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Electronic Band Structure



Goal





Bloch theorem



Understanding electrons in crystals



Schrödinger equation



Born-von Karman conditions



Periodic boundary conditions in 1D



Periodic boundary conditions in 3D



Eigenstates of Schrödinger equation in a periodic potential 
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Bloch’s theorem

The eigenstates  of a one-electron Hamiltonian 𝐻 = ൗℏ2𝛻2
2𝑚 + 𝑉(Ԧ𝑟), where 𝑉(Ԧ𝑟 + 𝑇) = 𝑉(Ԧ𝑟) for all Bravais

lattice translation vector 𝑇, can be chosen to be a planar wave times a function with the periodicity of the
Bravais lattice.

𝜓𝑞 Ԧ𝑟 = 𝑒𝑖𝑞 Ԧ𝑟𝑢𝑞(Ԧ𝑟)

- True for any particle propagating in a lattice

- No assumptions made about the potential strength



-1

0

1

-5 -4 -3 -2 -1 0 1 2 3 4 5

x/a

R
e

{ 
(x

)}

𝜓𝑞 Ԧ𝑟 = 𝑒𝑖𝑞 Ԧ𝑟𝑢𝑗,𝑞



Felix Bloch

Born in Zurich (1905)

Awarded 1952 Nobel Prize for Physics
First director of CERN

When I 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



Consequences of Bloch theorem



Consequences of Bloch theorem





Nearly free electron model



Nearly free electron model



Nearly free electron model

Single electron energy state


