Differential equation eigenvalue problem.

|. Look up the math text : the operator and BC

e (—iV +k)* + V(F)j u (7F)=E,(ku, (F)

U, (¥+R) = U, ()

ll. Fourier expansion

u E(F) _ Z C(C";/1 )eiéﬁ.;; _ Z C/Iei@.f _ Z C(C—’;)ei@.,—;
A=l A=1 G



Matrix eigenvalue problem.

lll. Now we have matrix eigenvalue problem

1 = = = = —
;(E (= G,U +k)2 5/1/1 + V(Gﬂ — G/I)jc/l =k, (k)C,,

IV. Prove that the energy eigenvalues are periodic function in the
reciprocal space.

E,(k)=E,(k +G)



The electron in the atom, isolated system
a
| | « @, (7)

Momentum = <g0n ‘f)‘ g0n> =977

Angular momentum = <gon ‘ﬁ‘ ¢n> =77



[Example] A one-dimensional lattice
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Remember !!! The reciprocal lattice
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[Example] tight-binding limit

—00 o0
X

v, (x)=> e%p (x—R)

v, (x)=D "o (x—la)

[=—00

Show that 1t 1s the Bloch translation eigenstate

Wn,k (x + R) — eikRWn,k (x)




The energy band structure




The energy band structure

|. The eigenvalue

G(— V+k) + V(?)junj(f) = E,(k)u, .(F)

E,(k)=E,(k +G)

The eigenvalue constitutes the band structure
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The energy band structure
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