PHY 752 Solid State Physics
11-11:50 AM MWF Olin 107

Plan for Lecture 7:
Reading: Chapter 7 in MPM; Electronic Structure
1. Bloch’s Theorem

2. Eigenstates of a simple model potential
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Course schedule for Spring 2015

(Preliminary schedule -- subject to frequent adjustment.)

1/30/2015

Lecture date | MPM Reading Topic Assign. Due date
1 |Mon: 01/12/2015 |Chap. 1&2 Crystal structures #1 01/23/2015
2 |wed: 01/14/2015 [Chap. 1&2  |Some group theory w2 01/23/2015
Fri- 01/16/2015  |No class INAWH out of town
Mon: 01/19/2015 |No class IMLK Holiday
3 |Wed: 01/21/2015 |Chap. 1&2 'Some group theory #3 01/23/2015
4 |Fri: 01/23/2015 [Chap. 1&2 'Some more group theory #4 01/26/2015
5 [Mon: 01/26/2015 |Chap. 7.3 'Some more group theory 45 01/28/2015
6 |Wed: 01/28/2015 |Chap. 6 Electronic structure; Free electron gas #6 01/30/2015
7 |Fri: 01/30/2015  |Chap. 7 Electronic structure; Model potentials #7 02/02/2015
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Consider an electron moving in a one-dimensional model
potential (Kronig and Penney, Proc. Roy. Soc. (London)
130, 499 (1931)
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Schroedinger equation for electron:

7ﬂ +V(x) [¥(x)=EY¥Y(x)
2m
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Effects of periodicity: V' (x) =V (x + na)

[7 WV + V(x)]‘{‘(x) =EY¥Y(x)
2m

[— V" +V(x+ na)J Y(x+na)=EY(x+na)
2m

(— A + V(x)j‘i’(x +na)=EY(x+na)
2m
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Since W(x + na) and ¥ (x) are solutions of the same
eigenvalue problem: W(x +na)=KY¥(x)

Assume K = ¢ = "™

Bloch theorem: Y, (x+na) =¥, (x)
¥ () = €Mu(x)

where u, (x + na) = u, (x)
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Eigenstates:
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What causes band gaps in the electronic structure?
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Consider a single potential well Spectrum
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For 0<x<(a-b) ¥, (x)=4e™ +Be”™
For (a-b)<x<a ¥,(x)=Ce™ +De™

Continuity conditions: ¥, (0)="¥,(0) CadU] = 4%,

dx dx
Wamb)-Woapy  LED)_d¥y@b)
dx dx
Alsonote: ¥(x+a)=e"¥(x)
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Matching conditions reduce to:
cos(ka) = F(E)cos(ab—A(E))

2

) e o . 12
F(E):(l+74E(E7VO)Smh (B(a b)]

V,-2E

£, E)

tanA(E) = tanh(ﬂ(a —b))
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tan A(f) = mtanh(wsw 7)
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Electrons in the presence of a weak periodic potential
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Degenerate perturbation theory
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