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planetary sciences

Rigid mantle
Crust

Continental crust ' - e a rt h

Oceanic crust (bas drawn to scale

N B - .~ — Atmosphere
Continent SN S Hydrosphere
Ocean — =

_— Outer Atmosphere,
the upper cloud layer

Atmosphere
(hydrogen, helium,
methane gases)

Mantle
(water, ammonia,
methane ices)

Core
(silicate/Fe-Ni rock)

Uranus & Neptune

Inside Gliese 436b

Small Rocky Core

— Water Compressed
Into Solid Form

. Thin Outer Envelope of
Hydrogen and Helium Gas




why should we care?

energy saving and heat dissipation
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m ... because it is important and poorly
understood
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Green-Kubo vs. Einstein-Helfand
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the classical MD ansatz
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ab initio simulations
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sensitive to the form of the potential. The widely used
Green-Kubo relation [14] does not serve our purposes,
because
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insights from classical mechanics
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gauge invariance

Any two energy densities that differ by
the divergence of a (bounded) vector
field are physically equivalent

The corresponding energy fluxes differ
by a total time derivative, and the
heat transport coefficients coincide
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the DFT energy current
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a benchmark

108 “LDA Ar” atoms
@bp density, T= 250 K

100 ps CP trajectory

same behavior at T=400 K
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liquid (heavy) water

64 molecules, T=385 K
expt density @ac
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electric transport in ionic water

M. French, S. Hamel, and R. Redmer, Phys. Rev. Lett. 107 (2011)
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electric transport in ionic water

M. French, S. Hamel, and R. Redmer, Phys. Rev. Lett. 107 (2011)
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electric transport in ionic water

M. French, S. Hamel, and R. Redmer, Phys. Rev. Lett. 107 (2011)
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even more interestingly, these constant charges are integer and
coincide with the formal oxidation humbers of the ionic species
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a numerical experiment on molten KCI
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a numerical experiment on molten KCI
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a numerical experiment on molten KCI
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summary

heat currents are intrinsically ill-defined at the atomic scale;

energy conservation and extensivity make heat-transport
coefficients independent of such an indeterminacy;

this gauge invariance of thermal transport makes it possible
to compute thermal transport coefficients from DFT using
equilibrium AIMD and the Green-Kubo formalism;

gauge invariance and topological quantization of charge
transport make the electric conductivity of ionic fluids
depend on the formal oxidation numbers of the ionic
species, via the Green-Kubo formula.
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