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1 Overview
• From “space-time” to spacetime

• Inevitability of the fall ... or the bang

• Quantum Mechanics – seamless spacetime

• Some glimpses
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2 From space-time to spacetime ( J A Wheeler )

Principle of Equivalence
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The metric tensor, the local lightcone, and the geodesic
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Curvature and energy-momentum

Rµν−
1

2

gµνR =

8πG

c4
Tµν

Rµνρσ;λ+Rµνλρ;σ+Rµνσλ;ρ = 0

Compare Maxwell's Equations

∂µF
µν

= 4πjν

Fµν,ρ+Fρµ,ν+Fνρ,σ = 0
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• “The boundary of a boundary is zero” is all that is ensured.

• Energy-momentum and geometry are determined through
mutual dynamics.
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• Neither is energy guaranteed to be positive, nor is spacetime

geometry guaranteed to remain free of singularities.

• Hawking Penrose theoremsdeclared inevitability of singulari-
ties and helped us accept the Big Bang singularity at classical
level.

• Solution to be sought in quantum version of General Rela-
tivity.
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3 The inevitability of the fall

Theorems of Hawking and Penrose
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The energy condition
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4 Quantum generating function

• Dynamical variables of gravity
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• From wave equation to Path integral

<qout, tout
∣∣∣∣∣qin, tin>=∫!q exp

{
iℏ∫qintin

q
ottout

dt(pq̇−H)

}
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• Correlation functions and partition function
• The question of time

• Doing away with the boundary

courtesy Hertog
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5 Glimpses

• University of Texas at Austin colloquium 1983 (?)

• Strings conference TIFR 2000
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• M Theory Cosmology – “Intergalactic Conference” at Cam-
bridge
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• Cosmo conference CERN 2009
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( courtsy UAY or Y Y Keum )
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• Perimeter Institute October 2015
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Thank you !
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