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why should we care?

a ... because it Is important ana still
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constitutive relations: Onsagers equations

Onsager’s linear-
response equations
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Green-Kubo linear-response theory
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Finstein-Helfand relations
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the classical energy current
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Insights from classical mechanics

) =)+ P

D'(t) = D(¢)+P(t) — P(0)

var|D’(t)| = var|D(¢)| 4+ var|AP(t)| + 2cov|D(t) - AP(¢)]




Insights from classical mechanics

) =)+ P

var|D'(t)| = var|D(t)| +va +@w

O(t) O(1) O(t2)




insights from classical mechanics




gauge invariance

E[Q; U Qs] = E[Qy] + E[Qs] + W[OQ)]




gauge invariance

E[Q; U Qs] = E[Qy] + E[Qs] + W[OQ)]




gauge invariance
E[Ql U QQ] E[Qﬂ -+ E[Qz] -+ W[aﬂ]
EIQ] + &[]

f?




gauge invariance
E[Ql U QQ] E[Qﬂ -+ E[Qz] -+ W[aﬂ]
EIQ] + &[]

f?




gauge invariance
E[Ql U QQ] E[Qﬂ -+ E[Qz] -+ W[aﬂ]
EIQ] + &[]

f?




gauge invariance

Q1] + E[Qs] + W[09)]
Q]+ &[]
EQ] = /Qe(r)dr




gauge invariance
E[Q U Q] = E[Q] + E[Qs] + W[O9Q]
EIQ] + &[]

(?




gauge invariance
E[Ql U QQ] E[Qﬂ -+ E[Qz] -+ W[aﬂ]
EIQ] + &[]

f?




gauge invariance

any two energy densities that differ
by the divergence of a (bounded)

vector field are physically equivalent




gauge invariance

any two energy densities that differ
by the divergence of a (bounded)

vector field are physically equivalent

the corresponding energy fluxes differ
oy a total time derivative and the
heat transport coefficients coincide




density-functional theory
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the DFT energy density
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the DFIT energy density
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H-0 in Uranus
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H-0O in Uranus

K [W/(Km)]

5r i
O 1 1 1 1
10 20 30 40 50
T [ps]
D T P >
phase r g §<O> p 3
(W/(Km)]  [S/em]  [A"/ps]  [g/em®]  [K] (GPa] — 4¢
iceX v 161+1.1 — — 3.52 1488445 18241 & 3
S 3l
SI® @ 94+06 13547 4.97+0.05 339 2474+£78 174+2 S
SI° @ 10.7+0.7 18045 7.44+0.09 335 2945+£88 171+2 X 2}
SI° @ 99+07 198+9 7.23+0.07 3.61 2905+86 218+2 K
SI" WM  128+1.0 256+8 7.26+0.07 3.82 2017+93 257+2 1r
PDL 42403 45+5 3.01+£0.04 204 19704+60 33+1 0 . .
0.92 + 0.02 0 100 200 300

P [GPa]

from: F. Grasselli, L. Stixrude, and S. Baroni, in preparation




( OUUHNTUMESPRESSU
( y QUANTUM ESPRESSD
FOUNDATION




thanks to:

Federico Grasselli, SISSA Lars Stixrude, UCLA




KM “éé o Z:é’
c/ W )|
these slides at
http://talks.baroni.me


http://talks.baroni.me

