





Theorem.' The eigenstates  of the one-electron Hamiltonian H = —h*V?/2m +
U(r), where U(r + R) = U(r)for all R in a Bravais lattice, can be chosen to have the
form of a plane wave times a function with the periodicity of the Bravais lattice:
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Bloch’s theorem is sometimes stated in this alternative form:* the eigenstates of H
can be chosen so that associated with each i is a wave vector k such that




‘When 1 started to think about it, I felt that the
main problem was to explain how the electrons
could sneak by all the ions in a metal.....

By straight Fourier analysis I found to my delight
that the wave differed from the plane wave of free
electrons only by a periodic modulation’

F. BLOCH |

E(z,y+1,z) = E(z,y, 2)

=

S
o

T E(z,y,2)

E(z +1,y,2) = E(z,y,2)et**=

E(z,y—1,2) = E(z,y,2)e”"




» 1 a 1 o [ ] a 1 a
02, 100 200 00 00 00

site
FIG. 4. Wave function of a delocalized state with energy close to
10.5 eV.




Tpry(r) =¢v(r+R)

TrH(r)Y(r) = H@x+R)¥(r+R) = H(r)¢(r+R) =H(r)Try(r)

Translation operator commutes with Hamiltonain

so they share the same eigenstates

H(r) = Eu(r) Trv(r) = c(R)y(r)
TrTr v (r) = c(R)Tr(r) = c(R)e(R)y(r)

TRTR;?;{)(I‘) = TR-{-R’Qp(r) — C(R - R’)¢(r)




. 2rix.
We can always write: ¢ (&) ==e™

Now let a; be three primitive vectors for the Bravais lattice.
R = ma, + nrga,+n;a,

We had proved that: ¢(R +R/) = c(R)c(R")

Thus: C(R)=C(n,a, +n,a, +n;a;)= C(na,)C(n,a,)C(n,a;)
C(n;a;) =C(a;)" W y ?

C(n;a;) =C(a; +a; +...+a;) =C(a;)C(a;)...C(a;) = C(a,)™

nj

I c(R)=¢c (a)™c (a;)"c (a3)"™

C(R) = exp{27ix,}" exp{27ix,}"? exp{27zix,}"

i



C(R) = exp{27ix,}" exp{27zix,}"? exp{27ix,} >
C(R) =exp{27inXx,} exp{27in,X,} exp{2zin;X;}

C(R) =exp{271(n,;x; +n,X, +N3X;)}

K.R =271(n,X; +n,X, +n3X;)} W y ?

k = xlbl ‘{" x2h2 "I" x3b3 R = na; -+ n332+n3a3
bi -aj___-: QT[(SU‘.

Try =1 (r-+R)=c (R)p=eikRy (r) ©
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