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Fig. 3-24. Dispersion curves for diamond (C) in the first Brillouin zone. Data are from J. L. Warren, G. Dolling,
and R. A. Cowley, Phys. Rev. 158, 805 (1967).




4/4/2019

Diatomic Lattice

Now try two different masses connected by same
trength “spring” bonds

Technically a lattice with a basis

ispersion plot Diatomic Latti

optical
branch

acoustic
branch
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Optical Mode

Atomic Displacement

Stokes’ models

NOTE that these are transverse representations!

.. Acoustic Mode
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Atomic Displacement

Diatomic Latti

coustic modes:
- Correspond to sound-waves in the long- A limit.
w—0ask—0
ical modes:
he long-A limit, optical modes interact strongly with
romagnetic radiation in polar crystals.
ptical absorption is observed (photons annihilate
ften in IR part of spectrum).

from folding back the di
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g., exciting optical modes
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Fig. 24.6 The phonon dispersion in copper (Cu). Because Cu is a three-dimensional metal, the phonon dispersion has to

be evaluated in three dimensions, and it is here shown as a function of wave vector in different directions. Along the (101)

direction, bands can be seen which look somewhat like the simple monatomic chain. Both longitudinal (L) and transverse

(T} mades are prosent. The wave vector g is plotted in units of 7/a where a is the Iattice spacing. The data shown are from

Svensson et al., Phys. Rev. B 155, 619 (1967), and are obtained using inelastic neutron scattering. In this technique, a beam

of slow neutrans is scattered from the sample and the changes in both the energy and momentum of the neutrons are measured.
—
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Dispersion curves for Cu

oints are experimental data

ritical points

Description

Standard notation!

Center of the Brillouin zone

Simple cube

Center of an edge

Corner point

Center of a face

Face-centered cubic

Middle of an edge joining two hexagonal faces

Center of a hexagonal face

Middle of an edge joining a hexagonal and a square face

Corner point

Center of a square face

Body-centered cubic

Corner point joining four edges

Center of a face

Corner point joining three edges

Hexagonal

Center of a hexagonal face

Corner point

Middle of an edge joining two rectangular faces

Middle of an edge joining a hexagonal and a rectangular face

Center of a rectangular face
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onatomic Example: Neon, a FCC solid below 24.6K
Inelastic neutron scattering results in different
- crystallographic directions

eatures fit 1-D model: oD G GR)
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Phys. Rev. B
11, 1681, (1975

onatomic Example: Neon, a FCC solid below 24.6K

inor point (demonstrating that real systems are
tle and interesting, but also complicated!):
mode along (¢ ¢ 0) has 2 Fourier components,
gesting next-nearest neighbor interactions. |
are only nearest neighbor interactions!
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*Diatomic Example: NaCl, a Fcc solid
» Can visualize as two interpenetrating FCC lattices

 model gives several

(0,08 (EE.0) (€58
8 LI T T I T . rTTT H
"o Lo L(?,JV “'-o‘o_‘
Y o -

.

K ‘ TO(z) |

. R TO(x.Y o
o'LA o kS ;
b EN o
2 o TA(X,Y) v .

K 2TA TA(z) \', 9

Frequency (THz)
3
.

.
o8 o
é

T
o
T 1
;/q
'

>

A T B | [ |

Reduced wave vector

= Phys. Rev. 178
1496, (1969

Phonon Dispersion for KBr
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Fig. 3-23. Dispersion curves in potassium bromide (KBr) in the first Brillouin zone. Data are from A. D. B.
Woods, B. N. Brockhouse, and R. A. Cowley, Phys. Rev. 131, 1025 (1963).
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w do we determine these lattice wav
(phonon) dispersion relations
experimentally?

scattering of neutrons or

- Photon scattering by electrons
(Compton effect)

ur Compton, 1923
Nobel Prize

aves like a particle! oo L5
tering of photons ”WL e
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‘Neutron scattering by phonons

Phonon emission




