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Abstract  

Graphene, a one-layer-thick hexagonal 

array of carbon atoms, when undoped, 

exhibits a curious mixture of properties 

pertinent to either metals or insulators. On 

the one hand, despite near absence of 

both charge carriers and impurities, it has a 

finite conductivity like a metal. On the other 

hand, the Coulomb interaction between 

electrons is unscreened like in a dielectric 

and hence is long range. The chemical 

potential is pinned right between the 

conical valence and conduction bands 

causing quasiparticles to move like massless 

relativistic particles. We demonstrate at 

small coupling that the electrodynamics of 

graphene exhibits nonlocality on a 

macroscopic level due to the combination 

of the long-range interactions and the linear 

dispersion relation. The frequency and 

wavevector k-dependent conductivity 

tensor, in addition to a local pseudo-Ohmic 

part ijT , possesses a nonlocal contribution 

2/ kkk jinl . While the coefficient of the local 

part is 4/2eT  the coefficient of the 

nonlocal part is proportional to the 

Coulomb interaction strength ,   Tnl  . 

This leads to several remarkable effects 

in transport and optical response. In 

particular, the resistance of the graphene 

flake depends on the location and 

the geometry of the source, drain, and 

probes. A voltage perpendicular to the 

current appears in a time-reversal 

symmetric situation and the polarization of 

reflected and transmitted light is modified, 

without either the magnetic field (like in the 

Faraday effect) or anisotropy.[1] 
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