
I. A : Electrons in ID periodic potentials (G and P ch.I)
- Simplest model of a solid

- key feature : Periodicity

* Atoms of the same element are identical so

tend to form ordered structures

- Consider single electron in a periodic potential ( ID)
r

"

5. E. : _ _¥md]¥I + Vaya) = EXCH
↳ UCH _-u(✗ + muajinteser

I period
* Take Fourier transform of U :

UH)=Ivnexp[i2¥x]
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* what does periodicity mean for ✗ and E ?
ormalieation ,

• consider Vlx)=0 ( trivially periodic) [ L length
of

crystal

wave factions are plane waves: Wklx) =# eik×

Eigenvalues : E-- KZk÷
• Wk orthonormal

,
form complete set



• Now consider UCX) -1-0 . Apply It to WK .

Since VG) Wtlx) = ¥ { uneilhntklx >

⇐ 111-14> c- {

%""wk;;!;!!;¥;;!!;¥;"""""
}

w/ wavenumber Kthn
,
SK

Also
,
It /Wkthn> C- SK Closed)

⇒ Only need to diagonalize It in subspaces SK
⇒ eigen factions of It labeled as Trek)

⇒ Sk ≠ ski iff K ≠ K' + 24h/a for n C- IL

⇒ All different K labels reside in - talk ≤¥

expanse'%tf First Brillouin Zone

we can write : 4×1×1 = { cnlk) # eilkthn
)×

% = 4*1×1 e.
it travelling

plane
"
"

"

where : Uklx) = { Cnlk)¥eiʰⁿ×
[
periodic function : Uk / ✗ +a) = Uk

( recall , hn= 2T¥ and e'
"7- 1)

Bloch'sTheorem_: Any (physical) solution of 5. E.

in periodic potential can be written in the form
of travelling plane wave modulated by microscopically
periodic function .



* Back to question : what does periodicity mean for YE ?

• 4 's are
"

itinerant
"

• 4 's labelled by K in first BZ

• 4kW = Ukcx) eikx

• 4*1×1--4=4×1×1 eikᵗⁿ , tn _
- na ( n c- 22 )

• At each K we have set of energies Enfeisenf""'""label

• Can plot Ennlk) in first BZ → Forms a
"

band
"

↳ question : is K continuous in BZ ?

* Lets consider
"

finite
,

" "

macroscopic
"

crystal :

• ◦ ≤ ✗≤ LENA NE E
,
N large but finite

• If a ~ #
,
L - cm

,
N - 10

"

• 4 (✗ + Na)=- ✗G) → Born - Von Karman boundary conditions
↳
Only acceptable Ks are : eikwa -- I

so k=2µan ,
ne ZZ

↳ answer : Discrete but dense !
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Examples: empty lattice r
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