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Analogies

1 Introduction

And I cherish more than anything else the Analogies, my most trustworthy masters.
They know all the secrets of Nature, and they ought to be least neglected in Geometry.

– Johannes Kepler

Figure 1: Artistic impression of cascading sound cones (in the geometrical acoustics limit) forming
an acoustic black hole when supersonic flow tips the sound cones past the vertical.

Figure 2: Artistic impression of trapped waves (in the physical acoustics limit) forming an acoustic
black hole when supersonic flow forces the waves to move downstream.

Analogies have played a very important role in physics and mathematics – they provide new
ways of looking at problems that permit cross-fertilization of ideas among di!erent branches of
science. A carefully chosen analogy can be extremely useful in focusing attention on a specific
problem, and in suggesting unexpected routes to a possible solution. In this review article we
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9

 Associate an observer-dependent Clausius-type entropy 
   to bifurcate null surfaces 

 Explore the putative equality of thermodynamic and 
   entanglement entropy

RQI point of view
 Quantum entanglement and entanglement entropy

Black hole thermodynamics 

Information loss

Net  result:

Even Clausius entropy may be virtual  

Other definitions of Entropy  

 Observer-dependent entanglement (*)
 Correlations and entanglement across BH horizon (**)

(*)  P. Alsing and I. Fuentes, Clas. Quantum Grav. 29 (2012)
(**) G. Adesso and I. Fuentes, ArXiv: quant-ph/0702001 
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Summary:

—— ——

Thank you for your attention

—— ——
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Gaussian normal coordinates xµ

gµν = ηµν +O([xµ]2)
Null curves

xµ = (t; 0, 0, |t|) +O(t2)

Adiabatic argument that says YESUnruh effect still holds?

 Arbitrary bifurcate 
null surface

SC(S) = SB +
2πkB
�

� S

B
λTµν(x(ξ) + λ k±(ξ)) k

µ
±k

ν
±dλ d2A

 Point on the bifurcation 2-surfaceP

Tµν(t) = Tµν(0) +O(t)

Stress-energy tensor

Generalization to curved spacetime

L.C. Barbado, M. Visser, Phys. Rev. D 86 (2012) 84011Region � 1/a


