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[some useful constants: electron· mass= 9.1x1o-31 kg, electron charge= 1.6x10-19 C, 
Avogadro's number= 6.023x1023 atoms/mole, Boltzmann's constant= 1.38x10-23 JIK, Planck's 
constant li= 1.054x10-34 Js, 1 eV = 1.6x10-19 J] 

1. (a) Write down the Schrodinger equation for electron in a periodic potential ink- space. 
(b) Show that, taking only the nearest neighbor interaction, the band gap is proportional 
to the interaction potential between electron and lattice. (c) Sketch the E-k diagrams in 
reduced zone scheme for free electron and for nearly free electron system. 

2. Consider electrons on a 2D square lattice in tight binding approximation, 
Ek= - o. - 2y (cos k;xG + cos kya). (a) Obtain the bandwidth in terms of y. (b) Plot a few 
constant energy lines on kx, ky plane. (c) Show that the shapes of the constant energy 
surfaces are circular near zone center and near zone corners whereas it is straight line in 
the middle of the band. 

3. Consider Cu under free electron model having electrical resistivity p = 1.6 p,Qcm and 
Fermi energy EF =7 eV. Estimate (a) carrier concentration, (b) mean free path, (c) k-space 
volume of the first Brillouin zone. 

4. Taking the nearly free electron model, (a) sketch the Fermi circles in a square lattice (2D) 
with the extended zone scheme for a trivalent metal. (b) Estimate the values of kF at the 
zone boundaries. (c) Explain why AI (a trivalent metal) shows positive Hall coefficient. 

5. Consider a monatomic square array having one atom of mass M at each corner of the 
primitive cell of edge a. Assuming the atoms move in the plane of the lattice, and only 
nearest-neighbours interact, (a) find the expression for the normal mode frequencies, (b) 
Sketch the dispersion relation in [ 1 0], [ 11] directions. 

6. The density of states g(E) for a free electron gas may be written as g(E) = Cd Efd-2
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where dis the dimensionality. (a) Find Cd ford= 1,2,3, and plot g(E) ford= 1, 2, 3 on the 
same graph, (c) Obtain the expression for electrical conductivity as a function g(EF) and 
explain how you can distinguish metal and insulator with g(EF). 

7. (a) Derive an expression for the electronic heat capacity in terms of g(EF) valid at low 
temperatures ksT < < EF. (b) Estimate the electronic contribution of specific heat of Cu 
at 4 K and at 300 K. Given EF for Cu is 7 e V and is assumed to be temperature 
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