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Thermo-magneto-electric effects

see §[Abr87]6.2

el. field = £ = o + R [H xj] +QVT+N [Hx V7|
L

heat flux =g = ﬂf+ NT [le]’} — X?T—l— [F/ X ﬁT]



Thermo-magneto-electric effects

see §[Abr87]6.2

el. field = E = oj + R [F/ xﬂ

VT =0, R= Hall resistivity



Thermo-magneto-electric effects

see §[Abr§7]6.2
el. field= E= o/ + R [F/ x]} +QVT

O:NT[FIXJ] VT

q = 0, adiabatic Hall effect: E, = (R + QNT/x)Hjx



Thermo-magneto-electric effects

see §[Abr87]6.2

heat ﬂuxzc_i:n/?+NT[ﬁX/?} ~XVT+L [FIXﬁT]

q,=0/,=0= g—; = NYTHjx «—— Ettingshausen effect



Thermo-magneto-electric effects

see §[Abr87]6.2

heat ﬂuxzc_i:n/?+NT[ﬁX/?} ~XVT+L ['EIXﬁT]

J-=0,j,=0,9,=0= ‘g—; = ng—;, Leduc-Righi effect



Thermo-magneto-electric effects

see §[Abr87]6.2
el. field = E = o + R [H x ]| + QT+ N [H x V7|
heat flux =g = |‘|]'+NT[/?/></?} ~XVT+L ['EIX 67-]

In insulators there is no Leduc-Righi effect (due to
electrons). What about phonons?
Phonons do not interact with magnetic field directly =—-we
need unusual terms in the Hamiltonian



Experiment: Leduc-Righi effect for insulators
See [SRWO05].

material: Tb3Gas0q, — dielectric, cubic, paramagnetic.
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Experiment: Leduc-Righi effect for insulators

See [SRWO05].
material: Tb3Gas0;, — dielectric, cubic, paramagnetic.

» immersed in *He-bath: T = 5.45K=there is NO
optical phonons.

» producing temperature gradient via electrical heater

» thermometers: thermally activated hoping.

» eliminating thermometers’ misaligment and even in H
magnetoresistance effect:

AT, = zls [AR(+B, AT.) — AR(—B, AT_)]

» phonon transport is diffusive, i.e.,
mean free path < sample size.

» thermomagnetoresistance = magn. field affects
phonon scattering



Experimental results




Spin-Phonon interactions: (pseudo)spin of an
ion interacts with phonon

Phonons do not interact with magnetic field directly
Phonon excitations «— total angular momentum of an atom
«—— external magnetic field.

Here is the requested unusual term in the Hamiltonian -
Raman interaction (mean field):

V=K M-Q,
m
m=atom number. After quantisation:
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Thermal current operator

1

JE:W

Z (R — R,)O*(R,, — R, )upvsy

mnaS

where u% and v with a = x, y and z are the
a-components of the center-of-mass displacement u,, and
velocity v,, of the m-th unit cell, respectively, and

¢*5(R,, — R,) are the stiffness matrix elements of the lattice
with R, the equilibrium position of the unit cell.

Serious question: with Raman interaction included, the
continuity equation for the heat flux [Har63] may not hold
any more and then we have problems in how to define heat
flux — just like in case of spin current (which is not
conserved in systems with SOI). The authors did not
mention this problem, and did not explain their derivation of
the heat flux. May be they just wanted to hide this problem
from the referee. . . Did they cheat?



Thermal current operator — continued

Modified due to spin-phonon interactions. J; = JEO) + JS),
where
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Here, JS) comes from the Raman interaction.



Linear responce thermal current

Note: the derivation is not similar to the charge
conductivity!

Does any one know simple and clear derivations?

A long (but clear) derivation is available in [®D. M. Kynn81].
(see also Kubo’s handwaving in ([KTH85]4.6.48))

V h/kBT [e.e]
=y [ [ @)
T 0 0

where /¥ is the x—component of the energy flux operator J;
of the phonons, and Ji(t) = e™/"J.e=M/h,



Result

2712¢c h er — 1
where v = (5 — 6)(14 6)*/[462(9 + 186%)/3] with § = ¢ /c,
Cs is the average sound speed defined by
3/e2 = (1/c3 +2/c3) and ©, = hwy ks = (672 /1) /3 1ic, ks
is the Debye temperature with v, the volume of a unit cell.
comparison with experiment:
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Conclusions

theory fits experiment well =—- everyone is happy

this document is available here.
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Help desk

Non-standart thermoconductivity in dielectrics: §[Zim62]8.8.

Raman interaction=coupling between phonons and localized
spins, see [IC95]



