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Black hole wechanties

o™ Law
K = Const(R)

surface gravity is the same everywhere on the horizon

1% Law
M = F=dA
2" Law
oA =0
=2 law
K+ 0

it's bpossible to reduce k to zero by a finite sequence of operations
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Thermod Yna ALES

o™ law
7—,4= 7—05 Tg= 7—0:>7—/4= Tg
A and B tn thermal eg. with C = A tn thermal eq. with B

1% Law
de = Tds
2% Law
s =0
2" law
T+0

it's bpossible to reduce T to zevo by a finite sequence of operations
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The 2" Law

Bekenstein-Hawking

S =nrR*?
Hawking
T= 77w
Black hole entropy
S = 1@715 72

Planck-Nernst

%_LMSS(T) = Const(T)

Gravity — < quantum physies

havd to construct quantum moodels of black holes
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Energy-Bntropy duality

_ 1 . —
S= 77 2 %%5(7;))—0
_ 1
™> =+
R

Er=S, Sp=FE

O[SD — % dED
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pual thermod Yna ALCS

15 Law
dE = 7ds — p dv + p dN
ISy = %deb+%dvb—%dr\:b
2" Law
ASp=0dE=T70dsS—pdv+udN=0
if —pdV+udN =0
2% Law
LLV\/L SD(T_D) LZWVL E(%)
Tp™ =0
Black hole: € = & = o= T 0
7
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what does Energy-entropy (6-—)0!%&% MEAN?

Electric-magnetic duality
1

E-oH H--& e—g==5 g—-e=-35
T-duality

1
EC — EC

Th=F5 =4TR & Ry= = =471T
R& =
AAS/CFT
4D black hole < 1D gquantum gas

wheeler: "t from bit"
E=.S, Ep=3S
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Holographic quantum statistics

owe dimensional gquantum gas

Ep = pPp Vp = ;271 foo (€ 7p Hp)€dE
Np = ﬁ me(ef > lub) de

Fle 7o pp) = (@ HI > 1 4)™

1 D H
Sp=+ Ept /D Vp — i/\/b

D

Ruantum effects small if

| L2 2 |<1
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Holographic quantum statistics

Owne dimensional Bose gas

_ A TRV, 1 2 loo(u) L
Er=pp Vo= 5= (o7 87#?7"2 p+ o(5))
4RV, 1 3 log(u) Il
=p = T3 (27T7'_ S T ,u+0(?))

472 v, (3log(u) 3 U
No = 5 (Grde + e 1t o))

Ruantum effects small if
H<1
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Holographic quantum model

Application for black holes
E=Sp= &5 +0(%)

if Vo=3%

S = & = 1rR*— = log(n R?) + o(=)

it =1

& log(2)
T2

N = Np =

24 Law of dual thermod ynamics holds
dv =o0dVvVp=0 and udN=0
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Holographic quantum model

Reproouced black hole properties
E~R~+, dE=TdS, E=2TS foru=o0

s =nrR* - Zlog(nrR?) + o(=%)

_ elog(2)
= —3

M/ Mp

entropy cutoff < dual Fermi/Bose distribution
energy cutott < dual Ferml/Bose distribution
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Conclustons

Black hole entropy conflicts Planck-Nernst theorem —
lt's havd to count quantum degrees of freedom in BHS

Energy-entropy duality bypasses conflict and maps
black holes to weakly interacting quantum systems

The statistical mechanics of the simplest dual quantum

systems reproduce classical black hole properties

uantum corrections to black hole entropy and energy
can also be eastly caleulated
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