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outline

• electron dispersion in graphene, 

graphene bilayer and graphite 

• conductivity in optical region 

• universal dynamical conductivity 

of graphene

• Kerr effect and reflectivity in magnetic field
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Electron bands

Brillouin zone
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two bands of opposite parity at K



Electron dispersion

0

0
vH






p

p

22

21 v yx pp ,

at the К point in the Brillouin zone





 


3

2

3

i

eC 

)()( yx

i

yx ippeippC 


3

2

3





two-dimensional representation of 

the small group
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two-dimensional massless Dirac fermions
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Slonczewski and Weis (1955)
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suspended graphene

Graphene light transmittance

Novoselov et al
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conductivity in collisionless limit Falkovsky, Varlamov 
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Falkovsky, Pershoguba 

Gusynin , Sharapov 
optical conductivity
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integrated over angle



graphene conductance

D. Basov et al  
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graphene transmittance

1) fine structure constant

2) no material parameters 

3) no effect of e-e interactions

Li et al, 

Nair et al, 

Mak et al

normal incidence



Renormalization of  the Fermi velocity   

due to el-el interactions



Graphene bilayer in the tight-binding approximation

Effective Hamiltonian in a simplest form 



Brillouin zone and  electronic bands of graphite



Fermi surface in graphite



Hamiltonian for graphite

in magnetic field

wave function



Band dispersion in magnetic field



Nearest  Landau levels versus magnetic field 



Conductivities in the main approximation



Topological confinement in bilayer graphene

Martin et al (2007)
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zero-modes are chiral, they have the definite sign of yypS



Conclusions

• in-layer graphite conductivity per layer

is close to the graphene conductivity

• it contains singularity  at the inter-layer 

hopping energy

• anisotropy of dynamic conductivity is on 

the order of 100

• Kerr rotation in graphite is on the order 

of 15 degrees  in fields 50 T



Contributions of electron transitions in conductivity
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Real and imaginary parts of conductivity in graphite

experiment: Kuzmenko et al (2009)

theory: Falkovsky  (2010)
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Bilayer electron
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E=2U/d

Gap 2U in

external field
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