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The Redshift Problem
Geroch’s paradox
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Quantum Limitation
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Strategy of the Proof

ASgen — ASBH + AS'(;-utsinzle

e Find minimum ASggy
e Find maximum entropy loss outside
e Compare the two



Black Hole Entropy Increase

Sip = (zIn2)7 "la .

Syn: black-hole entropy.
o rescaled horizon area.
0 A: infinitesimal horizon area element.

v: parameter along the horizon generators.

p: convergence of the null generators.
o: shear of the null congruence.

Ts+: stress-energy tensor.

[P: null generator tangent vector.

Tho: local energy density.

x: distance from the horizon.

dV': local volume element.

1 mass of the system.

b: size of the system.
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Entropy of the Infalling System
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Bekenstein bound

Universal upper bound on the entropy-to-energy ratio
for bounded systems I'mTER
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Generalized Second Law

ASBH 2 AS{:}utside

—> ASgen > 0



Impact on Modern Physics
holographic principle

The second law asserts that, in any classical physical process, the surface
area of the event horizon cannot decrease, 1.e., 0A>0. This mirrors the
second law of thermodynamics, which states that the entropy of a closed
system does not decrease.

e Entropy « Area

e Information loss problem
e Hawking radiation

e Information paradox



S(pllo) = A(K) — ASoy
Monotonicity of relative entropy: Sre1(X1) = Srel(22)
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