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Abstract

The primary focus of the proposed thesis is to investigate the electronic and trans-
port properties of monolayer and bilayer graphene system under two dimensional
periodic magnetic field. Quantization of Hall conductivity for non relativistic
2DEG and relativistic system, such as monolayer graphene, under uniform trans-
verse magnetic field is quite well known. The emphasis here is to analyze the
behaviour of MLG and BLG systems under the periodic modulation and to see if
quantization of Hall conductivity still survives along with evaluation of diagonal

conductivity for the modulated MLG system.

We begin with providing a theoretical model for the applied 2D periodic mag-
netic field having square lattice symmetry. The energy spectrum of massless
Dirac fermions in monolayer graphene under such modulation is then calculated.
It is shown that the translation symmetry of the problem is similar to that of
TKNN problem and in the weak field limit the tight binding energy eigenvalue
equation is indeed given by Harper Hofstadter Hamiltonian. Due to its magnetic
translational symmetry the Hall conductivity can be identified as a topological in-
variant and hence quantized. Hence the idea of Quantum Hall Effect is extended
to magnetically modulated two dimensional electron system. It is demonstrated
that the calculations and the results can be generalized to any arbitrary magnetic
modulation periodic in two dimensions. Apart from this, possible experimental

set ups are indicated where the results may be verified.

We proceed to extend our analysis to the system of bilayer graphene subjected to
the periodic modulation. We evaluate eigenvalues of the modulated bilayer sys-
tem by obtaining connection between eigenvalues of modulated BLG and MLG
system. We further obtain the Harper equation for the BLG system which en-
ables us to solve for corresponding eigenstates. The studies are performed for
both four band and two band models of BLG. An interesting feature of the work

comprises of the success in obtaining variation in the band gap of the energy



spectrum due to changing interlayer coupling strength. The survival of topolog-
ical quantization of Hall conductivity is rigorously verified along with obtaining

Diophantine equation for the system to evaluate associated Chern numbers.

We further go on to evaluate the diagonal conductivity for monolayer system
under the described 2D magnetic modulation. We plot both the diffusional and
collisional conductivity components of the total diagonal conductivity, for linear
responses and weak scattering potentials, as a function of magnetic field strength.
It is observed that both these components contribute significantly. Apart from
this, extensive numerical computation is performed for calculation of wavefunc-
tions and DOS for the modulated MLG system. The wavefunctions are also ana-
lyzed to an extent in an attempt to have a better understanding of the transport

properties of the system.
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