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The Questions !

*Can we define the entropy of gravitational systems ?

Time evolution of non gravitational system
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Question Gravity Thermodynamics

*Can we define the entropy of gravitational systems ?
Can we understand entropy production as gravity wave production?

*Is there a local and physical definition of Horizons ?

Event Horizons are teleological, thermodynamically unstable
Trapped, dynamical horizons are space like, not a physical surface.
Stretched horizons are mathematically ill-defined, only approx.

I

*What is a gravitational observer ?

By the equivalence principle, a single worldline observers do not see
geometry. Quasi-local observers are needed.

*Is there a correspondence between gravity and
thermodynamics ?
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Analogy Gravity-Thermodyamics

*There seems to be lots of evidence of a correspondence
between Black Hole physics and eq. thermo-Static.

*|s it just an analogy or is there a deeper correspondence!’
which is valid locally and beyond equilibrium.

Minwalla- Huben

Gravity-Fluid: perturbation of large BH in AdS
I

R
)\ : Mean free path
'

Kn= - <<1 Hydrodynamic limit

BH Fluid at oc
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Relativistic Hydrodynamics
oA relativistic fluid is characterised
by i velocity the particle current den
current " the thermal ene me

Charge con vation

Energy momentum canservation

second Law
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ldeal Fluid in comoving frame

Convective and transverse derivative
Du,f = _7.12(1,_)“‘ -+ du.f "U_u(_l“f = ()
n = —6n
é = —fO(e+p
(e + p) 9 = Dou®

( e + p)f[j,a —dgp |dcal expansion rate

+ eoS:d+4 eqfor  (€,1,p, s, Uq)

From now on we assume no conserved charges
T(s) = €'(s) p(s) = €'(s)s — e(s)

Page 14/28



Viscous Fluid in Landau framc

phase space distribution is expanded

ce of frame and mate hing condition
w frame

1w matching
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Viscous Fluid in Landau frame

phase space distribution is expanded

I

Choice of frame and matching condition
Landau frame

Landau matching

LiMperature
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Wit < Flui
Viscous Fluid in Landau frame

phase space distribution is expanded [
!
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Viscous Fluid in Landau frame
phase space distribution is expanded / /
o
I
Equations of motion
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Membrane paradigm Redux
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Membrane paradigm Redux

* The key idea : For an outside observer we can replace th
inside metric by a boundary energy-momentum tensor

» Yout Jout

ab
(2) r
qub

* Generalisation of Israel Junction condition  (87G) =1
A shell discontinuity do not affect the Weyl tensor!

G:t = Gab("):t(.’lf) o Tab(s‘g(.’ll)

ab

The screen posses a stress tensor
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Membrane paradigm Redux
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Membrane paradigm Redux
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The second Law
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The second Law I
Causal relativistic fluid dynamics requires relaxing local

equilibrium and keeping second order contributions

Grad- Israel-Stewart

Sa — |:8 o % (67r7r2 £ BHH : H):| ua. Muller-Israel-Stewart

The imposition of positivity can still be
done using only the  ((,7) viscosities

I

7.[.2 Habl‘[ ;
D.8% = B —1>0
. v (2 C + o ) >

L ——

After some algebra we obtain the constitutive equations
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lhe second Law and Gravity
Remarkably there exist a choice of coefficier
the constututive equation for bulk pressure i

component of Einstein equation

Constitutiv

in falling g
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Conclusion

* Profound correspondence between §
equilibrium thermo: Membrane |
witational screet
idea to de
SILY

CxXpansion. v

* Remarkably the trunt

corresponds

* Is it useful?
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