
Turn over
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Reg. No.................................

THIRD SEMESTER M.Sc. DEGREE [REGULAR/SUPPLEMENTARY]

EXAMINATION, NOVEMBER 2025

(CBCSS)

Physics

PHY 3C 11—SOLID STATE PHYSICS

(2019 Admission onwards)

Time : Three Hours Maximum : 30 Weightage

Section A

Answer all questions, each carries weightage 1.

1. Distinguish between para and ferromagnetism.

2. Explain the indirect band gap semiconductors.

3. What are Miller indices ?

4. What do you mean by perfect diamagnetism in superconductors ?

5. Give example of material exhibiting SC and BCC structure.

6. Explain the Wiedemann-Franz law.

7. What are the importances of hall co-efficient in material analysis ?

8. What are piezoelectric materials ? Give applications of it.

(8 × 1 = 8 weightage)

Section B

Answer any two questions, each carries weightage 5.

9. Prove that the motion of electrons through the periodic potential in solids give rise to band structure.

10. Describe the Einstein model of lattice heat capacity. Discuss the success and failure of this model

at different temperatures.
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11. Derive an expression for diamagnetic susceptibility using the quantum theory. Explain the

temperature dependence of susceptibility.

12. Give an account of the phenomenon of superconductivity. Distinguish between type I and type II

superconductors. List out few applications of superconductors.

(2 × 5 = 10 weightage)

Section C

Answer any four questions, each carries weightage 3.

13. Derive the relationship between dielectric constant and atomic polarizability.

14. N-type Ge sample has donor concentration 1021/m3 and thickness = 3 mm. is used in a Hall Effect

experiment set up. Find the Hall voltage, if B = 0.5 T and J = 500 A/m2. Also find the hall

co-efficient.

15. The energy near the valence band edge of a crystal is given by E = – Ak2, where A = 10–39 Jm2. An

electron with wave vector k = 1010 kx m
–1 is removed from an orbital in the completely filled

valence band. Determine the effective mass, velocity and momentum of the hole.

16. The lead material works as superconductor at a temperature of Tc = 7.26 K. If the constant

characteristic field of the lead material at 0 K is H0 = 8 × 105 A/m. Calculate the magnetic field in

the lead at 5 K.

17. A ferromagnetic material with J = 3/2 and g = 2 has a Curie temperature of 125 K. Calculate the

intrinsic flux density near 0 K. Also, calculate the ratio of the magnetization at 300 K in the

presence of an external field of 1 mT to the spontaneous magnetization at 0 K.

18. Two dimensional lattice has the basis vectors :

ˆ ˆ ˆ2 , 2 .a x b x y= = +  Find the reciprocal lattice vectors.

19. The Debye temperature of diamond is 2000 K. Calculate the mean velocity of sound in diamond,

given the density and atomic mass of diamond as 3500 kgm–3 and 12 amu respectively.

(4 × 3 = 12 weightage)
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THIRD SEMESTER M.Sc. (CBCSS) [REGULAR / SUPPLEMENTARY]

EXAMINATION, NOVEMBER 2024

Physics

PHY 3C 11––SOLID STATE PHYSICS

(2019 Admission onwards)

Time : Three Hours Maximum : 30 Weightage

Section A

Answer all questions.

Each question carries 1 weightage.

1. Discuss the Weiss theory of ferromagnetism.

2. What are symmetry operations ? Name the symmetry elements of a crystal.

3. What are the importance of Miller indices ?

4. Give example of material exhibiting FCC and HCP structure.

5. Briefly explain Hall Effect.

6. Distinguish between type I and type II superconductors.

7. What do you meant by direct band gap semiconductors ?

8. Discuss the ferroelectric and paraelectric states.

(8 × 1 = 8 weightage)

Section B

Answer any two questions.

Each question carries 5 weightage.

9. Discuss the formation of allowed and forbidden energy bands on the basis of the Kronig

Penny model.

10. Derive expression for electron and hole concentration for an intrinsic semiconductors. Use

these results to obtain intrinsic carrier concentration.

Turn over
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11. Discuss the Debye model of lattice heat capacity. Give drawbacks of the Debye model.

12. Describe the Langevin’s theory of paramagnetism and obtain an expression for paramagnetic

susceptibility. Mention the temperature dependence of susceptibility.

(2 × 5 = 10 weightage)

Section C (Essay Questions)

Answer any four questions.

Each question carries 3 weightage.

13. The energy E(k) of electrons of wave vector k in a solid is given by E(k) = Ak2 + Bk4, where A

and B are constants. Find the effective mass of electrons at [k] = k0 ?

14. Find out reciprocal lattice vectors for a space lattice defined by the following primitive

translation vectors :

    a = 5î + 5 ĵ  – 5 k̂ , b = – 5î + 5 ĵ  + 5 k̂ , c = 5î – 5 ĵ  + 5 k̂ .

15. The critical fields at 6 K and 8 K for a NbTi alloy are 7.616 × 106 and 4.284 × 106 A/m

respectively. Determine the transition temperature and the critical field at 0 K.

16. The mobility of hole is µh = 0.025 m2/Vsec. What would be the resistivity of p-type silicon if

the hall coefficient of the sample is 2.25 × 10–5 m3/C ?

17. Dy3+ has outer electronic configuration of 4f 96s0. Calculate the magnetic susceptibility for a

salt containing one kg mole of Dy3+ ions at 300 K.

18. The unit cell volume of sodium is 7.93 × 10–29 m3. Calculate the Fermi energy of sodium at

absolute zero.

19. Derive the Clausius-Mossotti relation by considering the local field effects.

(4 × 3 = 12 weightage)
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Reg. No.....................................

THIRD SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)

EXAMINATION, NOVEMBER 2023

(CBCSS)

Physics

PHY 3C 11—SOLID STATE PHYSICS

(2019 Admission onwards)

Time : Three Hours Maximum : 30 Weightage

Section A

Answer all questions.

Each question carries weightage 1.

1. Distinguish between para and ferromagnetism.

2. What are symmetry operations ? Name the symmetry elements of a crystal.

3. What are Miller indices ?

4. Give example of material exhibiting SC and BCC structure.

5. Briefly explain Hall effect.

6. Distinguish between Type I and Type II superconductors.

7. What do you meant by indirect band gap semiconductors ?

8. Discuss the ferroelectric and paraelectric states.

(8 × 1 = 8 weightage)

Section B

Answer any two questions.

Each question carries weightage 5.

9. Give an account of the phenomenon of superconductivity. Distinguish between Type I and Type II

superconductors. List out few applications of superconductors.

10. Discuss the formation of allowed and forbidden energy bands on the basis of the Kronig Penny

model.
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11. Describe the Einstein model of lattice heat capacity. Discuss the success and failure of this model at

different temperatures.

12. Describe the Langevin’s theory of paramagnetism and obtain an expression for paramagnetic

susceptibility. Mention the temperature dependence of susceptibility.

(2 × 5 =10 weightage)

Section C

Answer any four questions.

Each question carries weightage 3.

13. A ferromagnetic material with J = 3/2 and  g = 2 has a Curie temperature of 125 K. Calculate the

intrinsic flux density near 0 K. Also, calculate the ratio of the magnetization at 300 K in the

presence of an external field of 1 mT to the spontaneous magnetization at 0 K.

14. The critical fields at 6 K and 8 K for a NbTi alloy are 7.616 × 106 and 4.284  × 106 A/m respectively.

Determine the transition temperature and the critical field at 0 K.

15. Two dimensional lattice has the basis vectors

ˆ ˆ ˆ2 , 2 .a x b x y= = +  Find the reciprocal lattice vectors.

16. The mobility of hole is µh = 0.025 m2/Vsec. What would be the resistivity of p-type silicon if the hall

co-efficient of the sample is 2.25 × 10–5 m3 /C ?

17. The energy near the valence band edge of a crystal is given by E = – Ak2, where A = 10–39 Jm2. An

electron with wave vector k = 1010 kx m
–1 is removed from an orbital in the completely filled

valence band. Determine the effective mass, velocity and momentum of the hole.

18. Derive the Clausius-Mossotti relation by considering the local field effects.

19. The unit cell volume of sodium is 7.93  × 10–29 m3. Calculate the Fermi energy of sodium at absolute

zero

(4 × 3 = 12 weightage)
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Physics

PIIY 3C II_SOLID STATE PITYSICS

(2012 Admission onwards)

Name..1......

Maximum : 36 Weightage

(Pages:2)

TIIIRD SEMESTER M.Sc.

Time

Define : (a) Primitive

Part A

Answer all questions.

Each question carries L weightage.

(b) Unit cell.

What is Cohesive energygnd electron affinity ?

Why does density of iron increase when metallic iron changes from bcc structure to fcc structure ?

What are the salient features of quantum theory of specific heat of solids ?

What are the drawback of classical free electron thpory L* 
-

What is Fermi energy and Fermi momentum ?

Give the nature of motion of an electron in a periodic potential.

Explain hysteresis in magnetic materials

What is magnetostrictive enerry ?

What is Superconductivity ? Give one use.

Explain the principle of SQVID. Give its engineering applications.

$2xL=L2weightage)
Part B

Answer any two questions.

. Each question canies 6 weightage.

L.' Explain symrqetry elements in crystals. Describe the various types of symmetry elements and
symmetry operations of a cubic crystal.

Discuss the Kronig-Penney model for the motion of 'an electron in a periodic potential.

Derive an expression for the specific heat capacity of solid using Deb/s theory. How does the
result agree with experimental data ?

1

1
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4.

2

Discuss Weiss theory of ferromagnetism. How is
this theory ?

hysteresis and Curie point

(2 x 6 = 12 weightage)
Part C

Answer any four questions.
Each questi.on carries B weightage.

l' palculate the compressibility of sodium chloride assuming a respulsive potential of the form B,* to' act between nearest neighbours, of distance 0.2g.lnm. Madelung 
"orrstant = 1.7476.2' In a one dimensional crystal with atomic spacing z.Sfl,calcurate the free electron energy at whichthe first Bragg reflection occurs.

3' Evaluate the carrier concentration and conductivity of the intrinsic Ge at T = 800 K.m = 9'1 x 10+lkq, Eg = 0.68ev, pe = 0.Bgm2A/-sec, ph = 0.1gm2A/-r"., t, = 1.Bg x l6-zeJ/K andh = l.05b x10-Qa.f-s"c.

4' A paramagnetic salt contains 1028 ions/m3 with magnetic moment of one Bohr magnetqn. calculatethe paramagnetic susceptibility and the magnetiition produced in a uniform magnetic field of106 amp/meter at 800K.

5' calculate the change in magnetic moment of an electron in a hydrogen atom orbiting in an orbit orradius 0'5A' if a magnetic field of induction z weher/m2 acts at ;;;;;;i"s to the plane of theorbit.

6' Define London Penetration depth' calculate the value of the London penetration depth l"o at 0 Kror' read whose o"".irrl, rl ; ;}UJ;;, ;;"' ;;il ;;_* ;#;.'ffi = 7 .22*).carcuratethe increase in 2u at B.6lK from 0 K.

(4x3 = 12weightage)
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(Pages:2)

TIIIRD SEMESTER M.Sc. DEGREE EXALINATION,
(CUCSS)

Physics

P}TY 3C 1l._SOLID STATE PTIYSICS

(20L2 Admission onwards)

Time: Three Hours Maximum : 36 Weightage

Part A
Answer all questions.

Each question carries L weightage.

What are Miller indices ? How are they determined ?

What is the structure of Germanium and Silicon ? How many molecules per unit cell are there ?

What is the difference. between a crystal lattice and reciprocal lattice ?

Explain Ionic cohesive energy.

Define relaxation time and collision time of free electrons in metals.

What is an infrnite potential well ?

What are Brillouin zones ? IIow are they related to the energ'y of an electron in a metal i
Explain Neel's theory of antiferromagnetism

Distinguish between hard and soft magnetic materials.

What are ferrites ? In what ways are they superior to ferromagnetic materials ?

What are cooper paigs ? Where are they formed ?

At what temperature the band gap of a superconductor vanish ? Why ?

' (L?xl=l2weightage)

Part B

nsu)er any two questions.
Each question carri.es 6 weightage

1. Explain Packing density or packing factor in crystals. Show that the packing factor for bcc and fcc

structures are ./3118 and./ZnlO respectively

2. Deduce Weidmann and Franz law. Explain its significance.

l.
2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

L
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3. Discuss the Kronig-Penney model for the motion of an electron in a periodic potential.
meant by density of enerry states ?

4. Derive the London equations and explain how its solutions accounts Meissner effect.

(2x6 = 12weightage)

Part C

Answer any fotrt questians.
Each questian carries B weightage

Prove that the reciprocal lattice for a bcc lattice is a fcc structure.
Show that the number of Frenkel defects in equilibrium at a given temperature is proportional to(NN2)1r2 where N is the number of atoms andN, be the inteititial 

";;;;. 
---

Calculate the Debye temperature for diamond given Young's modulus = te12 N/m2 and
density = 3500 kg/p3'
The critical temperature T" for mercury with isotopic mass 199.5 is 4.18b K. Calculate the critical
temperaturewhenitsisotopicmasschangesto203.4.

What is a Bohr Magneton ? A tffical magnetic field achievable with an electromagnet with iron
core is 104G. Compare the magnetic interaction energy p H of an electron ,pi. Jgrr"tic difole
moment with KBT at room temperature and show that at ordinary temperature the 

"ppro"i*"tio,
4{,>lisvalid.
ptH

6. What is London Penetration depth ? The London Penetration depths for pb at 3 K and 7.1 K are
lesPjctivg[ 39.6 nm and 173 nm-. Calculate its transition temperature as well as penetration
depth at OK.

(4x8=12weightage)

WhatE

1.

2.

s.

4.

b.
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Time: Three Hours Maximum: 36 Weightage

1. .What are Brillouin Zones ?

2. Explain covalent bonding.

3. What are imperfections in crystals ?

4. Explain the terp effective rlass.

5. What is a direct gap material ? Give an example.

6. What are phonon modes ?

7. Explain the origin of diamagnetism.

8. What are ferrites ?

10. Show how thermal conductivity changes with temperature.

11. What is isotope effect in superconductivlty ?

L2. Explain the term single particle tunnelling.
(L2xL = 12weightage)

Part B

,\nswer ony two qucstions.

1.. Explain the various methods in X-ray difraction used to elucidate the strycture of crystals.

2. Discuss Langevin's theory of paramagnetism. Explain Hundis ruIe.

(CUCSS)

Physics

PHY 3C I.I_SOLID STATE PITYSICS

(20L2 Admissions)

Part A

Answer all questions.
Each question carries L weightoge.

Turn over
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3. Obtain an expression for carrier concentration in conductioh band for a serniconductor.

4. Explain flux quantization. Debcribe Josephson effect and give a brief account of SeIIIDS. .:'

Psrtc 
(2 x 6 = l2weightage)

Iil!t\/

,Answer any fottt questians.
Each question carries B weightage.

1. show that the reciprocal lattice for a BCC latticg is FCC rattice.

2. Alatticeischaracterisedbytheprimitivevectors 
"=z(i*il;6=r()+E) ana i=z(fr*3). firra

" the reciprocal lattice to the original one and the cubic edge.

3. Two branches 
1f 

a phonon spectrum of a cubiq Lattice is .rr(fi) = Alsin frl +rd *r(fr)= B(2 + cos,t).

, In the Debye approxiinatioa find the phonon dispersion relations for each branch.

4.- Find the Fermi velocity of electrcns in Potassium if its Ferui energy is 2.1 eV.

5. Calculate the frequency of the AC current produced when a DC voltage of E pV is applied across
the Josephson juuction.

6. A paramagnetic material with spin magnetic dipole moment is placed in a magnetic, field of
105 A/m. Evaluate the average magnetic moment per dipote at 800 K.

(4.x B =.12 weightagle)

$'
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" ,ri;
fiIInD SEMESTER M.Sc. DEGR,EE EXAII{U{ATIG{ 2017

(cucss)

Physics

P}IY 3C 1l_,SOI,ID STATE PI{YSICS

(2012 A,tmissions)

Time : Three Hours Maximum : 36 Weightage

Part A

Answer al! questiorls.

Each questinn carries L weightage.

1. Enumerate the Bravais lattices for an orthorhombic system.

2. What is the volume ratio of a conventional unit cell and its Wigner unit iell ?

3. Explain the physical significance of ionic radii.

4. Give the number of optieal pho.o* modes for CaF, (3 atoly per unit cell).

5. How is electronic specific heat dependent on temperature ?

6. What is Wiedmann-Franz law ?

7. What is an infrnite potential well ?

8'. Explain the concept of effective mass.

9. What is Hall effect ?

lq. What are ferroelectric domains ?

11. What is Meissner,effect ?

(12x1=12weightage)

Part B

Answer any two questions.
. Each questinn carrics 6 weighiage

1. What are Miller indices ? Draw neat diagrams to indicate Miller indices of the important planes in
a simple cubic crystal.

2. Discuss the Einstein model of lattice heat capacrty and derive.an expression for it.

Itrrn over
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3. . Discuss Landau theory of ferroelectric phase transitions

4. Derive Londori eguations and heuce obtain an expression for London penetratiron depth.

Part C

Answer any fout questions.

Eonh questian carri,es 8 weiBhtage.

1. Calculate the density of atorns in (1 0 0), (1 1 0) and (t 1 1) planes of BCC Barium whose lattice
parameter is 5.02 A.

2. The Debye temperature of diamond is 1850 K. Calculate the specific heat per Itnol for diamond at
20 K. Also compute the highest lattipe frequency involved in the Debye theory.

3. Silver metal has FCC structure and its atomic radius is 1.4 A. Deterurine the Ferui energy at 0 K.

4. Show that the wavelength of a moving electron having an energy equal tothe

1

Fermi energy at absolute zero is siven by In =, 
[*) 

.

5u Amaguetibmarterialhaselmgrie$s*io*sf,ffiF .i{ildflixd€msiryof0.@*F1tflbhe-Deternrine
the magnetic freld and the relative permeability of the material. \:

6. Calculate the wavelength of the photon required to break a Cooper pair in a superconductor whose
critical temperature is 1.2 K.

(4x3=12weightage)
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. THIRD SEMESTER M.Sc. DEGREE EXAMINATION, DECEMBER 2018

(CUCSS-PG)

Physics

PI{Y 3C ll-SOLID STATE P}IYSICS

(20L2 Syllabus Year)

..

Part A

Answer all questions.

Each question carries L weightage.

' 1. Briefly discuss the structure ofdiamond:

2. Explain what is meant by Madelung interactions. 
l

3. Differentiate between aeoustic and optical phonons.

- , I: --Ttn:::l*l*-::t
. il!

5. Explain qualitatively how the discrepancy in heat capacity was solved by the free electron model.

6. Define HaIl coefficient. Discuss its significance.

7. Distinguish between direct and indirect band gap semiconductors. 
;

8. Explain the term polarization catastrophe.

9. What is the orign of paramagnetism ?

10. Distinguish between antiferro and ferromaguetic materials.

11. What is Meissner effect ? Explain the perfect diamagnetism in superconductors.

L2. What is single particle tunneling? How does it differ fro4p Josephson tunneling ?

(1ZxL=12weightage)

Part B

. Answer any two questions.

" Each question carries 6 weightage

L. Explain the principle of X-ray diftaction. Discuss the different methods of X-ray diftaction to

determine the structure of crystals.

2. Prove that the motion of electrons through a periodic potential in a solid gives rise to the band

structure.

Time : Three Hours Maximup : 36 Weightage

Turn over



3. Explain the origtn of diamagnetism in materials' Obtain an expression for diamagnetic susceptibility
using Langevin's theory.

4. What is Josephson Tunneling ? Discuss the d.c. Josephson effect in a superconductor.
: (2x6=l2weightage)
Part C

Answer any fotlr questians.
Eoch question carries 3 weightage.

1. Show that for a simple sguare lattice, the kinetic enerry of a free electron at the comer of the first
Brillouin zone is larger than that of an electron at the midpoint of a side face of the zone by a factor

of 2.

2. Gold has the same structure as copper. Ttre velocity of sound in gold is 2100 ms-l and that in
copperis 3800ms-r. Ifthe Debyetemperature ofcopperis 348K determine theDebyetemperature

of gold. Ttre densities of gold and copper are 1.93 x 10# kg.ma and 8960 kgm+ and their atomic

weights are 197 and 63.54 amu respectivetry.

4. Derive an exp-ression for tre average hinetig,,-9*"rry pgf eleclron for a,t\r,ry {imension

5. State and explain Hunds''rules. Using thesg rules to find.out the electronic configuration of Ce3*.

which has a single f electron.

6. lllihat is the frequency of the alter:nating waveform obtained from a Josephson junction when a
voltage of 2 mY is applied across it ?

.
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THIBD SEMESTER M.Sc. DEGBEE EIGIT-{INATION, DECEMBER 2018

(CUCSS_PG)

Physics

P}IY 3C 11_-SOLID STETP PHYSICS 
i, 

: 
I ;

(2017 Syllabus Year)

Time : Three Hours Maximum : 36 Weightage

Part A

Answer al! questians. .

Each question carries t weightage

1. Mention the 14 Bravais lattices and dpeciff the restrictions on lattice parameters and angles on

each case.

#arlee fol x+ry4i&*tie{*&****.;._-
3. Plot the dispersion curves for lattice vibrations of a crystal with one and two atoms in the primitive

cell.

4. Explain the concept of phonons

5. What is HalI effect ? Give the expression for Hall co-efficient as predicted by free electron theory.

6. Describe how to caleulate the number of orbitals in an energy bd"+.

7. Distinguish between direct and indirect bandgap semiconductors. Give examples.

8. Define electric polarization. Give the relation connecting macroscopic electric field with polarization

vector.

9. Distinguishbetween pyroelectric and piezoeleetric materials,

10. State Hund's rules to obtain the ground state of an atom.

11. Explain the concept of Copper pairs in superconductors.

12. What is the importance of high temperature superconductors ? Give one example with transition

temperature.

(L2xL = 12weightage)

Turn over
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part B

Each question carri.es G weightage

13. Describe various lrinds of bonding in crystals.

L4. Obtain the dispersion relation for vibrations of monatomic lattices. Show that the group velocity is
zero at, zone boundary.

15. Derive the expression for intrinsic carrier density in semiconductors.

16. What is a Josephson junction ? Derive expressions for (i) dc and (ii) ac Josephson effects.

(2x6=12weibhtage)

Part Crar_u v

Answer any fottt questians.

Each question carrics 8 weightage.

17 . Calculate the errergy required for a beam of (i)*-rays, (ii) neutrons and (iii) electrons in a scattering
experiment to determinb the crystal structure if the wavelength of the beam is SA.

18. Specific heat capacity for Cu at 300Kis 1688 J/mol-Ii Calculate the Debyc trueratue for Cu.
(given &s = 1.38 x 10-23JK-1, N = 6.02 x 1023 atoms/mole).

I

19. Valence electron density for monovalent potassium is, NA/ = L.402x 1028 m-3. Calculate the Fermi
e.nerg7 and Fermi temperature of electrons in pritassium.

20. Estimate curie constant for Fe (N = g x rdsm{, pB =. 
g.z7 x 1g-z+.yFr1.

2l- Show that enerry level for a single electronwith no orbital angular momentum.splits to rpBB in
a magnetic freld directed along the positive z-axis.

22. Show that London equation leads to Meissner effect.

. (4x3=l2weightage)
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THIRD SEMESTER M.Sc. DEGREE (REGULAR)
NOVEMBER 2019

Physics

PITY8C11-SOLID STATE P}IYSICS

(2012 Admissions)

Time : Three Hours Maxirnum: 36 Weightage

Part A

Answer all qwsti,ons.

Eaeh qu.estion carrics L weightage,

1. Obtain Bragg's law in reciprocal lattioe.

2. Distinguish between ionic and covalent bonding.

3. Write down the dispersion relation for phonons in a monoatomic crystal.

4. Explain how anharmonicity explains thermal expansion in solids.

5. Wiat is tsIoeh tho-orsm?EryresstlrrBkreh ffiion:mathematteatly. -
6. Discuss the origin of effective mass of an electron in a lattice

7. What is an indirect band gap material ? Give example.

8. How do you classifr ferroelectric materials ?

9. Explain why diamagnetic *"t"rfds have a negative susceptibility.

10. Briefly explain spin waves.

11. Distinguish behveen Tlrpe I and Ilpe II superconductors.

12. Write a short note on High Tc superconductors.

(12xL = 12weightage)

Part B

Answer any two questians.

Each question carries 6 weightage.

1. What are symmetry operations ? Describe the princrpal symmetry operationS applicable to a three
dimensional lattice and show that five-fold rotational axis is not possible in case of lattices.

2. Deduce vibrational modes of a finite one dimensional monoatomic lattice.

Turn over
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3. Describe the free electron gas model of metals. Explain why the electronic heat is much less than
that expected from the classical value.

4. S. T. the current flowing across a Josephson junction is oscillatory when a voltage is applied across

the junction.

(2xG = 12weightage)

Fart C

Answer arry fotlur questians.

Each questian carries 3 weightage

1. Determine the value of cohesive enerry for crystals of inert gases

2. The Debye temperature of diamond is 2000 K. Calculate the mean velocity of sound in diamond,

given the density and atomic mass of diamond as 3500 Kgm-3 and 12 amu respectively. If the

interatomic spacing is 1.54 Ao, estimate the frequency of the dominant mode of lattice vibration.

3. f)efrne Hall coeffi.cient and explain its significance.

An electric field of 100 V/m. is applied to a sample of semiconductor whose Hall coefficient is

0.0125m3/C. Determine the cur:rent density. Given the electron mobiliiy is 0.36m24/ -s.

4. Discuss the Landau theory of f,erroelectric phase transition.

5. A ferromagnetic material with J = 312 andg = 2 has a Curie temperature of 125 K. Calculate the

intrinsic flux density near 0 Ii Also calculate the ratio of the magnetisation at 300 Kin the presence

of an exter,nal field of 1 mT to the spontaneous magnetisation at 0K.

6. Derive L,ondon equations in supereonductivity. Explain how these equation explain Meissner effect.

(4x8 = 12weightage)
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Time:ttrgeHours 
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*rTPg*:B6werghtage

Part A

Answer all questians.' 
Each question carrics 7 weightage-

1. Slhat is a symmetry operation ? Mention different types of symmetry elements and symmetry

operations in a cubic crystal.

Z. Ttrirat are Brillouin zones ? Construct first Brillouin zone for a two dimensional square lattice.

B. Show that the group velocity for elastic waves of lattice vibrations are zera at the edges ofBrillouin
!+.!*fr;iBrnfit

rss the limitations of Einstein model forlattice heat capacity in solids.4. Disct

b. What is the lirnitation. of free electron model in explaining Hall coefficients of metals ?

6. Expiain the concept of holes in semiconductors.

. ..-,.----,.,, 8. Dlstinguish behveen paramagnetic and ferromagnetic materiatrs.

g. Briefly explain the concept of maguons in ferromagnetic materials.
-:*1€.,.. 

Briefly explaiii'the origin of ferrimagnetic rnoments.
+++.

iuilerconductors ?

LZ. Certain superconductor has an energ.y gap of 10a eV. Calculate the wavelength of electromagnetic

radiation to which this superconductor respond. I
(12xL=l2weightage)

Part B

Answer anY t'wo questinns.

. Each question carrics 6 wei'gh.tage. ' r

18. What are reciprocal lattices ? Show that reciprocal lattice to BCC lattice is an FCC lattice and

reciprocal lattice to FCC lattice is BCC lattice.
Tunn over
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L4. Derive an erpression for lattiee heat capacity using Debye model. Discuss how this model differs

fromEinsteinrnodel 
l

15. Derive Curie-trleiss law for ferromagnetism.

16. Explain flux quantization in zupemnductors and use it to,explain the principle of macnoseopic

quantum interfereuce

(2x6=12weightage)

Part C

Each qucstibn e.affics 8 weigltage.

L7. An orthorhombic crystal has a ratio a : b : c = 0.429 z L z 0.877.find the Miller indices of the faces

whose intercepk are (i) 0.214: t:0.188 and (ri) 0,429: o : 0.126.

18. If phonon mean free path length in quartz crystal is S0 A and.the specific heat capacity per unit
volume is 4 x lOs J m-slf1 at 800 K calculate lattice thermal conductivity in quartz, (assume

phonon velocity = 5 x ld ms-l).

19. Valence electron density for monwalent potassium is, NA/ = L.AOZ x 1628 --3. For a typical curent
density of 106 An-1 obtain the drift velocity in terms of FgSmi.veloei$ for elwtrons ir*,petassium.

20. Prove that the Fermi level in an intrinsic semiconductor lies in the middle oJthe forbidden gap if
the effective qlasses of electrons and holes are equal.

2L. Calculate the value of magnetic susceptibility for a paramagnetie material (N = 9 x 104 m4,

1tB = 9.27 x L0-2a Jf1) at 0.1 IL

22. A superconducting material has a transition temperature of 8.7 K at zero magnetic field and a

critical field of I x 105 A/m at 0 K. Find the critical field at 2I{. - - =**'-
(4x3=12weigtrtage)
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Pafi A

Answer all qucstians.

Each qu,estion carri.es 1 weightage.

1. Wtrat are Miller indices ? Outline the procedures to determine it.

2. Distinguish between metallic and ionic bonding in solids.

3. Define crystal momeitum.What is rts importance ?

4. Distinguish between {Imklapp and normal processes in phonon collisions.

5. What are the assumptions of free electron model of metals ?

6. Explain temperature dCpendence of resistivity in metals using Matthiessen's rule.

7. Discuss Wiedemann-Franz law for metals. What is the reason for the failure of this law at very
low temperatures ?

8. Briefly explain the origin of perrranent magnetic dipoles in magnetic materials.

9. Discuss the concept of ferromagnetic domains.

10. Briefly explain any onz of the applications of piezoelectric crystals.

11. Distinguish between type-I and type-Il superconductors.

L2. What is Meissner effect ?

(12x1=12weightage)

' /'.dt

f-tNrA
..n:
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," Part B

'o. '. -. ., Each qunstion carrics$ weightoge,

Explain BCC, FCC and HCP structures with the help of neat diagrams. Discuss the co-ordination
numbers and packing fraction in each case.

Derive the dispersion relation forvibrations of diatomic lattices.

Obtain the expression for ground state energy (Fermi energy) of free electron gas in metals.

Derive the Curie law for paramagnetic materials.

part C

Ansuter any fout questions.

Each question carries 8 weightage.

(2xG = 12weightage)

D 90748

13.

L4.

15.

16.

18.

19.

20.

L7. Show that the volume of the first Brillouin zone is (2n18 fV",*tere V" is the volume of a primitive

cell ofreal lattice spaee.

Debye characteristic frequency for carbon (diamond) is B.gE x 1013 Hz. Calculate the (i) Debye.
temperature ; and (ii) specific heat capacity atzor( (Given &s = 1.gg x 10-2aJK-l, N = 6.02 x 102s
atoms/mole)

Na metal has a typical electron density of 104 m+. If Na has a room temperature conductivity of
2 x t07 o-1m-1, calculate electron mean free path in this metal.

Using Hund's rule, obtain the quantum numbers S, L and J of the ground state of \E+ and Fe2+
ions (V: [Ar]3da+sz and Fe : lAr]gdoasz).

The critical fields for a superconducting specimen are 1.4 x 105 and 4.2 x LOl A/m for 14 K and
13 K respectively. Calculate the (i) transition temperature ; and (ii) critieal field at EK.

If the electron concentration in a superconducting material at 0 K is 1029 m+, calculate London
penetration depth assuming all electrons in the sample are superconducting electrons at 0I(

(4x3=12weightage)

21.

22.



D 91053 (Pages:2)
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" General Instructions

1. In cases where choi.ces are prouidcd., stud.ents can attend all questions in each Section / Part.

2. The rninimum number of questions to be attend.ed from the Sectionl Part shall remnin sarne.

3. Tlwre witt be an ouerall eeiling for each SectinnlPart that is equiualent to maximum weightage of
the SectinnlPart.

Eight Short questions answerable within 71y'2 minutes.

_, 4os,*."! g1\ Oye;tyyy, each egrA_ weightage l.

1. E-xplain the concept of Miller Indices and mention important featrrres of Miller Indices.

2. Discuss the crystal structure of NaCl.

3. What are the basic assumptions on which the Debye theory is based ?

4. What are the limitations of free electron model in explaining Hall coefficient of metals ?

5. Distinguish between direct and indireet bandgap semiconductors. Give examples.

6. Briefly explain the concept of magnons in,fer"romagnetic materials.

7. What is superconductivity ? Discuss the type I and type trI superconductors.

8. What is isotopie elfect in superconductivity ?

: (8x1=8weightage)

Section B

Four ess&y questinns answerable within 3O minutes
Ansuer any two questinns, eaeh carry weightage 5.

g. Discuss the vibrations of a linear diatomic lattiee. Obtain the dispersion relation and differentiate

between the optical and acoustical branches.

Turn over
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. 10. Explain how bands arb formed in solids. Discuss the essential features of the behavior of electrons

in a periodic potential using l(roning-Penny model

11. Discuss Landau theory of ferroelectric phase transitions.

t2. Discuss DC and AC Josephson'effect and explain their importance.

(2x5 = l0weightage)

Sectioh C

Sevetr probl.ems answerable within L5 minutes

Answer any fowt questians, each carry weightage 3. 
'

13. Find the inter-planar spacing for (321) plane in a simple cubic lattice with lattice constant

4.2 x 10a cm.

14. Cornpute the cut-otrf frequency for a linear monoatomic lattice of interatomic distance 3 x 10-10m,
,.

i{the velocity of sound is 3 x 103 m/s.

15. Calculate the Fermi energy at absolute zero of sodium metal if its atomic radius 1.86 A.

16. A solid dielectric has electronic polarizability of 10ao F#. Ifthe internal eleetric field be a Lorentz

field. Find the dielectric constant of the material [Given density = 3 x 1028 atoms/m3']

\7. Copper has an FCC structure and the atomic radius is 0.1278 nm. Calculate the inter planar

spacing for (111)-planes.
t

18. Find the order of maghitude of the exehange integral of a ferromagnet having curie temperature

727" C.What is the internal field ? lGiven Ps = 9'3 x 10-2l erg#gauss]
:

19. For a superconductor the critical field at 0 K is 6.39 x 104 A/m and the critical teurperature for zero

magenetic field is 7 1g K what is the criticar leld for the materiar at 4 *'i* 
, 3 = 12 weightage)
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General Instructions

1. In cases where choices are provided, students can attend all questions in each section.

2. The minimum number of questions to be attended from the Section/Part shall remain the same.

3. The instruction if any, to attend a minimum number of questions from each sub section/sub part/

sub division may be ignored.

4. There will be an overall ceiling for each Section/Part that is equivalent to the maximum weightage

of the Section/Part.

Section A

8 Short questions answerable within 7.5 minutes.

Answer all questions, each question carries weightage 1.

1. What are symmetry operations ? Name the symmetry elements of a crystal.

2. What are the different types of bonding in the crystal and mention its characteristics ?

3. The one-dimensional monoatomic lattice acts as a low-pass filter. Explain.

4. What is Wiedemann -Franz law ?

5. What is Hall effect ? Give the expression for Hall co-efficient as predicted by free electron theory.

6. Explain the origin of the diamagnetism.

7. Distinguish between pyroelectric and piezoelectric materials.

8. What is the importance of high temperature superconductors ? Give one example with transition

temperature.

(8 × 1 = 8 weightage)

89939

89939

1105

1105

1105
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Section B

4 essay questions answerable within 30 minutes.

Answer any two questions, each carry weightage 5.

9. What are the short comings of Einstein’s theory of lattice specific heat ? Explain Debeye’s theory of

lattice specific heat.

10. Discuss with necessary theory the Kronig-Penny model and show how energy bands are formed in

solids.

11. Distinguish between ferromagnetism and anti-ferromagnetisms. Describe the Neel model of anti-

ferromagnetism.

12. Explain Meisner effect. Describe London equations and discuss how do they help in explaining

superconducting state.

(2 × 5 = 10 weightage)

Section C

7 problems answerable within 15 minutes.

(Answer any four questions, each carry weightage 3.

13. Silicon crystallizes in the diamond cubic structure. The radius of silicon atom is 0.1176 nm. The

atomic weight and density of silicon are 28.09 and 2.3 × 103 kg/m3. Give me the number of atoms

present in a unit cell.

14. If Einstein’s temperature of a material is 157 K, find the value of Cv for the material at 100 K in

cal/mol/K using Einstein’s formula. Also calculate Einstein’s frequency.

15. Find the relaxation time and mean free path of conduction electron in copper. For copper density

of the free electron 8.5 × 1028/m3, resistivity 1.69 × 10 – 8 ohm-m and average velocity of electron

1.154 × 105 m/s.

16. Helium gas contains 2.7 × 1025 atoms/m3 and dielectric constant of He atom NTD is 1. 0000684.

Calculate the electric polarizability of He atom.

17. A paramagnetic material has 1028 atoms/m3 . Its susceptibility at 350 K is 2.8 × 10–4. Calculate

susceptibility at 300 K.

18. A superconducting tin has a critical temperature of 3.7 K at zero magnetic field and a critical field

of 0.0306 T at 0K. What is the critical field at 2K ?

19. A beam of X-rays of wavelength 0.842Å is incident on a crystal at a glancing angle of 8° 35' when

the first order Bragg reflection occurs. Calculate the glancing angle of the third order reflection.

(4 × 3 = 12 weightage)

89939

89939
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Section A

8 Short questions, answerable within 7.5 minutes

Answer all questions, Each question carries weightage 1.

1. What is the difference between a metallic bond and a covalent bond ?

2. Explain the concept of Phonons.

3. What is Dulong and Petti’s law ? Why does Dulong and Petti’s law fails at low temperature ?

4. What are Brillouin Zones ? Construct first Brillouin Zone for a two-dimensional square lattice.

5. What is effective mass of a charge carrier ? What is its importance ?

6. Explain Neel’s theory of anti-ferromagnetism

7. Distinguish between hard and soft magnetic materials.

8. What is Meisner effect ?

(8 × 1 = 8 weightage)

Section B

4 Essay questions, answerable within 30 minutes

Answer any two questions, Each question carries weightage 5.

9. Describe macroscopically the origin of static dielectric constant of a substance and discuss the

classical theory of electronic polarization.

10. Obtain the expressions for the carrier concentrations in intrinsic semiconductor.

305497

305497

1105

1105

1105
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11. What are reciprocal lattices ? Show the reciprocal lattice to BCC lattice is an FCC lattice and

reciprocal lattice FCC lattice is BCC lattice.

12. Discuss BCS theory of superconductivity and briefly explain BCS ground state.

(2 × 5 = 10 weightage)

Section C

7 Problem answerable within 15 minutes

Answer any four questions, Each question carries weightage 3.

13. The distance d100 between (100) plane s in BCC structure is 0.32 nm. What is the size of the unit

cell ? What is the radius of the atom ?

14. Find the cut off frequency for a one-dimensional monoatomic chain given that the interatomic

spacing is 3Å and velocity of sound 3000 m/s.

15. Find the Fermi velocity of the electrons if the number density of electrons in sodium is

2.52 × 1028 m–3 at room temperature.

16. An electric field of 100 V/m is applied to a n-type semiconductor having hall co-efficient

 0.0125 m3/C. Determine the current density in the sample if the electron mobility is

0.36 m2 v–1 s–1.

17. If the magnetization and flux density of a magnetic material be 3200 A/m and 0.005 Wb/m2.

Calculate the relative permeability of the material.

18. The critical temperature for Hg with isotopic mass 199.5 is 4.18 K. Calculate the critical temperature

for an isotopic mass 203.4

19. Copper has an FCC structure and the atomic radius is 0.1278 nm. Calculate the inter planar

spacing for (110) and (212) -planes.

(4 × 3 = 12 weightage)
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