
ICN-UNAM

Variational techniques in relativistic thermodynamics
Thermal dynamics in General Relativity, Proc. R. Soc. A, 8 March 2011 vol. 467 no. 2127, pp. 738-759

A consistent first-order model for relativistic heat flow, Class. Quant. Grav. 15 September 2011 28 195023
Variational thermodynamics of relativistic thin disks, arXiv:1306.6591

II Taller de Cosmología y altas energías · ICF-UNAM · August 2014

César S. López- Monsalvo



ICN-UNAM

Motivation

• Neutron star physics

• Cosmology

• High energy collisions



ICN-UNAM

Motivation

• Neutron star physics

• Cosmology

• High energy collisions

Cesar Lopez Monsalvo



ICN-UNAM

Multifluid thermodynamics



ICN-UNAM

Multifluid thermodynamics

Covariant...
Constrained multifluid action principle

Fluid matter model na

Introduce entropy as another fluid sa.

Allow interaction between them.

Obtain the relativistic variational dynamics of the system.

...thermodynamics
Understand the role of different observers.

Interpret the readings of their measurements (Gibbs form).

Ensure that entropy never decreases.
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Covariant thermodynamics
Multifluid action principle

S =

∫
Ω

Λ(na, sa; gab)
√
−gdΩ

na Particle number density current
sa Entropy density current
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Covariant thermodynamics
Dynamical variables

T b
a = µanb + θasb + Ψδ b

a

Tab = 2
∂Λ

∂gab + Λgab Energy-momentum tensor

µa =
∂Λ

∂na = gab(Bnnb + Anssb) Conjugate momentum to na

θa =
∂Λ

∂sa = gab(Bssb + Asnnb) Conjugate momentum to sa

Ψ = Λ− µana − θasa Generalised pressure
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Covariant thermodynamics
Variational Identity

δS(Ω) =

∫
Ω

[
−f n

a ξ
a
n − f s

a ξ
a
s − T b

a ;bξ
]√
−gd4x

−T b
a ;b = f n

a + f s
a = 0

f n
a = 2µ[a;b]nb + nb

;bµa

f s
a = 2θ[a;b]sb + sb

;bθa
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Covariant thermodynamics

Thermodynamic construction
Frame choice

dρ‖ = µ‖dn + θ‖ds + σadpa

Conserved particle current

Frame choice (Eckart/matter frame)

Measurements
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Covariant thermodynamics

Features
Tolman-Ehrenfest effect

Consistent first-order theory

Effective inertia of heat

Second sound
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A quick example
A Relativistic thin disk
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Thermal properties of the disk



ICN-UNAM

Thermal properties of the disk



ICN-UNAM

Thermal properties of the disk



ICN-UNAM

Thermal properties of the disk



ICN-UNAM

Warpdrive thermodynamics



ICN-UNAM

Warpdrive thermodynamics

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo

Cesar Lopez Monsalvo



ICN-UNAM

Warpdrive thermodynamics
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Warpdrive’s heat flux
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Warpdrive’s temperature profile
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Warpdrive’s and the 2nd Law
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Summary

Variational techniques provide us with novel ways of obtaining
information of relativistic systems.

Robust formalism (does not depend on the matter model)

Covariant thermodynamics.

Testing in progress

Wide applicability in astrophysics and cosmology
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