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Abstract
A series of lectures on black hole thermodynamics is given at the 5th Summer Institute for
Theoretical Physics held at Pohang during Aug. 8 - 19, 2005. Some of main topics covered in the
lecture includes basic concepts on black hole, ADM quantities, black hole mechanics, black hole
entropy, and physical justifications.
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I. INTRODUCTION TO BLACK HOLES

1. Laplace’s dark heavenly body: 1798

2. Schwarzschild and Reissner-Nordstrom black holes
3. Event horizon

4. Curvature singularity

5. Penrose diagrams

II. ADM QUANTITIES

1. ‘Energy’ of the gravitational field
2. ADM mass
3. Angular momentum

4. Charges

III. BLACK HOLE MECHANICS

1. Killing horizon, Surface gravity and area of the event horizon
2. Four laws of black hole mechanics

e 0*: k = constant
e 1%t: Conservation law
e 2"d: Area theorem

e 3 Impossible to reach s = 0 in a finite number of physical processes

IV. BLACK HOLE ENTROPY

1. Black hole temperature: Hwaking radiation, Regularity of the Euclideanized black
hole

2. Bekenstein-Hawking entropy
3. Euclidean path integral method
4. Noether charge method

5. Various other methods




V. PHYSICAL JUSTIFICATIONS FOR BLACK HOLE THERMODYNAMICS

1. Hawking radiation
2. QFT in curved spacetimes

3. Quantum gravity: String theory, Loop gravity

VI. SUMMARY
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