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Outline – Lecture 2

• Bloch states in a periodic potential: 

reminders

• Topology of Bloch states: TKNN Thouless, 

Kohmoto, Nightingale, den Nijs PRL 49, 405 (1982) 

• Transport and Hall conductance

• Experimental visualization of Berry 

curvature

• Graphene bandstructure



Bloch Theorem

periodic functionBrillouin zone

More generally (arbitrary Bravais lattice):

Proof uses [H,T]=0 and simultaneous diagonalization of 

translations.

Note: This property is the key behind the `silicon age’ !

k in Brillouin zone of reciprocal lattice

d=1:



Matrix diagonalization at each k

G, G’: reciprocal lattice vectors. In 1D:



Properties of Bloch function

For a non-degenerate state:

Eigenvalues have BZ periodicity, not eigenfunctions



Comparing Bloch states at 

different k: Berry connection

Curvature:

Connexion:

Quantum Geometric Tensor:



Transport

Velocity operator:

Kubo:

Hall conductance (TKNN):



Graphene
C: 1s2 2s2 2p2; 2s,2px,2py→ sp2 hybrids (sigma-bonds)

wikipedia

pz → pi-bonding



g2

g1

g1+g2

Fig: J.Cayssol and JN Fuchs 

JPhysMater 4 034007 (2021) 



Phase representation of H(k) for graphene

Graphene:

Phase phi(k) in reciprocal space
Note the triple periodicity 

Singularities at K,K’ (BZ corners)
Fig: J.Cayssol and JN Fuchs 

JPhysMater 4 034007 (2021) 



Bands of hBN (staggered mass)

Massive relativistic particle



Berry curvature of hBN

K and K = -K have opposite signs of F (`vorticity’)

The integrated Berry curvature over the BZ vanishes

In contrast to H(k), F(k) has the periodicity of the R.L.

M: 

Staggered

(`Semenoff’)

mass

Fig: J.Cayssol and JN Fuchs 

JPhysMater 4 034007 (2021) 
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