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In the first part I will start from Earth and 
show how it is placed with respect to the rest 
of the Universe
In the second half I shall focus on theories of 
cosmogony, evolution and the future of our 
Universe
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The average distance between 
the Sun and the Earth is called 
the Astronomical Unit

1 AU = 150 million km

Distance to nearby stars can be 
measured by their parallax. A 
parallax of one arc second is 
defined as one parsec 

1 pc = 3.26 light years

Or

31 trillion kilometers

Larger distances are often 
measured in mega parsecs or 
Mpc

5



6



7



Our Sun is a typical star (G4) and is about 10 
pc away from the centre of our Galaxy
Our Galaxy, also called the Milky Way, can be 
seen on a clear night as a faint band running 
through the constellation Sagittarius
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Galaxies come in various 
shapes and sizes, containing 
10s of millions to 100 billion 
stars. 

Most of the large galaxies are 
shaped like  a spiral or  are 
elliptical.

The elliptical galaxies contain 
little or no net sense of rotation

Spiral galaxies possess net 
angular momentum and rotate 
around their centers.  
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Galaxies are gravitationally bound systems 
On still larger scale we find that galaxies are 
organized in local groups and clusters
On still larger scales the clusters are 
organized in the form of super clusters that 
are only weekly bound by gravity and are still 
evolving
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Grand Design
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1915 Einstein publishes the general theory of relativity and introduces a cosmological constant 
term to find a static solution

1922 Alexander Friedman finds an expanding solution using the general theory of relativity

1927 Lemaitre predicts that the Universe must have started small, expanding outwards

1929 Edwin Hubble observationally shows that all galaxies recede away from us with their 
velocity proportional to their distance

1946 George Gamow , Robert Dicke and Hermann Bondi predict the presence of a background 
radiation produced shortly after the beginning

1948 Fred Hoyle and Thomas Gold publish the Steady State theory, Hoyle mockingly calls the 
universe starting from a singular state as Big Bang

1965 Penzias and Wilson serendipitously discover the relic radiation, known as the Cosmic 
Microwave Background radiation, thus proving Gamow’s ideas
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The scale factor a(t) can be thought as distance 
between two points

K controls the overall geometry of the universe
K=0  implies a spatially flat geometry
K=1  implies a closed sphere like geometry
K=-1 implies an open saddle like geometry 
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Here is a derivation of Hubble’s law

However, it works only for small distances!

For large distances light takes a long
time to reach us and the scale factor
changes during this time, thus a local 
approximation cannot be used
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Hubble law manifests as a change
In frequency f of light

This derivation shows how the 
redshift z and the scale factor
Are related

Derivation is valid only  for small
distances but the result is exact



The curvature of the
Universe depends on the
total amount of matter
present in the Universe

And is controlled by a 
critical density   
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1. Newton’s law of gravity for circular orbits: 

2. Doing the same for velocity dispersion in the hot galaxy clusters

3. Gravitational lensing by galaxies and galaxy clusters

4. Geometrical tests, such as Luminosity distance test and angular
diameter distance test

rGMvc /2 =

Others…
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Galaxy NGC 3198 in optical and radio, rotation curve extends
Far outside the optical disc



This shows that much of the matter in the universe is dark  this is 
known as Dark Matter

However, this cannot be completely baryonic

There are stringent constraints on how much dark matter can be there 
from Big Bang nucleosynthesis argument, which shows that only 2% of 
total density can be baryonic!

Structure formation in the universe will be adversely affected if all of 
this matter is baryonic since it has pressure and resists gravitational 
collapse when it is hot

Observations of galaxies and clusters show that matter is 
concentrated at the centre 

Direct searches for dark baryonic objects, such as brown dwarfs, black 
holes and others find very little of it
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Know one really knows

Possible candidates are WIMPs: Weakly Interacting Massive 
Particles

Massive neutrinos? – almost certainly no

Search continues…

Could something be wrong with our understanding of gravity?
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Galaxy surrounded by a huge dark
halo

Milkyway: Sun moves 60Km/s
Faster than inferred from light
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All the methods mentioned so far tell us the total amount of matter
In the universe – baryonic and the exotic Dark matter is not more
Than 30 per cent of the amount needed to make the critical density

Is there any direct evidence for dark matter?
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37WMAP (Wilkinson Microwave Anisotropy explorer), 2003
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Thank you for your attention!


