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436 Chapter 22 Classical Theory of the Harmonic Crystal
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Figure 22,11

The long wavelength acoustic (a) and optical (b) modes in the diatomic linear
chain. The primitive cell contains the two ions joined by the K-spring, repre-
sented by a jagged line, In both cases the motion of every primitive cell is identical,
but in the acoustic mode the ions within a cell move together, while they move
180° out of phase in the optical mode.

Ashcroft and Mermin Fig. 22.11
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Figure 22,12

The acoustic (a) and optical (b) modes of the diatomic linear chain, when
k = +m/a, at the edges of the Brillouin zone. Now the motion changes by 180
from cell to cell. However, as in Figure 22.11, the ions within each cell move 1n
phase in the acoustic mode, and 180" out of phase in the optical mode. Note that
if the K- and G-springs were identical the motion would be the same 1n both cases.
This is why the two branches become degencrate at the edges of the zone when
K = G,

Ashcroft and Mermin Fig. 22.12
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Quantum Lattice Vibrations: phonons
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M. Marder, Condensed Matter Physics (2" ed. 2010) Fig. 13.8
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Neutron vs photon dispersion curves

Neotron Scattering by a Crystal 471

Figure 24.1 E(eV)
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Fig. 24.1 from Ashcroft and Mermin
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Figure 24.2
Phonon dispersion relations n aluminum, measured along the k-space lincs I'X and 'KX by

stimalted

neutron scattering, The ¢

| error in frequency is | 1o ) pereent. Each point represents an

y

observed neutron group, (After J. Yarnell et al,, Lattice Dynamics, R. F. Wallis, ed., Pergamon,

New York, 1965,) Note that the two transverse branches
but not along 'K (2-fold axis). See Chapter 2.

)

are degenerate along I'X (4-fold axis)
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