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Java Phonon Applet

Transverse Optical and Acoustic Phonon Dispersion

In the graph below, we have calculated the energy of the phonon traveling perpendicular to the lattice planes for a solid with a two-atom basts (i
The vertical green bine mdicates the atom separation divided by phonon wavelength. Move the bottomn shide bar at the night to change the waveleng
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Linear chain M; and M,
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Normal modes are eigenfunctions of T

Uiy = U exp(i(l/;-?zl +mk - @, +nk - d, —a)t))

Uy = U exp(i(l -G, +mk - d, +nk - @, —a)t))

i, = e:xp(i(ﬂ}'-a1 ik -G, + k-, —a)t))
These are eigenfunctions of T.

T, W, = U exp( (lk (@, + pa,)+ mk )
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zexp(z(lpk a, +qu a, +rnik - a)



_|_

((I+m)k.a (LHﬁ@ﬂ+(m+nﬂyz

2 2

http://lamp.tu-graz.ac.at/~hadley/ss1/phonons/fcc/fcc.html

2

k k k ka ka ka k
s 122 5] o[ fa _ka)_m O X0 PO [_ _] [_-ﬁ]
22 22 50 202 2 2 e 2 e 2
2 ta ka ka k
'&'-_a-¢-k_(z +cos M—ky_a 4 S ky—a+ﬁ -C ky—a k—a —C0E %—a—h—a -C ky_ﬂ_kﬁ __m&ﬂ [T T] [T_ﬁ
22 2z 2z 2 2 2z 2 2] oo
ka ka ka ka ke ka ka k 5 ba ka) |ka Ba) ’C_ ’Cx_
S+ E f+ppg| - os| =+ | +cos| - 2 2 2 2
2 2 2 2 2 2 2 2

oe| B2 52|
2 2

)

3
Bk




For every

7 k there are

3 solutions for .




Landholt Boernstein Database

From Springer Materials
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Fig. 1. Auw. Phonon dispersion relations in the principal symmetry directions according to [73Lvl]. The solid curves
represent both the fourth neighbour general force model (M1) and the fifth neighbour axially symmetric model (M 2} of
Table 3 Au. The dotted line in the T direction is corresponding to the velocity of sound appropriate to the [0£{] T; branch.



Materials with the same crystal structure will have
similar phonon dispersion relations
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Phonon dispersion Fe
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Next nearest neighbors (bcc)
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The normal modes remain the same (the translational symmetry is the same).
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Next nearest neighbors (simple cubic)
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Two atoms per primitive unit cell
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3 dimensions

p atoms per unit cell

3p branches to the dispersion
relation

3 acoustic modes (1 longitudinal, 2
transverse)

3p - 3 optical modes
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Figure 8a Phonon dispersion relations in the [111]
direction in germanium at 80 K. The two TA phonon
branches are horizontal at the zone boundary position,
K. = (27/a)}33). The LO and TO branches coincide at
K = 0: this also is a consequence of the crystal symmetry
of Ge. The results were obtained with neutron inelastic
scattering by G. Nilsson and G. Nelin.



Silicon phonon dispersion, DOS
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Two atoms per primitive unit cell

Phonon density of states for GaN
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Inelastic neutron scattering

Diffraction condition for elastic scattering G 74

P —i+G et

The whole crystal recoils with momentum hé

Diffraction condition for inelastic scattering 0
e Y ek th/
kK'tK , =k+G thw, = +

2mn 2mn 2 crystal

K ph 18 the phonon momentum

Phonon dispersion relations are determined experimentally by
inelastic neutron diffraction



long wavelength limit

discrete version of wave equation 1-d wave equation
d*u d*u d*u
m—>=C(u,, —2u,+u,_,) ="
dt dt dx

The solutions to the linear chain are the same as the solutions to the wave

equation for |k|<<m/a.
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Phonons - long wavelength,
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long wavelength,

low temperature limit
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