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Our Universe




Plan of the talk

In the first part | will start from Earth and
show how it is placed with respect to the rest

of the Universe
In the second half | shall focus on theories of

cosmogony, evolution and the future of our
Universe









Distance Units

The average distance between
the Sun and the Earth is called
the Astronomical Unit

1 AU =150 million km NEARBY STAR

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

PARALLAX ANGLE, p

DISTANCE OF THE STAR
FROM THE EARTH, d

1 pc =3.26 light years

Or

31 trillion kilometers
e - »

Larger dlst.ances are often JULY e _JENUARY
measured in mega parsecs or

Mpc
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Solar system and the Galaxy

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












Galaxy Types

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.

Ellipticals







Larger agglomerations

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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The Geography of the Universe on the Grandest Scale

An international team of astronomers has measured the distances to more than 100,000 galaxies, allowing
them to construct the largest, most detailed map of a large section of the universe near our galaxy.

THE OBSERVATIONS . THE MAP
The directions of the two | Each dot below is a galaxy, and the team eventually plans to locate 250,000.
survey regions are shown |
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Galaxy Redshifi Survey. red end of the spectrum. estimate the amount of mass in the universe.
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Grand Design

Evolution and History




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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Tue Expanping Universe: A CapsuLe HisTory

Cosmic First Stars, Expansion
Background Stars Galaxies Accelerates
Afterglow Develop

Inflation

Dark Matter Dominates | Dark Energy Dominates
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Friedman Robertson Walker

Universe

ds® =c°dt® —a’(t)

dr *

1— kr

_+r2(dg?+d@%sin20)

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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Hubble’s Law

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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Redshift and Scale Factor

Hubble law manifests as a change

In frequency £ of light

V= Hyd = i&jd:(i&j cAt
This derivation shows how the a/, a/,
redshift z and the scale factor
Are related v_aAaa_ &—l
Derivation is valid only for small ¢ a a
distances but the result is exact f V. q,

T =1+—=—=1+2

C a
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Curvature

The curvature of the

Universe depends on the

total amount of matter

present in the Universe

And is controlled by a

critical density & o

=10¥gcm™

MAFSS000E
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How Much Matter Is there in the

Universe?

2
1. Newton's law of gravity for circular orbits: V,” =GM /r
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

28



Rotation Curve of NGC 3198
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What Do We Learn From This?

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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So what is Dark matter?

Know one really knows

Possible candidates are WIMPs: Weakly Interacting Massive
Particles

Massive neutrinos? - almost certainly no

Could something be wrong with our understanding of gravity?

Search continues...

31



Current Picture of a Galaxy
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Evidence From Gravitational
Lensing
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The Case of A2218

Gravitational Lens in Abell 2218 HST - WEPC2

PF95-14 .- ST Scl OPO - April 5, 1995 - W. Couch (UNSW), NASA




Total Matter Budget in the Universe

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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Relic Radiation
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GEOMETRY OF THE UNIVERSE

CLOSED

Fluctuations largest on halk-degres scale Fluctuations largest on Fluctuations largest on
1-degree scale dreater than 1-degree scale
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White dwarf stars

The radii of white dwarfs DECREASE with
increasing strength of gravity.

reS|st the puII of gramty and the white dwarf abruptly collapses into a neutron star.
(animation by G. Rieke) 1.4 M is called the Chandrasekar limit in honor of the

astronomer who first explained the nature of white dwairfs (and won the Nobel prize for
his work).

www.presidentofindia.nic.in
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Contents of the Universe

The Cosmic Pyramid
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Thank you for your attention
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