3. At this stage the gaseous mass becomes a star. 
4. As the time passes, all the hydrogen into the centre gets converted into the helium,and the centre starts to 

contract under its own gravity. 
5. But the outer layer still contains some hydrogen which keeps on changing into helium through nuclear fusion. 
6. Due to imbalance in the gravitational pull of the centre and enormous energyproduced in the outer layer the star 

expands to a large body. The temperature of thestar at this stage also galls down so it appears red. This is the 
RED GIANT STAR. 

7. After the Red Giant phase the future of the star depends upon the initial mass of thestar. Now the helium starts 
converting into carbon and carbon into heavy metals likeiron in the core. This results in a massive explosion in 
the star which is known asSUPERNOVA. 

8. If the initial mass of the star is less than 1.4 times the mass of the Sun, then it ends its life as a WHITE DWARF 
STAR, which is also known as fossil star. White dwarf star ultimately turns into a black dwarf. The limit 1.4 of solar 
mass has come to be known as “Chandrasekhar limit”. 

9. Unlike this, if the mass of the star is much more than the mass of the Sun then it becomes NEUTRON STAR. A 
rotating Neutron star is known as pulsar. 

10. A Neutron star remains contracting and thus, mass in a large quantity, concentrateson one point .Such body with 
high density is called black hole. It does not allowanything to escape, including the light due to which it can not 
be seen. It is JohnWheeler who propounded the concept of black hole. 

11. QUASARS is an astronomical body which emits energy in very large quantity. 
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Red Shift and Blue Shift Phenomena UPSC Pre 

Redshift and blueshift describe how light changes as objects in space (such as stars or galaxies) move closer or 
farther away from us. The concept is key to charting the universe's expansion.Visible light is a spectrum of colors, 
which is clear to anyone who has looked at a rainbow. When an object moves away from us, the light is shifted to the 
red end of the spectrum, as its wavelengths get longer. If an object moves closer, the light moves to the blue end of 
the spectrum, as its wavelengths get shorter. 

To think of this more clearly, the European Space Agency suggests, imagine yourself listening to a police siren as the 
car rushes by you on the road. "Everyone has heard the increased pitch of an approaching police siren and the sharp 
decrease in pitch as the siren passes by and recedes. The effect arises because the sound waves arrive at the listener's 
ear. 

 

 

Sound and light 

This sound effect was first described by Christian Andreas Doppler and is called the Doppler effect. Since light also 
emanates in wavelengths, this means that the wavelengths can stretch or crunch together depending on the relative 
position of objects. That said, we don't notice it on daily-life-sized scale because light travels so much faster than the 
speed of sound — a million times faster, ESA noted. 

American astronomer Edwin Hubble (who the Hubble Space Telescope is named after) was the first to describe the 
redshift phenomenon and tie it to an expanding universe. His observations, revealed in 1929, showed that nearly all 
galaxies he observed are moving away, NASA said. 

"This phenomenon was observed as a redshift of a galaxy's spectrum," NASA wrote. "This redshift appeared to be 
larger for faint, presumably further, galaxies. Hence, the farther a galaxy, the faster it is receding from Earth." 

The galaxies are moving away from Earth because the fabric of space itself is expanding. While galaxies themselves 
are on the move — the Andromeda Galaxy and the Milky Way, for example, are on a collision course — there is an 
overall phenomenon of redshift happening as the universe gets bigger. The terms redshift and blueshift apply to any 
part of the electromagnetic spectrum, including radio waves, infrared, ultraviolet, X-rays and gamma rays. So, if radio 
waves are shifted into the ultraviolet part of the spectrum, they are said to be redshifted — shifted toward the lower 
frequencies. The redshift of an object is measured by examining the absorption or emission lines in its spectrum. 
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These lines are unique for each element and always have the same spacing. When an object in space moves toward 
or away from us, the lines can be found at different wavelengths than where they would be if the object were not 
moving (relative to us). 

Redshift is defined as the change in the wavelength of the light divided by the wavelength that the light would have 
if the source was not moving — called the rest wavelength. 

The Solar System 

The solar system consists of the Sun; the eight official planets, at least three “dwarf planets”, more than 130 satellites 
of the planets, a large number of small bodies (the comets and asteroids), and the interplanetary medium. (There are 
probably also many more planetary satellites that have not yet been discovered.)  

The source of energy for the Sun is the nuclear fusion in which hydrogen changes into helium. 

The main asteroid belt (not shown) lies between the orbits of Mars and Jupiter. The planets of the outer solar system 
are Jupiter, Saturn, Uranus, and Neptune (Pluto is now classified as a dwarf planet): 

The first thing to notice is that the solar system is mostly empty space. The planets are very small compared to the 
space between them. Even the dots on the diagrams above are too big to be in proper scale with respect to the sizes 
of the orbits. 

The orbits of the planets are ellipses with the Sun at one focus, though all except Mercury are very nearly circular. The 
orbits of the planets are all more or less in the same plane (called the ecliptic and defined by the plane of the Earth’s 
orbit). The ecliptic is inclined only 7 degrees from the plane of the Sun’s equator. The above diagrams show the 
relative sizes of the orbits of the eight planets (plus Pluto) from a perspective somewhat above the ecliptic (hence 
their non-circular appearance). They all orbit in the same direction (counter-clockwise looking down from above the 
Sun’s north pole); all but Venus, Uranus and Pluto also rotate in that same sense. 

Sizes of the Planet 
The above composite shows the eight planets and Pluto with approximately correct relative sizes. 

One way to help visualize the relative sizes in the solar system is to imagine a model in which everything is reduced 
in size by a factor of a billion. Then the model Earth would be about 1.3 cm in diameter (the size of a grape). The 
Moon would be about 30 cm (about a foot) from the Earth. The Sun would be 1.5 meters in diameter (about the 
height of a man) and 150 meters (about a city block) from the Earth. Jupiter would be 15 cm in diameter (the size of 
a large grapefruit) and 5 blocks away from the Sun. Saturn (the size of an orange) would be 10 blocks away; Uranus 
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and Neptune (lemons) 20 and 30 blocks away. A human on this scale would be the size of an atom but the nearest 
star would be over 40000 km away. 

Not shown in the above illustrations are the numerous smaller bodies that inhabit the solar system: the satellites of 
the planets; the large number of asteroids (small rocky bodies) orbiting the Sun, mostly between Mars and Jupiter 
but also elsewhere; the comets (small icy bodies) which come and go from the inner parts of the solar system in 
highly elongated orbits and at random orientations to the ecliptic; and the many small icy bodies beyond Neptune in 
the Kuiper Belt. With a few exceptions, the planetary satellites orbit in the same sense as the planets and 
approximately in the plane of the ecliptic but this is not generally true for comets and asteroids. The classification of 
these objects is a matter of minor controversy. Traditionally, the solar system has been divided into planets (the big 
bodies orbiting the Sun), their satellites (a.k.a. moons, variously sized objects orbiting the planets), asteroids (small 
dense objects orbiting the Sun) and comets (small icy objects with highly eccentric orbits). Unfortunately, the solar 
system has been found to be more complicated than this would suggest: 

➢ there are several moons larger than Pluto and two larger than Mercury; 
➢ there are many small moons that are probably started out as asteroids and were only later captured by a 

planet; 
➢ comets sometimes fizzle out and become indistinguishable from asteroids; 
➢ the Kuiper Belt objects (including Pluto) and others like Chiron don’t fit this scheme well 
➢ The Earth/Moon and Pluto/Charon systems are sometimes considered “double planets”. 
➢ Other classifications based on chemical composition and/or point of origin can be proposed which attempt 

to be more physically valid. But they usually end up with either too many classes or too many exceptions. 
The bottom line is that many of the bodies are unique; the actual situation is too complicated for simple 
categorization. In the pages that follow, I will use the conventional categorizations. 

The eight bodies officially categorized as planets are often further classified in several ways: 

➢ By composition: 
• terrestrial or rocky planets: Mercury, Venus, Earth, and Mars: 
• The terrestrial planets are composed primarily of rock and metal and have relatively high 

densities, slow rotation, solid surfaces, no rings and few satellites. 
• jovian or gas planets: Jupiter, Saturn, Uranus, and Neptune: 
• The gas planets are composed primarily of hydrogen and helium and generally have low 

densities, rapid rotation, deep atmospheres, rings and lots of satellites. 
 

➢ By size: 
 

• small planets: Mercury, Venus, Earth, Mars. 
• The small planets have diameters less than 13000 km. 
• giant planets: Jupiter, Saturn, Uranus and Neptune. 
• The giant planets have diameters greater than 48000 km. 
• The giant planets are sometimes also referred to as gas giants 

 
➢ By position relative to the Sun: 

 
➢ inner planets: Mercury, Venus, Earth and Mars. 
➢ outer planets: Jupiter, Saturn, Uranus, Neptune. 
➢ The asteroid belt between Mars and Jupiter forms the boundary between the inner solar 

system and the outer solar system. 
 

➢ By position relative to Earth: 
 

➢ inferior planets: Mercury and Venus. 
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➢ closer to the Sun than Earth. 
➢ The inferior planets show phases like the Moon’s when viewed from Earth. 
➢ Earth. 
➢ superior planets: Mars thru Neptune. 
➢ farther from the Sun than Earth. 
➢ The superior planets always appear full or nearly so. 

 
➢ By history: 

• classical planets: Mercury, Venus, Mars, Jupiter, and Saturn. 
• known since prehistorical times 
• visible to the unaided eye 
• in ancient times this term also refered to the Sun and the Moon; the order was usually 

specificied as: Saturn, Jupiter, Mars, Sun, Venus, Mercury and Moon, based on the time for 
them to go “all the way round” the sphere of the “fixed” stars). 

• modern planets: Uranus, Neptune. 
• discovered in modern times 
• visible only with optical aid 

 

Sun 

Outer visible part is photosphere— outer layer visible only during solar eclipse is known as corona—storm of hot 
atoms which dissipates from the photosphere overcomes its gravity and goes into the outer space is known as solar 
flares. When the solar flares reach the earth’s atmosphere, after colliding with the air and dust particles, it produces 
spectacular effect. In the North Pole, this is seen as Aurora Borealis and in the Southern Pole as 

Aurora Australis. The region from where the solar flares originates, some dark spots are seen, and these are called 
sun spots. The spots are colder regions of the Sun.Sun spots produces strong magnetic radiations which hamper the 
wireless communication system on earth. Sun spots appear and disappear after evry 11 years. ISRO has launched a 
satellite called Aditya to study the sun. 

Planets : 

These are the celestial bodies, originating from the sun and revolve around it. They do not have their own light and 
receive light and heat from the sun. All the planets revolve around the sun from west to east except Venus and 
Uranus that revolve clock wise. The biggest planet of the solar system is Jupiter where as Mercury as smallest. Out of 
8 planets, Mercury, Venus, Earth, and Mars are called terrestrial planets being similar to earth. Planets beyond mars, 
Jupiter, Saturn, Uranus, Neptune are called Jovian giant planets because of similarity with structure of Jupiter. 

MERCURY 

Nearest to Sun—smallest planet of solar system—revolves from west to east—completes one revolution in 88 days—
life is absent on this planet because of extremities of atmospheric conditions—has no natural satellites—mercury 
and Venus are called interior planets because of being in the inner zone of the Earth and Sun—Mariner10 was the 
only artificial satellite that surveyed the surface of mercury revealing the mountains, craters, and plains on the 
surface. It exhibit extreme kind of pattern with one side being towards sun show thousands of degree Celsius while 
shadow zone show hundreds in minus. 

VENUS 

Revolves from east to west—has no natural satellites—completes one revolution in 225days—nearest planet to the 
earth—seen in the east in the morning and in the west in the evening hence it is called morning star and evening 
star respectively—being almost similar to earth in size and mass it is called sister planet—its atmosphere is mainly 
composed of CO2(90-95%),which produces pressure cooker condition—brightest object seen in the sky after the sun 
and the moon. 
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EARTH 

Third planet from the sun—fifth largest planet of the solar system—lies between orbits of venus and mars—rotates 
on its axis from west to east—tilted on its axis by 23 ½0—takes 365 ¼ days to complete one revolution—only planet 
where life exists—it looks blue from outer space because of presence of large water body—has only one natural 
satellite moon. 

MARS 

Also called Red planet—has two natural satellites- Phobos and Demos—after earth, only planet where possibility of 
life exists—the highest point on this planet is NICKS OLMPIA— atmosphere on this planet is very thin.”Mars odyssey” 
was the artificial satellite launched to observe the presence of atmosphere and glacial water. 

JUPITER 

Largest planet of the solar system—has 28 natural satellites—Ganymede is the largest satellite of this planet as well 
as solar system—Ayo, Europa, Calisto, Almethia, etc are other satellites—atmosphere of this plant is composed of 
Hydrogen, Helium, Methane, and Ammonia—it possesses qualities of both star and planet as it has its own radio 
energy—its most distinguish feature is the great red spot—this planet is called miniature solar system. 

SATURN 

It is called gaseous globe galaxy like planet—it has7 rings which are composed of small particles,which go round 
planet due to its gravitational force—it appears yellow in the sky— it has 30 natural satellites among which titan is 
the largest—titan appears orange like mars—other satellites are Mimansa, Dion, Ensiladu, Tethys, Riya, Hyperion, 
ipapetus and Phobe—it has same atmosphere like Jupiter. 

 

URANUS 

It is called lying planet due to higher inclination of its axis—it appears green—it revolves from east to west—it 
completes one revolution in 84 years—it has 5 rings around it named Alpha, Beta, Gama, Delta, Epsilon—it has 27 
natural satellites. 

NEPTUNE 

It was discovered by a German astronomer Johan Galle—its atmosphere is dense consisting of Hydrogen, Helium, 
Methane, Ammonia—it has 8 natural satellites-Tritan and Mereed are important among them. Pluto was discovered 
in 1930 by Clyde Tombagh and was considered ninth and smallest planet. But at the summit of International 
Astronomical Union at Prague in 2006,scientistswithdrew the status of planet from it. They gave new definition of 
planet acoording to which,such a solid body which is large enough to gravitate itself, is spherical and revolves 
around the Sun,will come under the category of planet. Moreover,its orbit should not interfere with that of its 
neighbouring planet. The problem with Pluto was that its orbit overlaps with the Neptune. The idea of considering 
Ceres, Charon,and Eris (2003UB313/Xena) as planets too was rejected. Under the new definition these are placed 
under the category of dwarf planets. Yet again speculations started to induct Cerus and Pluto in the solar system. 
Although no official statement has been issues in this regard, we may witness new induction soon enough. 

SATELLITES: 

These are the celestial bodies which revolve their respective planets and around the sun as well. Like planets, 
satellites also do not have their own light and shine with the light of the sun. Like planets their orbits are elliptical. 
Moreover different countries have established many artificial satellites which have been launched to cope up with the 
revolution of the earth. Generally, remote sensing satellites is established in Sun-synchronous orbit while 
communication satellite, in the orbit of Geo-stationary. Their distance from the earth is 600- 1100km and 36000km 
respectively. 

METEORS AND METEORITES : 

Meteors are the celestial bodies composed of dust and gases. After coming under the influence of earth’s gravity, 
they move with a great velocity towards the earth. But, due to collision with the particles of the atmosphere they 
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burn and get converted into ash. Meteors which are large in size and do not burn completely and reach the surface 
of the earth are called meteorites. Fireballs are bigger meteoroids, approximately ranging in dimension anywhere 

from a basketball to a Volkswagen. They also make very imposing sky exhibits as they smash into fragments & burn 
up in their way through Earth's atmosphere. Some meteoroids endure passage through the atmosphere of Earth & 
hit the ground. These are known as meteorites. 

COMETS 

These are the bodies composed of dust, gases and ice which come from the colder and darker areas, away from the 
sun they go around the sun in large and irregular orbits. They are comparatively small, flimsy, erratically shaped 
bodies. They are left over from solar system formation procedure. Comets are icy dirtballs that form in outer solar 
system. The icy surface is entrenched with grit, dust & particles from space. Several comets have elliptical orbits that 
cut athwart the orbits of planets, taking them very close to the sun & then swinging them far away. The most far-off 
comets may take more than 30 million years to complete 1 orbit. While moving in their orbits, when they come very 
close to the sun, they start glowing with a bright gaseous tail always pointing away from the sun. Many a times, 
comets are visible to the naked eyes and present a very spectacular sight. COMET HALLEY discovered by Edmund 
Halley, returns after every 76 years it canbe called a long period comet. Last time it was seen in 1986. According to 
the astronomersthere are about 1 lakh comets wandering in the solar system. 

ASTEROIDS 

These are found between the orbits of mars and Jupiter .these are celestial bodies with sizes ranging from a few 
meters to hundreds of kilometers of diameter, revolving around the sun. They have originated by the disintegration 
of the planets. 

Planets according to their decreasing size: 

1. Jupiter 2. Saturn 3. Uranus 4. Neptune 5. Earth 6. Venus 7. Mars 8. Mercury 

Planets according to their decreasing mass : 

1. Jupiter 2. Saturn 3. Neptune 4. Uranus 5. Earth 6. Venus 7. Mars 8. Mercury 

Planets according to their decreasing density : 

1.Earth 2. Mercury 3. Venus 4. Mars 5. Neptune 6. Jupiter 7. Uranus 8. Saturn 

Planets according to increasing revolution 

1. mercury 2. Venus 3. Earth 4. Mars 5. Jupiter 6. Saturn 7. Uranus 8. Neptune 

Terrestrial planets 

1. Mercury 2. Venus 3. Earth 4. Mars 

Jovian planets ( Gaseous ) 
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Jupiter , Saturn , Uranus, Neptune 


