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1 The Prolalem

o Whatis the ultimate information storage cal:)acitg of a

,: Phgsical system 7

* emphasis on storage, not communication

® emphasis on Phgsica”g signiﬁcant Parameters

* emphasis on “ultimate”
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Black holes in natural settings

+ Collapse of star at end of its active life
+ S ellar mass black ho|e; 2~-20 MO

% POWCFhOUSCS OF some OF thé galactic X—-rag sSOuUrces
*

+ Aggregation of smaller black holes in galaxg’s core

- supermassive black hole; 106409 MO

e < POWCT’hOUSCS O‘F quasars |

+ Co“al:)se of overdense regions ear|9 N universe

% Erimorc]ial black holes 10124050 Kg
*

9Pothetica|; may lurk evergwhere
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The black hole horizon

m = GM/c g == a=J/mc

r. =m + v/m2 — a2 cos?




“Black holes have no hair” (Wheeler 1969)

* The Kerr-Newman Familg - the totalit9 of equilibrium
black holes

* On condition that onig allow gravitg and

electromagnetism - NO more Parameters

* Truein competing theories

e (g presence of extra interactions excel:)tions occur
+ black holes with scalar fields
% coiorecl biack holes

+ black holes with magnetic monol:)oie

o — S il e I e R e S o ..

[

|
'
Fi
!
B
L]

I3



Whg black hole thermoclgnamics ?
| * Analogg ~few Parameters

* orclinarg systems: E,V, N
* black hole: M, Q,J
+ Contradictions
. orclinaxy systems: thermoo‘gnamical - second law
* black hole: mechanical

- combined sgstem: violates second law
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Hawking radiance (1974)

+ Quantum fields in black hole grav. field \

) J SPontaneous emission

Ve

o Thermal character

® spec’trum ~ Planckian

© mocles - UﬂCOTT'ClatCCl

¢ statistics - black bocﬂg radiation \
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Evidence for generalizecl second law (GSL)

Black hole mergers

area theorem (Clﬁristocloulou, Fenrose & l:logcl,

Hawki ng 1970)
total black hole entrol:)g Increases

some (gravitational) radiation entrol:)9 Proclucecl

Infall into black hole

matter entropg decreases

black hole entropy INcreases

sum of the two increases (1972-74)
Hawking radiation

radiation entropy INcreases

black hole entrol:)9 decreases

sum of the two increases (1975)
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Rest mass c:]uanclar9
- 1
R

' N massive nonrelativistic bosons

lowest lging states have energies of O?/uR?)

total energy E = O(NR?/uR?)

make 2 ‘E'R /RAC as sma” as 9ou'want.

Hence can violate the bound !

Wrong: Forgot the rest mass Part of E!










ENERGY/FIRST LEVEL
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UﬂiVCf’SBI Cﬂtf’OPﬂ ]Z)OUI"lCl * summarg

S <2 ER /hc
© originatecl from black hole Phgsics
® [is gravitating energy

© sgstem must be complete) isolated

® s examl:)le tested

© may fail for strong lg gravitating or ral:)ic”9 evolving
sgstems

© tightest of known bounds
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Holograpl'wic entropg bound
Ct Hooft 1993; Gonzales-Diaz 198%)

e Aareaof any closed circumscri]:)ing surface

© s examl:)le tested S < CSA/4hG s
¢ includes G %
o valid for weak and strong sehc—-gravitg

o fails for ral:)icllg evo|ving systems

€5 overly generous

it —=leCindesti—il">

S 2 x 103%; universal
— | 1 x 10%; holographic



How do we know 7 (Susskind 1995)
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S < B A/ARG

A - area of surface with
fixed sign of Gaussian

curvature

. 5 entropg that is
28 lluminated bﬂ “light

rags” up to caustics

®
.
: I but still overlg generous o
.
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Bousso covarant entropy !Z)OUﬂCl
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covariant

example testecl

valid for strong gravitg

valid for rapic”g evolving systems |
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Quantum buogancg
Unruh effect 1976) Tu = QE—aC £
CL:CQi<1—ZGM/TCQ)1/2 2
dr
\Y
®
E = W =TpgH Srad / :

Unruh and Wald (1982
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Not evergthing 1S SO simple

For r — 2GM/c* < 2GM/c?,

Buogant force drops raPicllg with 7
1. DroP sphere from a few radii out

o) buoyancg makes little difference

Weak version of universal bound
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More Preciselg

b) Account for buogant force in detall

@ fluid model of radiation a poor one (1999)

@ wave scattering Problem

N h
180 ER

0) the important Parameter
take o> 1

at ﬂoating Bt B iand tASgi < Sead
Sy > 2 ER /hc

now consider o < 1
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formo(r) 61,440 2 m3
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choose Parameters SO that IS

~— 217, —— unchangecl overall
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intropg accounting
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Srad:8 ER/FlC Srad_S>O

Seeats ER /hc
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