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APPETIZER

Very Early Indian Cosmology [Source: Gravitation, by C.W.
Misner (University of Maryland), K.S. thorne (California
Institute Of Technology) and J.A. Wheeler (Princeton
University), 1973, 1279 pages,]
Time is awake when all things sleep
Time stands straight when all things fall
Time shuts in all and will not be shut
Is, was, and shall be are Time’s children
O reasoning, be witness, be stable.

APPETIZER

4,320,000,000 years of human reckoning constitute a single
day of creator.
I have known the dreadful dissolution of the universe.
I have seen all perish, again and again, at every cycle.
At that terrible time, every single atom dissolves into the
primal, pure waters of eternity, whence all originally arose.

APPETIZER

Avicenna (980-1037): Time is the measure of motion.
Space is a form abstracted from matter and existing only in
the consciousness.
Etiene Tempier (1277): One could not deny the power of God
to create as many universes as He pleases.

APPETIZER

Giordano Bruno (1600): Thus let this surface be what it will, I
must always put the question, what is beyond? If the reply is
NOTHING, then I call that the VOID or emptiness. And such
a Void or Emptiness hath no measure and no outer limit,
though it hath an inner; and this is harder to imagine than is
an infinite or immense universe.

APPETIZER
Isaac Newton (1692): If the matter of of our sun and planets
and all the matter of the universe were evenly scattered
throughout all the heavens, and every particle had an innate
gravity toward all the rest, and the whole space throughout
which this matter was scattered was but finite, the matter on
the outside of this space would, by its gravity, tend toward all
the matter on the inside and, by consequence, fall down into
the middle of the whole space and there compose one great
spherical mass. But if the matter was evenly disposed
throughout an infinite space, it could never convene into one
mass ; but some of it would convene into one mass and some
into another, so as to make an infinite number of great masses
scattered at great distances from one to another throughout
all that infinite space.

A STORY

Isaac Newton had a dog named diamond. On one unfortunate
day Diamond and Newton were in play.The dog knocked over
a candle placed on his study table. It laid to a bonfire and his
research papers were turned to ash for which he toiled for
twenty years. He too was in tears, felt very sad. He picked up
the dog, caressed him and said “O Diamond, thou little
knowest the damage thou hast done”. Later, in one year he
recovered the lost research. COROLLARY: Forebearance and
Kindness matters.

GENERAL RELATIVITY, COSMOLOGICAL
CONSTANT
Albert Einstein (1915):Interpreted Gravitation as a
manifestation of Geometry; and formulated General Theory Of
Relativity:
Rij = 8πTij .
Discovered a cosmological model that turned out to be
non-static and so introduced his famous Cosmological
constant Λ to make his model static. Later observation by
Edwin Hubble (1929) showed that the universe is expanding,
and then Einstein dropped his cosmological constant and
called it the biggest blunder of his life.

A STORY
Albert Einstein’s wife was very social and so she used to
persuade him to go to parties. But Einstein was lost in his
thoughts about gravitation and cosmology, and could not pay
attention. At one special occasion she brought a nice hot cup
of tea and requested him to accompany her to the party. As
usual, he turned deaf ears to her special request. She followed
Newton’s third law: To every action there is an equal and
opposite reaction, and threw the hot cup on his face. This
woke him up from his thoughts, and he said ”‘everyday I used
to hear thunders, but today I also received hot showers.
COROLLARY:
An ideal marriage occurs between a deaf husband and a dumb wife.

STELLAR MODEL
Karl Schwarzschild (1916) used Einstein’s equations to get the
model of an isolated star like our sun: Line-element:
ds 2 = −[1 − 2M
]dt 2 + [1 − 2M
]−1 dr 2 + r 2 (dθ2 + sin2 θdφ2 ).
r
r
The region r = 2M is the event horizon and r < 2M is the
black hole containing the singularity at r = 0. A star is formed
when a cloud of gas is drawn together by gravity, as its density
increases it gets hotter and nucleus burning begins.
Gravitational tendency toward contraction is balanced by
pressures from the hot dense core (like our Sun). Eventually,
the supply of nuclear fuels may run low and gravitational
contraction may begin.

THREE SCENARIOS
Case I: Mass ¡ 1.25 Solar Mass. Collapsing star stabilizes as a
White Dwarf. Radius 5000 Kilometers, Density 106 gms/c.c.
Case II: Mass approx. 1.4 Solar Mass (Chandrasekhar Limit).
Collapse continues stripping atomic nuclei of their electrons
and packing them together as a Neutron Star. Radius 10
Kms., Density 101 4 gms./c.c. (like billions of tons per
teaspoon). Case III: Mass ¿ 1.4 Solar Mass. The star may not
manage to eject sufficient mass and a catastropic collapse
ensues and within a fraction of a second an end state is
reached forming a black hole singularity (zero radius and
infinite density. Reminiscent of the Movie: INTERSTELLAR)

GALAXIES

A galaxy is a gravitationally bound system of stars, stellar
remnants, interstellar gas, dust and dark matter
Types: Elliptical, Spiral and Irregular. Many Galaxies have
black holes at their centers.
Milky way’s central black hole is Sagittarius A* with mass 4
million times greater than Sun.
GN-z11 Oldest and most distant observed galaxy, 32 billion
light years away, existed 400 million years after Big Bang.

STANDARD COSMOLOGICAL MODEL
Einstein’s equations are highly nonlinear and hyperbolic.
Solutions require symmetries. Assuming isotropy and
homogeneity,
and perfect fluid structure, Alexander Friedmann (St.
Petersburg, 1922) found the path-breaking solution in terms of
the scale function S = S(t) and the curvature k of the
universe at a particular time. The energy density ρ and
pressure p satisfy two nonlinear ordinary differential equations.
These can be solved numerically up to time about 10−45
seconds after Big Bang. Exact solution was found by
Friedmann by assuming the universe to be a dust (each dust
particle as a galaxy) for which pressure p = 0. For k > 0, we
find a compact (closed) cyclic model with a Big bang and a
Big Crunch. For k = 0 we have a flat open model and k < 0
gives hyperbolic open model; both expand forever.

DARK ENERGY

Type Ia Supernova is used as standard candels to measure how
fast the universe has expanded in the past. Data indicates that
universe is expanding at an accelerating rate. This implies the
existence of Dark energy. It can be interpreted as the vacuum
energy that could be most possibly the cosmological constant
Λ. As Λ is too small, we cannot compare it as Quantum
vacuum energy.

DARK MATTER
Dark matter is a hypothetical type of matter different from
dark energy and baryionic matter (like protons and neutrons).
Does not emit or interact with electromagnetic radiation (for
example, light) and so, is not visible. Its existence is inferred
from its gravitational effects such as motion of visible matter
and its influence on galaxies. In 1933, Fritz Zvicky (Cal Tech)
observed COMA galaxy cluster and found the evidence of dark
matter. Cluster had 400 times more mass than was expected.
Candidates for dark matter are
WIMPS (Weakly interacting massive particles) and MACHOS
(Massive compact halo objects). Most of the dark is believed
to be Cold Dark Matter because they are slowly moving and
hence are non-relativistic.

