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Answer FIVE (05) Questions only,

ppser ot least 01 ONE) question from each of the parts A, B and €
! -

—————— i .

/ (A” SYmh”'S have ﬂyeir nsual me_am'ng) A

p) = 6.626% 107 Js Boltzmann constant (k) = 1.38% 107K !

k
E, s nomber (V4= 6.022x107 Mass of an electron (m.) = 9.1 % 107 kg
mganﬂight @ =3x 10 ms’ Rydberg constant (R) =2.2x 10" J
‘S'Wd 1602% 10"J 1amu=166x 107 kg
PART A

I‘ . . .

() What is meant by the atomic packing fraction (APF)?

(b) Sketch of a NaCl crystal is shown below. Show that a unit cell of NaCl contains 4 jons each of

Nz* and CI".




(¢) Calculate the packing efficiency and density of NaCl using ﬁ’”“Wing dat
. ' ¢ a‘

{
1
( H i
Radius of sodium ton = 098 A
) |
Radius of chorine ion = 1.81 A
Atomic mass of sodium = 22.99 a.m.u
Atomic mass of chlorine = 35.45 a.m.u

0
Lattice constant of the unit cell = 5.58 A

(d) An X-ray beam of wavelength 0.71 A is diffracted by a cubic NaC| Crysta

i : : Caley, |
interplancr spacing for (200) planes and the glancing angle for secop d order Y Culggy|

a |
from these plancs. % reﬂ‘q

2.
(2) What are the basic types of crystal defects?

(b) Explain, bricfly, Schottky and Frenkel defects.

(c) Drive an expression for the concentration of vacancies at equilibrium in

o

- as th 1
increases, ; !ernpc;a,}

Schottky defect. Show that the concentration of vacancies increases

1

(d) The energy of formation of one vacancy by removing a Copper atom from its Jattjce ¢ '
ce site 3

(: )' n

(a) Electrical conductivity of a metal js given by

2 >
ne
O=acl

m

€

Where 1. relaxation time of electrons

¢ - charge of the electron
N - mobile carrier density
Me - mass of the electron
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)/ A cample of Cadmium Sulfi

de di
(b isplays a mobile carrier density of 10'®

coefficient p = 107 em?/Volt sec. em and a mobility

(i) Calculate the clectrical conductivity of this ‘
sample.

i) If charge carriers h
(i1) g ave an effective ass equivalent to 10%, of the mass of a fi
/3, of a free

electron, what is the av
average time between successive scatterings?

(iii) Calculate mean free path of mobjle carriers at room temperature. 27 °
perature, C.
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PART B

As shtf“’n in the .ﬁgure be.low there exists a one-dimensional lattice with lattice constant @. An
atom in the lattice transits from one site to a nearest-neighbor site in every second. The
pmbability of transiting to the right and left sides are p and t}(=1 - p) respectively

T T

?" Atom at t=0

i

f_ N0 N

i a
Lattice sites =0

(a) Write down an expression for the probability of making mt transition to right by making N

total transitions.
ion to right.

(b) Calculate the mean number of transitio
ition (;:) of the atom after 20 total

() If p =0.7 and a=20nm, calculate the average posi

transitions.
(d) The dispersion of mi after N
) of the atom after 20t

total transitions is given by Npg. By using it find the

s AP o e e

otal transitions.
dispersion of position(Ax




of each level is give

distance mspecnvcl) A y
‘( ) Write down the pé
a .

: cratures the sum can be approximate by an ;
, that at high temp int
(b) Assumc

2
87’ma

b p—
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rd

) Obtain mean energy (U) and the heat capacity (Cy) at high tcrm’er“‘t'drt: ang
(c i

results.

: 2
(d) Show that at very low temperatures Z can be approximated as Z 1 +3¢8

-28
-4

e
C,. oC ——

T’ Here @ isa constant.

(a) Write down the differences among Maxwell
Fermi-Dirac (F D) statistics.

state s is given by };::

of the particle in State s,

(c) By using part (b) derive an ex

£

g

(d) Consider 4 8as consists of t

possible quantuym States,
Particles jn, above Stateg
Dira Slatigtjcg.

Jevels of & rigi

¢ and a are constants v, .
nby g =(2/* J)sHeretan S With dipq

rition function (Z) for the rigid rotator,

A
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d rotator is given by £, 87’ ma’ fere 0’|'2,3.,
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malir and

-Boltzmann (MB), Bose-Einsteip (BE) ang

1 lnz
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I z is the partition function of the gas and &, is the energ!'

=1L, 2and3, Find the possible arrangementof these three \
according to Maxwel]l- Boltzmann, Bose-Einstein and Ferm |

Pression for the average number of photons ( 1,) with energ

ﬁ
hree particleg Assume that each particle can be in one of e

s it Ticttnit
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PART C
) .
i wha lead de-Broglie to suggest that material partic]
al particles h

I ~ 2 H Ve wave ¢ isti

; i) gtate the de-Broghe equation for matter waves e
| . penve de-Bro lic wavelenp |

l (i) De g 18th of an electron in terms of potential di

E’ icht - nccelerated. potential difference V through
I

E .. iode, the anode has t

- wha dio le has a potential of 100 V relative to the cathode. Find

L athode. Find the wavelength

associated with the eleetron as it reaches the anode
C .

o
i . [ . .
g (i) State the Heisenberg’s uncertainty principle. What is the practical importance of it?

B ition an N

| (ii) The post d momentum of 0.5 keV electrons are simul :

| Ci | imultaneously determined. If its
posi within 0.2 nm, what is the percentage uncertainty in i

| ge uncertainty in its momentum?
b

@ A particle of mass m and energy E is travelling along x-axis towards right to meet a

potential barrier defined as

0 for x<0
[ V(x)={V, for 0<x<a
F 0 forx>a

where E < V.

(i) Solve the Schrédinger equation to obtain physically acceptable solutions for the particle.

No need to apply boundary conditions.

(ii) Can the particle exist in the region X > 2. Explain your
al well of width a is given as

answer.

(b) Eigen functions for a particle ina 1-D potenti

gonality of eigen functions, prove your argument.
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ASmT;n =12.....0. Discuss the ortho
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0. ()

(i) What is meant by an operator and its ex pectation value?

: - . werator and the corresponding expectation v
(i) Write down the momentum ope | e

. J\ - aetlnla ‘ : :
(i) Calculate the expectation value of p for o particle having a wave functiop

P = (—f—)%sm ('—:l) in the region 0 < x </,

) |

(1) All Hydrogen like atoms have one electron in the outermost orbit. However, their 5
ionization energies are difterent, Explain, 1
(i) In a singly ionized Helium atom, the clectron is found in the third orbit. A photon of
energy 10.04 eV knocks out the clectron. Calculate the energy of the ejected electron,
Energy required to remove the electron in the ground state of the Hydrogen atom is 13.{
eV. |

(iii) What is the wavelength of a photon required to raise the ground state electron in the

hydrogen atom to the first excited state?




