Anharmonic effects
+ Thermal expansion
% The Grlineisen parameter
% Lattice thermal conductivity
+ Umklapp processes

Until now we considered lattice vibrations in harmonic
approximation. It meant that the lattice modes were

independent from one another.

Certain experimental observation, however, cannot be

understood neglecting the phonon interaction.



AHrapmoHu4yeckue
B3aMMOAEeUCTBUA B KpUCTannax

Ecnu B BbipaxXeHUU AnA noTeHUnaribHOM 3HEepPrum MeXXxatoMHoOro
B3aMMOAENCTBUA OrPaHNYUTBLCH YNleHaMn, KBagpaTUuiHbIMU NO
MeXaTOMHbIM CMeLLeHUsAM (rapMoOHU4YecKoe NprubnuxeHune), To

1. TennoBoe pacLuupeHue OTCyTCTBYeT.

2. AonabaTtnyeckme n n3otepMmyeckme yrnpyrme KOHCTaHTblI
COOTBETCTBEHHO paBHbI MeXAy cobdomn.

3. Ynpyrue KOHCTaHTbl He 3aBUCHAT OT AaBJieHUA U TeMmnepaTypbl.

4. TennoemMKocCcTb Npu BbICOKMX Temnepartypax (T > 6) craHoBuUTCA
NMOCTOSAHHOMN.

5. [IBe ynpyrue BONHbI B pelleTKe He B3aMMOAeNCTBYHOT Mexay cobon,
oTaenbHasi BOSfIHa C Te4YeHUeM BpeMeHM He pacrnagaeTcs U He
n3MmeHsieT ceoeu popmbl, POHOHLI HE paccenBalOTCA APYr Ha apyre.

B PealnibHbIX KpUcCTanmnax 371o He BbinosfiHAeTCHA



OdemoHcTpauma TpexcpOHOHHbLIX B3aUMOAEUCTBUMN
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Cxema ynbTpa3ByKOBOM YCTAaHOBKU, HA KOTOPOW NMPOBOAUIICA 3KCMEPUMEHT,
AEeMOHCTpuUpyrowmmn TpexcpoHoHHoe B3anmogencTteme. B TMNUYHOM onbITe
reHepaTop A Bo30OyXxaan caBuroBble BOSIHbI Yactoton 10 MITy, koTopble
B3aumMmoaeMcTBoBanu B6nm3n ueHTpa obpasua (mmeBwero oopmy Aucka) c
npoAosribHbIMU BoriHaMmu yactoton 15 My, koTopble BO3OyXaanuchb
reHepaTtopomM B. Bo3HuKarwasa B pe3ynbrate B3auMmoaeucTeBms npoaosibHas
BOJIHa Yactotou 25 MI'y pernctpupoBanacb npuemMHukom C,lpun atom
YAOBIETBOPASIOCb U COOTHOLLIEeHMe A BOMTHOBbIX BekTopoB: K1 + K1 = K3.



Tennosoe pacwupeHue.
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In harmonic approximation the energy of an atom is

assumed to be
E=E+a(F-7) , (6.1)

where the second term on the right-hand side is the energy
of oscillations. In this approximation phonons are
independent from one another. In other words, there is no

phonon-phonon scattering.

Inclusion the third-order term in the energy expansion
E=E +a(7-7,) +b(F-7,) (6.2)

accounts the phonon-phonon interaction.



Thermal expansion and the Gruneisen parameter

Equation (6.2) leads to non-zero thermal expansion; in

harmonic approximation the thermal expansion is zero.

We can, however, partly account for anharmonic forces, if
in harmonic approximation (6.1) assume that the force

constant a depends on the volume.
This approximation is known as quasielastic.

If the lattice force constants depend on the volume, the

frequencies of the normal modes also depend on the volume.



From thermodynamic considerations, the equation of state
of a crystal can be written as
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The thermal expansion coefficient is
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where

is the bulk modulus.



Substituting (6.3) in (6.4) we find
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The contribution of each vibrational mode to the specific

heat is

C_ha)l. 0
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For each vibrational mode ¢ we can introduce the quantity

Vo, dno,

P A T

, (6.7)

Known as the Gruneisen parameter.

We now determine the average Gruneisen parameter
s

a=tor (6.9)
3B

and find that




Since the bulk modulus is only weakly temperature
dependent, the models assuming the constant Gruneisen
parameter predict for the thermal expansion coefficient
the same temperature variation as for the specific heat.

Finally, we note that the

approximately linear-in-

temperature increase of

C, at high temperatures

cal/mol K
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is also a consequence of

lattice anharmonicity.

250-200-150-100 =50 0 +80 100 150 200 250 300

70—



	Section_6_
	6h
	Thermal conductivity of KCl (experiment)�as function of the sample size
	Температурная зависимость теплопроводности некоторых кристаллов и стекол. 




