PHY 752 Solid State Physics
11-11:50 AM  MWF Olin 103

Plan for Lecture 29: Chap. 9 of GGGPP
Lattice dynamics of crystals

1. Quantum treatment of lattice
vibrations

2. Statistical mechanics of lattice
vibrations
Lecture notes prepared using materials from GGGPP text.
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Quantum treatment of one-dimensional harmonic crystal
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Fourier transformation relationships:
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Hamiltonian in terms of Fourier transformed variables
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Mathematical digression

Transformation to creation and annihilation operators --
Appendix A (one dimensional case)
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Inverse transformation
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Commutation relationships
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In general:
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Properties of operators and states:
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Using creation and annhilation operators for operators in
Fourier space
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Commutation relations:
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In terms of site operators:
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Hamiltonian
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Statistical mechanics treatment of vibrational motions at
constant temperature T

Partition function: Z(T)= <l//‘e'"/”‘ > 11 z 34T
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Statistical mechanics treatment of vibrational motions at
constant temperature T
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Evaluation of summation over q:
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Debye approximation to D(w):
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Debye approximation continued

plscousic oy — QKT {ri) [' MLl

12. 4 3
(“T\_Tn';\lﬂr_l T<Th
3 n
=3Nk for T>>T,
11/6/2015 PHY 752 Fall 2015 -- Lecture 29

1/3
hv [ 677
Note that 7, =— —
A 4

k fea [se [ [v [er [mn Jre [eo [wi Jou [zn [os foe [as [se [sr [xe

1 [aw [0, [220 J3s0 [0 far0 [aro fass Jaso Jauz [327 [s:0 fae a2 fs0
102 016 | 022 [031 {054 [008 | 080 | 1.00 [oor | 401 |16 |oar |oeo Joso Jooe
R [se [v [z [w Mo [t [r [mn [re [ag [ca [ sa-fso [re |1 |xe
s |10 |20 |21 fars Jaso oo [ago [zrs f225 |00 [r0e [20 o |iss o
058 017 | 023 |054 | 138 |05t [ 117 [150 [072 [420 |07 | 082 fo67 |o2e |02

cs |sa g [w 1 [w [re [os [ [ee [au fue [n [eo foi [ro far fen

3 [0 a2 |2se [2e0 faco [0 |s00 [az0 |2w0 [1es 710|785 |uos fue
036 014 |023 [ 088 [ 1.74 [048 | 088 [ 147 | 072 | 317 0.5 {035 | oo8

200 210 120
o011 foi2] 018 013 o1 fon]onoswforsfoirfoss]ore

163 207

054 028 | 00s | 007

plicd by N, o
B, Possell and Y. 8. Touloukian, Scicne 181, 999

PH




