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Thermodynamics: 

State of equ. 

 

 

 

General Lorentz frame: 
           



Out of Equilibrium 

 

Equations of motion: 

 

 
In presence of an electromagnetic field:  

 

Equations                Variables                    

 



Hydrodynamics:   Local  thermal  equilibrium 

Idea of Hydrodynamics: 

 

 

Constitutive relations in LTE: 

 

 

EoM: 

 



 Out of local equilibrium:  

Derivative expansion: 

 

 

 

First order hydrodynamics: 



First order derivative corrections: 

 

Landau-Lifshitz frame: 

 

 

 

Transport coefficients: 



Constraints on Hydrodynamics 

Entropy current: 

 

Second Law of thermodynamics: 

 
1) Local equ.: 

 

2) Out of local equ.: 

 



Parallel  developments 

Fluid-Gravity duality: 

Fluid dynamical flow in a 4-dim conformal sys 

                             is mapped on to 

Long wave-length perturbations of Einstein eqs in an 
asymptotically AdS 5-dim space-time 

Dictionary: 

 



Vorticity  term: 

Parity violating term 

 

Adding to the current: 

 

Second law:  



Non-dissipative character 

Parity violating terms in hydrodynamics 

are related to 

Anomalies 

 

 

Anomalous transport coefficients: 



Hydrodynamic perturbations 

State of equilibrium: 

 

 

Linearized equations: 

 



Non-dissipative fluid at B=0 

Linearized EoM: 

 

 

 

Hydrodynamic modes: 

Ordinary sound waves 



Dissipative fluid at B=0 

Linearized EoM: 

 

 

 

Hydrodynamic modes: 

 

 



Dissipative fluid in presence of B 

Linearized EoM: 

 

 

 

Hydrodynamic modes: 

 

 



Chiral Fluid 



Outlook 

 

 

1) Adding another U(1) conserved current: CMW 

 

 

2) Rotating chiral fluid: Chiral heat waves  
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