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Ql) (a) Consider the elastic vibrations of a crystal with one atom in the primitive cell.

Derive a relation, which relates the frequency of the elastic wave in terms of the elastic

constants and the wave vector that describes the waves.

(b) Consider a longitudinal wave: u=ucos (wt-sKa)

that propagates in monoatomic linear lattice of atom of mass M, spacing a, and nearest

neighbor interaction C. Note: u relates to displacement and the single coordinate Us

describes the displacement of the plane s from its equilibrium position.

Show that the total energy of the wave is:

E = ~M LsCdus/dt)2 + ~C LsCUs - US+1)2, where s runs over all atoms.2 2

(10 marks)

Q2) (a) Show the equivalence of Von Laue formulation and Bragg's law of diffraction.

(b) Consider a square well periodic potential as introduced by Kronig and Penney. For a

delta function potential with P«}, find: at a wave vector k=O, the energy of the lowest

energy band and the band gap at k=n/a.

[Given: in the region O<x<a, U=O. P=Q2bal2 where Q is a constant and b is the width of

the square well periodic potential].

(10 marks)

Q3) (a) Using a 5 x 5 square lattice, show the 2nd Brillouin zone.

(b) Show that the volume of the first Brillouin zone is (21t)3/Vc, where Vc is the volume

of a crystal primitive cell.

(10 marks)

Answer any SIX questions. 1



Q4) (a) Consider a crystal structure, which is composed of monoatomic lattice, with an n-

atom basis having identical scatterers at positions dl, ..., d., within the cell. Show that the

geometrical structure factor is given by:
n

SK =IeiK.dj

j=l

(b) Using Scherrer formula, calculate the particle size for an observed FWHM of 1.5°

related to a diffraction (28) peak at 45°, when the incident X-ray beam had a wavelength

of 1.54 Angstrom. (10 marks)

Q5) Using the free electron approximation, after drawing suitable diagrams and deriving

necessary mathematical formula, explain the origin of energy band gap in periodic

crystals. You must clearly show the extended zone scheme, the flat band diagram and the

repeated zone scheme.

(10 marks)

Q6) Short answers (no answer should be longer than 10 lines):

i) Give atleast 5 applications of X-ray diffraction techniques.

ii) Significance of optical and transverse acoustic waves in a diatomic linear lattice.

iii) Define the terms: Wigner Seitz cell and Bragg plane.

iv) Estimation of theoretical density for crystalline solids and its applications.

(10 marks)

Q7) (a) Explain a formulation where, by using X-ray diffraction data, an experimentalist

can estimate strain in a periodic lattice.

(b) For a cubic unit cell of NaCI, which has 4 Na and 4 Cl atoms per unit cell that are

located at:

Na:
Ca:
Calculate the structure factor F in terms of atomic scattering factor /Na and!c,.

(10 marks)

Answer any SIX questions. 2


