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Answer atleast 01 (ONE) question from cach of the parts A, Band C.

Answer FIVE (05) Questions only.
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(All symbols have their usual meanings.)
planck’s constant h=6.626 X 102 Js Boltzmann constant, & = l.38xl()'2;.llK"
A\‘fug'ld.ro‘s number, N, = 6. 022 x 107 Mass of an clectron, m, = 9.1 x 10" kg
. o0 '2 l
} —ox
12 19 xe ™ de=—r0
Charge of an electron, ¢ = 1.6 x 107" C (I) 5’

PART A

I. (a) What is meant by the primitive lattice translational vectors? Hence, define reciprocal lattice vectors
of the primitive lattice.

(b) (i) What are the primitive lattice translational vectors of a FCC structure?
(ii) Find the reciprocal lattice vectors of the FCC structure,
(iii) Find the volume of the primitive cell in the reciprocal lattice.
(iv) Find the reciprocal lattice vector, G,

2. (a) Write down the Bragg’s law of X-ray diffraction in crystals. Define all terms.

(b) State under what conditions the Bragg’s law is derived.

(c) In addition to X-ray diffraction. what other diffraction methods are used to study crystals structures?
Discuss them briefly. -

(d) X-ray of wavelength 0.86 A is diffracted by a cubic KCI crystal of density 1.99 x 103kgm™.
Caleulate the interplaner spacing for (0 2 0) planes and glancing angle for the second or'dcr Bragg;
reflection from these planes. The molecular weight of KCl is 74.6 g. The number of atoms in the KCI
unit cell is 4.
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3. (a) (i) What is meant by density of states for a free electron gas:

(i) Obtain an expression for the density of states fora frec clectron gas in a gpe dim
ii ,

% o [P nslo
: ionship between density of states and energy na
length L. Henee, obtain the relationship Ry E, (g _ &m
(b) (i) What is meant by mobility? )

) . PR conductivity of an intrinsic semico
(if) Write down the expression for the ! et

avis S|
mobilities and other relevant quantities. g Cltrey

(ifi) Optical excitation of intrinsic germanium creates an average density of jois
3. i iquid ni temperature. At thi Ondye
electrons per m™ in the material at liquid nitrogen temp IS temperature‘ the ,”%n

2 : _
and hole mobilities are equal, p = 0.5 m /Vs: If adyc?llage of 100 V jg appleg :'eﬂmn
germanium cube of side length 0.01 m under these conditions, calculate the currep lhm;rgohsga
cube. _ b

PART B

4. (a) State canonical distribution and'partition function, by defining all the terms.
(b) Show that the mean energy (E) of a system in equilibrium at absolute temperature Ts

given by E=- SnZ) .
op

(c) Consider a system of three particles, each having a magnetic moment 4, placed in an external
magnetic field B.

(i) What are the possible energy statcs of the system in equilibrium at absolute temperature 7

(ii) Write the partition function of the system.

(iii) Obtain an expression for the probability of finding the system is in equilibrium with tota
energy -/, 8.

(iv) Find the mean total energy of the system.

5. In Maxwell’s speed distribution, the mean number of molecules per unit volume with speed in ¥

3 mv’
range between v and v+dv is given by F(v)dv =4 mfz( m )2 2 2KT dy .
27kT
. 8kT
(a) By using above distribution show that the mean speed of a molecule is equal 10 =7

(2% ]
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() Show that the most probable speed (v, ) is equal to "Z”

V m ‘
(c) Determine the average speed of an O, molecule at room temperature of 27°C. (Mass of 0O

molecule is S.31x 107 kg )

Assuming n = 2.45x10%', calculate the number of Oy molecules having speeds in the range v and
(d) g 4

" e 2 -6
vtdv and in the vicinity of most probable speed, v, (assume dv = 10"y, ).

6. Consider a gas of A'identical particles in volume V in equilibrium at temperature T. Mean number of

§ P = | dInZ
particles in a single particle state is given by ng = ——

- (Zis the partition function of the gas.

£
¢. is the cnergy of the particle in state 5.)
A}

. | &ln)
. sion fi ispersion of n; and show that it is equal to — — 3
(a) By using above expression find the dispersio i ‘ q 2.

(b) Compare and contrast the statistics obeyed by fermions and bosons.

(c) Consider a gas consists of two particles A and B. Assume that each particle can be in one of three
possible quantum states, s = |, 2 and 3. Describe all possible arrangements of these two particles

in the three states according to Maxwell-Boltzmann, Bose-Einstein and Fermi-Dirac statistics, in
tabular form.

(d) Show all possible ways of arranging four identical particles in two single particle states according
to Fermi-Dirac and Bose-Einstein statistics.

PART C

1. () Write down the Heisenberg’s uncertainty principle and describe its meaning in simple terms.
(b) Write down the momentum operator for a particle travelling in x

(c) If £ and § are position operators, obtain commutations [
using the uncertainty principle.
(d) Write down one characteristic ofa Hermitian operator. Show that Px is a Hermitian operator.

(¢) An electron moving with a speed of 2.0 x 10° m/s with an uncertainty of 0.1%. What is the
uncertainty of its position? Calculate the wavelength of the electron,

-direction with momentum Dx
X, Bx] and [§, p;]. Explain answers




8. A particle is confincd toa 2-d infinite potential well as defined below.

l"=0.U<.\’<I|ﬁnd0‘f}"~'/)',/1>f| 1
= o0, outside

(a) Find normalized eigenfunctions and energy eigenvalues for the particle,

(b) Write down eigenvalues and corresponding cigen (unctions for the ground state ang fi

two excited states. Discuss degeneracy of the eigenstates, il any.
(c) Discuss, the orthogonality of cigenfunctions in the first three states.

rst

9. (a) A, B and C are three operators. Prove following commutation relations.

()[4 +8,6] = [4.€] + [B.0)
(i) [48,] = [4,€]8 + A15.C)

(b) Hence, if D is another operator, expand (no need to prove) following commutation relatign,
()[A+B,C+D)]
(ii) [AB, CD]
© Ly = 3p, —3py» L, =5, ~ip.and L, = 3p, ~ b
Using relations obtained in (b) and any other commutation relations that above dynamica| !

operators satisfy, show that [l:_,‘ , [‘,v] =ihL,.

(d) How do energy levels of the electron in the hydrogen atom vary with the principal quantum
number n? The ground state energy is -13.6 eV. What arc the energies of first and second excited
states?

(e) Sketch possible energy levels up to n=3 and indicate possible values for quantum numbers / and
m. Show possible eigenfunctions in each level using notation Y. i
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