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Issues for group discussion

• Thermodynamics for non-uniform systems from

statistical mechanics: criteria and functionals.

Variational formulation and equivalence to DFT.

Opportunities – Legendre transforms to new

variables; first and second derivatives; bounds.

Challenges – extensivity; charge neutrality

(electrons and ions)

• Equilibrium structure (response) from Ornstein-

Zernicke identity.

• Equivalent versions of classical and quantum DFT



Thermodynamics from statistical mechanics

Abstract thermodynamics



Abstract thermodynamics

Realization from statistical mechanics

Legendre transform



strictly concave, so invertible:

Legendre transform

strictly convex, so invertible:

Existence of                    ?        

H-stability (no collapse)       

Tempering (no explosion)       

Extensive      



Variational formulation 

Convex in n

Euler eq.

solution 

(  Same as DFT  )

Dual variational formulation 

(independent)

Concave in n

Euler eq.



Opportunities from thermodynamic connections 

New functionals,  properties

Convexity constraints (stability)

Structure / fluctuations from functional derivatives



Response from free energy functional 

( classical )

Inverse response

Response function

Ornstein-Zernicke

Useful ?



Challenges – extensivity, ensemble equivalence 

Example:  ideal Fermi gas





Electrons and ions 

H for electrons and ions not bounded; Coulomb interaction not tempered; systems 

with net charge not extensive (no thermodynamics)

Problems solved for charge - neutral quantum electrons – ion systems

How to do DFT for electrons in external potential of ions?

1) One component (electrons) in external potential. Electron functionals are not

thermodynamic.

Jellium

Inhomogeneous  electron gasElectron gas

Solution: add positive and negative uniform backgrounds

Inhomogeneous  jellium



2) Two component (charge neutral electrons and ions) in external potential.

Electron-ion functionals are thermodynamic. (Dharma-wardan/Perrot (1982))

Coupled set of Euler equations

but, charge neutrality constraint 



Exact classical map

(Dharma-wardana/Perrot (2000); Dufty/Dutta (2012))

The map

or equivalently

How to invert? These are the Euler equations of the classical dual

variational theory above !



Questions?

Complaints?


