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Why General Relativity?

❖ In 1905 Einstein Published four seminal papers

❖ On Electrodynamics of Moving Bodies

❖ On a Heuristic Point of View about the Creation and 
Conversion of Light

❖ Investigations on the Theory of Brownian Movement

❖ Does the Inertia of a body depend on its Energy 
Content?

❖ Special Theory of Relativity. 



1905 Special Relativity

❖ Time slows in fast moving systems

❖ length contracts in fast moving systems

❖ Speed of light is constant in all reference frames



Thought Experiment: The Special Rotating 
Disk

❖ Different radii, velocity is different, length contracts 
outwards, the ratio of circumference to radii is not 2p !

❖ Space gets distorted! Geometry is no longer Euclidean

❖ Non-Uniform velocity   Non-inertial: Accelerating 
systems

❖ General Theory of Relativity



Acceleration & Gravity

❖ Fly on a plane, and for few 
minutes-fall freely at 9.8 m/s^2, 

and there is no Gravity

Acceleration=Gravitation
Principle of Equivalence

Image Credit: Zero Gravity 



General Relativity and Curved Space-time

❖ November 18th-25th 1915 Einstein presented the new 
theory in lectures at the Prussian Academy of Sciences  

MatterGeometry

Image Credit: PAS

These equations had the correct Newtonian Limit



100 years later

❖ LISA pathfinder 
launches on Dec 3

Black hole devours a 
star

Image Credit: ESA, NASA 



Einstein 

❖ Born in 1879 in Ulm, Wurttemberg, Germany.

❖ Graduated from Swiss Federal Polytechnic in Zurich

❖ Joined as a Swiss Patent Clerk in 1902

❖ Published four papers in 1905

❖ Published his General Theory of Relativity in 1915

❖ Was awarded the Nobel Prize in 1921 for his work on the photoelectric effect

❖ Joined Institute of Advanced Studies in the US in 1933 due to Nazi rule in 
Germany

❖ Died 1955 April in Princeton

Image Credit: Nobel Foundation, Einstein  Galaire



Friends of Einstein

❖ Marcel Grossmann, Michele Besso, Mileva Maric.

Image credit: Einstein online



Immediate Uses of GR

❖ Perihelion Precession of Mercury; General Relativity 
precisely predicted 43 arc seconds or 0.0119 degrees 
per century precession, discrepancy in Newtonian 
gravity with observations.

❖ Bending of light due to Sun 

Image Credit: Wikipedia



Curvature of space-time

❖ Parallel lines never meet in flat space-time

❖ Curved space-time, parallel `geodesics’ or shortest paths 
connecting two points eventually meet/diverge. Thus `geodesic 
deviation’ can be used to measure curvature of space-time.



The Black Hole Story

❖ In 1796 Pierre Laplace tried to find the escape velocity 
of light from Earth’s gravitational field

Earth’s mass has to be confined within few cms!



Schwarzschild Solution
❖ In 1916 Karl Schwarzschild found the exact solution to 

Einstein’s vacuum solution with spherical symmetry. (first 
appeared in a letter to Einstein on 22nd December 2015)

Image Credit: Lantern Hollow Press



Gravitational Collapse
❖ Chandrasekhar’s Limit : stars which are heavier than 1.39 solar masses 

collapse under their own gravity into their Schwarzschild radius  (1930)- Black 
Holes

Image Credit: NASA

First Solar Mass Black hole to be 
observed: Cygnus X-1 






Gravitational Lensing
❖ As Early as April 1912 Einstein had anticipated gravitational lensing. 

The first experimental confirmation came in 1979.

❖

Double quasar was actually a double image of one quasar

Einstein Ring

Image Credit: Jodrell bank 



Time Warps and Worm Wholes

http://demonstrations.wolfram.com/TheAlcubierreWarpDrive/

FASTER THAN LIGHT TRAVEL!



Time Travel?

❖ If theoretically time machines exist, then time travel will happen if not today then 
tomorrow…….

❖ We are always travelling in time, we travel to tomorrow then the next day and so on….

❖ Can we accelerate/decelerate this time-travel? Yes- time dilation happens, astronauts 
clocks are always slower by a few milliseconds

❖ If we orbit round a black hole we will have clocks much slower than earth, and live much 
longer 

❖ One –day technology will facilitate near speed of light travel, which will be `time-travel’

Can we travel backward in time?



Closed-time like Curves

❖ Yes-naturally in a Goedel space-time

❖ An exact solution of Einstein equation

with spiralling dust and cosmological 

constant. 



Gravity Waves

❖ As early as 1915 Einstein had predicted gravity waves, 
or ripples of space-time.

❖ Indirect evidence exists of these gravity waves

❖ But we are now desperately seeking gravity waves from 
direct observations.



The Elusive Gravity Waves

❖ e-Lisa is a gravity wave interferometer with arms millions of 
Kms in length, it should be up in space by 2034. Lisa 
pathfinder is being sent up to test the technology used.  

❖ LIGO is a ground based interferometer functional since 
September 14th 2015.(Hanford and Lousiana)

Image Credits: ESA, LIGO



and Elusive-?Quantum Space-time



Black Hole Thermodynamics!!

❖ dE= TdS+ PdV 

❖ dS>0

❖ Entropy, Temperature   
S. W.  Hawking, J. Bekenstein, 



Elusive-? Quantum Gravity

❖ The black hole coherent state: due to quantum 
uncertainty the singularity at the center of the 
black hole is no-longer there- A. Dasgupta



The Universe is a thermal state

-A. Dasgupta: Quantum Physics+ Thermalisation=Quantum Gravity
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