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Normal process (1E i@ f2): total momentum of the 2 phonons remains
the same before and after scattering, no resistance to thermal current!
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THE CLASSICAL GAS vs. THE PHONON GAS

P~

‘CLASSICAL GAS OF MOLECULES

PHONON GAS
Container A vessel with A crystal, which is the
impenetrable walls medium that sustaimy the phonons
LCollisions Molecules collide with each Phonuns collide with each other,
other and with walls of vessel with surface of crystal,
and with impurities
Eneryy conserved in
collisions Yes Yes
(Crysral) momentum Yes (except at walls) Yes (cxcept at surfaccs and in
conserved in collisions collisions with impurities),
provided that T « @, so that
umklapp processes are frozen out
Number conserved in
collisions Yes No
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T-dependence of the thermal conductivity (K=1/3 Cv/) :

« Atlow 7, K~C~T3 10’
e At high 7, K~ (~1/T
¥ 10
/ Boundary g
scattering o
-\ i
C
Phonon
scattering
/\
-1 | ] e | ) |
0 4 1o 1 2 5 10 20 50 100
T, °K
(a) (b)

Fig. 3.32 Thermal conductivity of isotopically pure crystals of LiF. Curve 1 is for a bar

of cross section 1.23 x 0.91 mm. Curve 2 is for a bar of cross section 7.55 X 6.97 mm.
(After P. D. Thatcher, Phys Rev. 156, 975 (1967).)
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