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We report recent advances on the effects of external electric[1] and magnetic fields on the plasma
excitations[2] as well as ballistic conductance in graphene and graphene nanoribbons.[3] Since
graphene is a truly 2D system, we shall briefly compare it with the conventional 2DEG. Both
of them provide two types of excitations: electron-hole pairs and collective modes such as plasmons.
Electron-hole pairs are incoherent excitations of the Fermi sea and a direct consequence of the Pauli
exclusion principle along with neglecting Coulomb interactions. Those exist whenever =m χ2D 6= 0,
where χ2D is the response function. . On the other hand, the plasmons are related to the screening
mechanism. If a test charge is placed in the 2DEG, the mobile electrons are set into motion in order
to screen its electric field. As a result of the finite electron effective mass, they overshoot and the
electron density starts to oscillate. Due to the absence of the mass of the Dirac electrons, one can
assume that the plasmon oscillations in graphene should be qualitatively different from those of a
conventional 2DEG.

We have calculated the dielectric function, the loss function, the magnetoplasmon dispersion
relation and the temperature-induced transitions for graphene in a uniform perpendicular magnetic
field B. The calculations were performed using the Peierls tight-binding model to obtain the energy
bandstructure and the random-phase approximation to determine the collective plasma excitation
spectrum. The single-particle and collective excitations have been precisely identified according to
the resonant peaks in the loss function. The critical wave vector at which plasmon damping takes
place is clearly established. This critical wave vector depends on the magnetic field strength as well
as between which levels the transition takes place. The temperature effects were also investigated. At
finite temperature, there are plasma resonances induced by the Fermi distribution function. Whether
such plasmons exist are mainly determined by the field strength, temperature, and momentum. The
inelastic light scattering spectroscopies could be used to verify the magnetic field and temperature
induced plasmons.

Recent advantages in the fabrication techniques of graphene nanoribbons (GNR) together with
the long electron mean free path have stimulated considerable interest in their potential applications
as interconnects in nano circuits. We have demonstrated that when GNRs are placed in mutually
perpendicular electric and magnetic fields, there are dramatic changes in their band structure and
transport properties. The electric field across the ribbon induces multiple chiral Dirac points,
whereas a perpendicular magnetic field induces partially formed Landau levels accompanied by
dispersive surface-bound states. Each of the fields by itself preserves the original even parity of
the subband dispersion, maintaining the Dirac fermion symmetry. When applied together, their
combined effect is to reverse the dispersion parity to being odd with Ee,k = -Eh,-k and to mix
electron and hole subbands within an energy range equal to the potential drop across the ribbon.
Broken Dirac symmetry suppresses the wave function delocalization and the Zitterbewegung effect.
The Butikker formula for the conductance holds true for the odd k symmetry. This, in turn, causes
the ballistic conductance to oscillate within this region which can be used to design tunable field-
effect transistors.
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