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Answer five questions, taking one from each unit.

UNITH
1. (a) Derivevibrationa modesof adiatomiclinesr |attice. 7
(b) Namethedifferent branchesof thedispersonrelation curve. What is
the difference between thetwo branches? 7

2. (8) GivetheDebye stheory of specific heat of acrystallinesolid and
show that in suitablelimits, it givesDulong and Petit’slaw and the
T3-law. 10
(b) If Einstein’stemperature of amaterid is157 K, findthevaueof C,
for thematerial at 100K inca/mol/K using Eingtein’sformula. Also,
cdculate Eingtein’sfrequency. 4

UNITHI

3. (8 Show that theeffective massof an electronisinversely proportional
to the second derivative of the (E-K) curve. Discussthecondition
when theeffective mass of an electron becomes positive, negative
andinfinity. 10

(b) Theenergy near avalenceband edgeisgiven by
E(K) =—-1x102k2ergs. An electronisremoved from the
orbital = 1x107k cm*. Thebandisotherwisefull. Givethesign and
magnitude of the effectivemassof thehole, 4



. (@) Discussthetightly binding approximation of asolid. 10

(b) Findthelowest energy band using Kronig-Penney model for P «< 1.
4

UNITHII

. (& Deducetheexpressionfor the concentration of electronsof an
intrinsic semiconductor. Show that the product of concentration of
electroninthe conduction band (n) and that of holesinthevaence
band (p) of asemiconductor depends upon the energy gap.

8+3=11
(b) Computethe concentration of intringic chargecarriersinagermanium

crystal at 300K. Giventhat E=0.72eV andassume m, =m,. 3

. (8) Obtainanexpressionfor carrier concentrationinann-typeextrinsic
semiconductor. Discussthevariationinthe position of Fermi level
with temperaturein an n-type semiconductor. 8+3=11

(b) Inadoped semiconductor, thereare 4.52 x 10?* holesand
1.25 x 10* electrons per cubic meter. What will bethe carrier
density in undoped specimen?Electron and holemobilitiesare
0.38 n?/V.sand 0.18 m?/V.s. Caculatethe conductivity of intrinsic
and the doped semiconductor. 3

UNIT-HV

. (8) Deduceanexpressionfor theorienta polarizability per moleculeof a
gasof polar substance at temperature T. (Assumethat
PE / KT <« 1, wherepisthedipole moment of thepolar molecule
and E isthe magnitude of the applied electric field.) 10
(b) Thecrystal of NaCl hasadtatic dielectric constant of 5.6 and optical
index of refraction 1.5. Cal cul ate the percentage contribution of ionic

polarizability. 4
. () Discussdipoletheory of ferrodlectricity. What arethe essential
propertiesof theferrod ectric crystals? 8+3=11

(b) A soliddielectric haseectronic polarizability of 10 Fm?. If the
internal electricfidld beaL orentz field, what isthe diel ectric constant
of themateria ?[Given: density = 3 x 10?8 atomg/m?] 3
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UNIT-V

9. () Deducelangevin'sclassicd theory on paramagnetic susceptibility.
12
(b) A paramagnetic material hasamagnetic field intensity of 10°A/m. If
the susceptibility of the materia at roomtemperatureis
3.7x1073, cd culatethe magnetization and flux density of thematerial.
2

10. (a) Describethetwo-sublatticemode to explain antiferromagnetism.
How doesthismodel account for the difference between the Neel
temperature (T, ) and Curie-Weisstemperature (6)? 12

(b) Caculatethechangein magnetic moment of acirculating eectronin
anappliedfield of 2 T acting perpendicul ar to the plane of the orhit.
[r =5.29x10" mfor theradiusof the orbit] 2




