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syllabus

What thermal transport is all about;
Conserved quantities: continuity and constitutive equations;

Onsager relations: thermal and electric conductivities, thermoelectric
coefficients;

The Green-Kubo & Einstein-Helfand formulas for transport coefficients;
The classical energy current;

Gauge invariance of transport coefficients;

Density-functional theory of adiabatic heat transport;

Separating wheat from chaff: the Wiener-Khintchine theorem and
cepstral analysis

Heat conductivity from lattice dynamics: crystals and glasses;

Lattice dynamics from density-functional perturbation theory (if time
allows).
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why should we care?

energy saving and heat dissipation
heat shielding
energy conversion

earth and planetary sciences



why should we care?

m ... because it is important and still poorly
understood



extensive properties

E[Q2; U] = E[Q] + E[€2;]



extensive properties

E[Q2; U] = E[Q] + E[€2;]

[ .

=1l9] :/Qe(r)dr



conservation laws

DY ANV LT A

L VY Y VO W T T Y AV A /

rrvvvlwu RERRRE 2SI
W ANV e
Yvly

REARA B VLol |
ARVAER AR R R R SJ T4

CAd a4 dhhrdy

'
/|
) )
) [
/T \ .
/ b
/ / /] |
/ /] ‘;‘ \ \\ \
/ A / | I
/ / / |
/ A
/

h —
~— )
- -
~
- ‘\\,
~-_
I S
S~
— ~—
T~ V
e A
T
D -
-
- <

j(r,t)-ndS + / o(r, t)d<2



conservation laws

r”’rrv vvw "“" er"///
Vlw V ///‘
A /ﬁ “

//},‘CHVV‘V 11VVHV

/
4 4

/o

MMM AA A 444

RN
‘ THA A4
[ [ /

N \‘

.
\
A A

dE(Qt) _ [ o o



conservation laws

SNV VAL /e
/] jfe M\\\\ VoV | J/A/;é/;//
i L

/] ‘\\\\ \ \‘\\ |
SAM LRI RRRRRS

SER MM S o gF

Vol

/‘//

\
A\

; -
s~ T
S =
/ Yoy S
1| S
e V J/ V Y \ = -
/ | | ‘;\‘
. ) | : ‘\\\‘ o
/ : - —
- - e
o \\ [
A//‘/// “ |
= T~
- |
: 7 .
B ~__
/ -~ i N
// - —
- |
- - | : \\‘
//‘ - ~__ o
- 3
- ~— D
— ;m .
. — T
_— | B 7””
. — T
/ ===
oI
L -
A

N
AN
N
2
AN
AN
—
AN
.
AN
-\
\n
O\
A
AN A

dEQut) [ o
TR WURLERS r ST

continuity
equation




adiabatic decoupling of conserved densities
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Einstein-Helfand relations

Einstein (1905)
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Einstein-Helfand relations

Einstein (1905)
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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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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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108 “LDA Ar” atoms
@bp density, T= 250 K

100 ps CP trajectory

same behavior at T=400 K
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what about glasses and alloys?
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Lattice dynamics in the harmonic approximation

1
Vi(xo + u) = V(xp) + §d>u2 +O(uv’)

Mii = —du w:\/g

u(t) = u(0) cos(wt) u(O)% in(wt)
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density-functional perturbation theory
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DFT DFPT
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phonons from DFPT
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