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The equivalence principleq p p

Imagine a scientist who is measuring the period 
of a pendulum or his own weight.p g



The equivalence principleq p p

a

g

Can he recognize whether he is experiencing a
gravitational field g or an acceleration a=g ?gravitational field g or an acceleration a g ?



The equivalence principleq p p
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The equivalence principleq p p
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Gravitational blue-shift

A spacecraft with a sodium lamp on the ceilingA spacecraft with a sodium lamp on the ceiling. 
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The equivalence principle implies that 
there is a gravitational blue shift.g

g



Gravitational red shift
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White dwarf

3/532

2

3/5
eNR∝

3222 3
2 ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=

V
NE e

F
πh

2
nN2 ⎟

⎠
⎜
⎝ Vme

F

3/8−∝ eF NE npe ν+→+eF enpe ν+→+



Neutron star

The radius of a neutron star of solar mass is 
approximately 10Kmapproximately 10Km.



Black holeBlack hole



No-hair theorem

A black hole is uniquely determined by its 
mass electrical charge and angularmass, electrical charge and angular 
momentum.



   The Bekenstein-Hawking entropyg py
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Dimensional analysisDimensional analysis
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Hawking radiationHawking radiation

E h iEvent horizon



Evaporation timeEvaporation time
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singularitysingularity
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Bomb in the boxBomb in the box



Information

time

Don N Page “Information in Black hole radiation” PRL 71 (1993) 3743Don N. Page, Information in Black hole radiation , PRL 71 (1993) 3743.



Black holes as mirrorsBlack holes as mirrors

k qubits dumped into an old black hole will be 
revealed after just few more than k qubits are 

i d i h H ki di iemitted in the Hawking radiation. 

P. Hayden, J. Preskill, arXiv:0708.4025y , ,



Black hole complementarityp y
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The quantum Xerox principleThe quantum Xerox principle 
(the no-cloning principle)

Ψ

Ψ Ψ

ASUS
Typewritten Text
Leonard Susskind, James Lindesay, An Introduction To Black Holes, Information And The String Theory Revolution: The Holographic Universe



↑↑→↑

↓↓→↓

( ) ⎪
⎨

⎧ ↑↑+↓↓

↑↓
?( )

( )( )⎪
⎩

⎪
⎨

↑+↓↑+↓

→↑+↓

( )( )⎩ ↑+↓↑+↓




