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Special Instructions (if any): Answer all questions.

Answer of all parts of a question should be at the same place.
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( 1 )E(W) = 1-2
W w=FWe +i/T

1) Suppose a metal is placed in a uniform magnetic field H along the z-axis. Let an AC
electric field Eciwt be applied perpendicular to H.
(a)If the electric field is circularly polarized (Ey = ±iEx), show that current densities
jx = C-i(:~c)r) Ex, jy = ±ijx, i,= 0, where (To is de conductivity in the absence of
magnetic field, and We is the cyclotron frequency, and T is mean free time for
electrons. .' ,
(b) Show that Maxwell's equations satisfying above current densities have a solution
Ex = Eoeikz-wt, Ey = ±iEx, E; = 0, provided k2c? = EW2, where dielectric function

with wp being the plasma frequency.
(c) Show that when W «we, the relation between k and W for low-frequency solution

is W = We ( k~t ) •

(d) What will be the Hall coefficient for the case described in (a)? Justify your
answer.

See the next page.
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2) Consider a two-dimensional spin less electron gas (non-interacting electrons) with
energy dispersion Ek = 17,2k2/2m, where the symbols have their usual meaning.
(a} Determine the density of states for these electrons. .
(b) Determine the relation between areal electron density, n and Fermi wave
number kr for these electrons. .
(c) If these electrons are subjected to magnetic field H applied perpendicular to the
plane of the system, obtain eigen values and the corresponding eigen states.
(d) Find degeneracy of the ground state. Show that this degeneracy is same as the
number of states between energies 0 and lua; in the absence of H, where We is the
cyclotron frequency.

3) Consider a diatomic chain where alternatively A and B types of atoms are placed
with lattice spacing of similar kind of atoms is a and the spacing 'between nearest
dissimilar atom is b. Assume mass of both kinds of atoms be same. The vibration of
the atoms are modeied through spring constants G between atoms in the same unit
cell and J between the nearest atom in different unit cells.
(a) .Derive classical equations of motion for both these atoms.
(b) Derive the expressions for frequencies of the normal modes of vibration.
(c) Sketch the normal modes with appropriate labeling and describe their physical
nature.
(d) Obtain specific heat corresponding to the lower branch of normal, mode,
assuming a special one-dimensional Case of three-dimensional Debye prescription.
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