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Effective from June 1999

FAPER 1

Malhemstical Physics @

Functions of a compiex variable

1. Introduciion

F. fAnalvlic funclionsg

2. Coniour Integrals

4, lLaurenl series

3. Residue theorem

. Methods of firding residues

7. Evaiuation of definate integrais

. The point at infinity, residues atl infinily
7. Mappinn :

10. Some soplications of confcocrmal mapping

Inteoral transforms

"% Introduction

Wt &g o

- Laplace transforms

. SHolution of differential eguations by Laplace Lransform
« Convoiution

. Inverse lapiace transforms

Texi for (i) and (ii) Malhematical methods in the physical
sciences by M.L.Boas

2 S
.2,
.3,
&.4.
8.5.
8.4,
&8.7.
8.8.

8.9.
3.10.
8.11.
8.12.
&.13.
(a)
(b)
(c)
(d)
(e)
2.14,

Group theary

Group. subgroups and classes

Invarient sub groups. factor groups
Homomorphism and Isomarphism

Group representation

Reducible and irreducible representation
Schur's Lemmas, orthogonality theorem

Characler of a representalion. character tables
Decomposing a feducible representations into irreducible
ones

Construction of representation

Representations of groups and quantum mechanics
Lie groups and Lie algebra

The three dimensional rotatiomal group (S03)
The special unitary groups SUZ2, SU3

The homomorphism between SUZ and S03

The irreducible representation of SUZ
Representation of S03 from those of SU2

The generators of unitary groups

The group SU3

Some application of group theory in physics
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Ref: Malhemalical Physics by FP.K.Chattopadhyava
Intearal enuations and Green’s funct ans

« Introduclion

. Ceonversion cf differential eguation into an integral eguation
. Linear Harmoric cscillator

Liovilie-Mewman series separation melhods

BN Y I L Y

Ref! Mathemalical merhods fof Physicist by G.Arfken

&.1. ton romogeneous boundary value problems and Green's
functions

&.2. Green's functions for one dimensional nrobiems

£.3. Eigen function expansion of Green's furnction

&.4, Fourier transforms method of constructing tne Green's
funcltions

H.5. Green's functions in higher dimensions

&.6. Green's functions for Peission’s equation and a formal
soluclon of electrostatic boundary valiue problem

5.7. Wave egquatlicn wilh a source

Reaf: Mathematical Physics by P.K.Chattopadhyava, Wiley Eastern Lld.
Tensors

- Introcduction

«. N — dimentional space

« Superscript and subscript

. Coordinate transformalion

3. Indicial summation convention

Dummy and Real indices

7. Chronekar and symbol

. BScalars. contravarieni vectors and convarient veclors
. Tensors of higher rank

Q. Algebraic operations

1. Symmelric and Anlisymmelric tensors

2.12. Invarient tensors

2.13. Conjugale and reciprocal tensors

2.14. Relative and absolute tensors

2.15. Line eslement! and matric tensor

2.14. Fundamental tensors

2.17. Raicing and lowering of indices

2.18. Length of orthogonality of vectors

2.19, Christofell’'s C—index

£.20. Transformation laws for Christofell’s symbols
2.21. Geodesics

Z.22. Covarient differentiation of vectors

2.23. Covarient differentiation of tensors of higher rank
2.24. Cavarient derivative of fundamental tensors
2.25. Laws of covarient differentiation

2.27. Tensors form of grad, div v®, and cure

2.28. Div. of a tensor

2.29. Intrinsic derivatives

2.30. Geodesic coordinates

2.31. Riemann christofells tensors

3.39. evariea curvalure tensor and its
5-32- t - properties
.ne numger of algebrically independent componenis of the

Moy g g o m g
= 2PN QN

2
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. rurvature tensor
Contraction of Reimann — Christofells's tensor
vianchi indentities
B ek Centraclion of Viancni identity
S %7, Bimple applicalion of tensor le nen relativistic physics

in

t1ir @uantum Mechanic

Approximation Melhods for stalionary stales

e Ferlturbation Ltheory fo+ descrete levels. Eguations 1n
various crders in periurbaltion Ltheaovy
5 B The non—asgenerate state
“".3. Tre degenerale case-. removal of degeneracy
% .4, The effect of an eleciric fieid on lhe energy levels cf Lhne
atom (The stark etfectl)
s e Two eleclron atoms

The variation method

Fak. Upper hound on greound stale ensray
5.7. Applications Lo excilted stales

S%.8. Trial funcition linear in variational parameters
%.9. The hvdrogen molecule

3.90. Exchange interaction

N.H.B. Aoproximation

te The cre dimensional Schrodinger equatiion
12. Bonr-Sommerfeld quantum condition
3 N.K.S.Sa}ution of Lhe radial wave eguation

Evolution with Lime

Exact formal soiutions " Propagators
Y., Schrodinger eguation, general solution
F.&- Progagalors
Fouw. Alieraiion of Hamiltonian. Lransition and sudden
approximaltion

Ret: Textbook of Quantum Mechanics’ by Mathews ana Vanketesan
10.%. Descriplion in terms cf one electron Green's funclicn

qefi Solid Stele theory by W.A.Harrison TMH)

s

« Einslein’s Guantum theory of radiation

Z2.1. Einstein — Coefficients

2.2. Momentum transfer

®.3. Life time

Z.4. Possibility of amplification

(3
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3. Interaction of radiation with mattler

3.1. Time dependeni periurbaltion Lneory
2.2, Electric divele interaclion
Z.3.1. Creation and anninilation operalors
3.2.2. Focu stales
Geded. Yuantization of Lhe field
F3F.4. Zero woini energy o
Z.3.5%. Coherent slale description of elecircmagnetlic field
3.3.6. The interaction of radialion wilh maller
Refi Lasers and Mon linear optics by B.B.lLaud
Mew Age Internalional
Aiternative picture of Lime evoaiuswion
Z.16. The Schrodinger picture # Lransformaltion 1o other piciures
?.17. The Heisenberg piclure

{iiiy Pragramming in C

1. QOQverview of C

1.1. Introduction

t.2. Importance of C

i.3. Sample C programs

1.4. PBasit struciure cf C programs
1.5. Programming stvle

.60 Executing a “"C" program

1.7. Paints Lo remember

QY

Constlants, Variables and Data Lypes

Introduction

Charactier set

C tokens

Constants

Kevwords and ideniifiers
Variables

Pala types

Declaration of variahbies
Assigning values Lo variables
Defining symbolic constants

Mg NN U
ANV B W

Qe

2. Operatore and Expressions

3.1. Introduction

3.2. Arithmetic operators
2.3. Relational operators
3.4. Looical operalors

3.%. Assignment operators

3.5. Increment and decrement operators
#.7. Conditional operator

3.5. BRitwise operators

3.9. Gpecial operators
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.40, Arithmetic exnressions
2.41. Evaluaticn of expressions
3.1%. Procedure of @rithmetic operators
S.1%. Some ceonceplutioral problems
3.14. Type conversions in expressions
3.95. Operator procedence and associativily
2.1&. Mathematical funclions case sludies

4. Managing Input and Outoutl opsrations

1w Introduction
4.2. Reading a characler
E. Writing a characler
4.4, Formatited Input
q Formatied outputl case studies

Texthook: Programming in C by E.Balagursamy
Tata McGraw—-Hill Pub.Co. New Delti

PAPER 17
‘al! {lassical Mechanics
veod lOrbital Mechanics
ir? Electrodwnamics
(il Pliasma Phyzics
] Sltatistical Mechanics
ta) Tlassical Mechanics

i) Euler's angles (ii® Motion of a syvmmetric lop

Ganonical transformation and Hamilton Jacoby theory. Gaune
Lransformation. Canonical transformalion, condition for
transformaticn Lo be canonical, illustration of canonical

transformations. oission brackel. canonical eauations in terms of
Ppission hrackets notation. Infinitesimal small transformalions,
Relation belween infinitesimal small transformation and Poission
brackets. The Hamilion Jacoby equalion. Separation of variables.
Action angle variables, Properties of aclion andle.

Non—linear oscillations and chaos

40.1. Inilroduction

10.2. Singular points of trajectories

10.3. Non-linear oscillations, volterra's problem
10.4. Limit cvcles

10.3. Chaos

Ref: Introduction to Classical Mechanics by Takwaie and Puranik
TMH

Classical Mechanics by H.Goldslein. Addision Wesley

Classical Mechanics by A.B.Bhatia. Narosa Pub.Co. Ch.10
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ibY Orbital Mechanics

Solar system, rcelestial. sphere, soherical triandie. Horizontal.
equatorial ecliptic and gaiaclic coordinate svsiem. Gircumpolar
star. sidereal time Many body problem, integrals of many body
svsiem. formuiation of two hbody wroblem. elliplic oroit <solution
of Heplers eauation by different metheds, paraboliic orbil,
Mumerical problem relaied to the motion of artificial satellites
and heavenly bodies. orbital elements. Determiration of orbitsl
elemenis frem position and velocity.

Ref: Texl bock on spherical Aslronomy, by Smart .M. Cambridge
tniv. Fress

Introduction (o woroital mechanics by Geyling F.T. and
Weslerman, Adission-lesiev Pub. Co.

Intreoduction to Cellecstial Mechanices by McSusky H.W.
Adission Wesley

ce)  EL

b4

ciroedynamics

Elecltromacnelic radiation

F.1. Dipole radiation
?.2. Radialion from a point charae
?.3. Radiation reaction

Eiecltrodynamics and Relativitwy

10.2. Relativity Mechanics
10.3. Relativistic electraodynamics
10.14. Structure of space time

Ref: Introduction to electrodynamics by Griffith's
Prentice Hall India L.td.

Scattering and Dispersion

11.1. Scattering of radiation by a free charge
11.2. Scattering of radiation by a bound charge
11.3. Radiation damping

11.4. Dispersion in dilute gacses

11.5. Dispersion in liguids and solids

Ti.6. Mtedia contains free electrons

Ref: Electromagnetics by B.B.Laud, Wiley Eastern
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(d)  Plasma Phvsic

Hydrodynamic description of plasma

Se.1. The momenlt eguations
5.8 Derivation of the moment eaqualtions
R Magnetonydrodynamics R MHD

5.2.4. One fluid model
He2.2. Two fluid model

BR.B.G.K.Y. Equstions

i § Gt ——————————————

1. vCollisions

2. iiouvillel eguation

+.3. The system of B.B.G.K.Y. Equalions

4 The B-V equation with self consistent tielia

adooiications of Plasma

7.1 Controlled thermonuclear Reaction

7.1.ts Lawsan Criterion

7.1.2. The Conlomb Barrier

7.7.3. Heating and Confinement of plasma

7.1.4. Radiation loss of energy

Tot.%. Instabilily problem

T.2. Magnetohydrodvnamic conversion of eneray
.2 Biasma propulsion

7.4, Other plasma devices

Ref: Introduction to FPlasma Physics by F.F.Chen, Plenum Press

e Stalisiical Mechanics

Tune dependence of Fluctuations

e o

&6.1. Power spectrum of Fluctuation

H.2. Persistance and correiation of fluctuation
6.2. MWiener—Khinching theorem

&.4. Johnson noise — Nyagquist theorem-

6.5. Shot noise

&.b6. Fokker — Planck equation

Imperfact ocases and gas condensation

Van der Walis equation

Znd Virial coefficient

General virial coefficient and cluster diagrams
Gas-Ligquid condensation

[ A R
2

P (TR
.

ek e 3

Cooperative phase transition

1Z.1. Cooperative processes

12.2. Brugg — Williums approximation

12.% . Comparison with experiments near the transition temperature
12.4. Ising problem and its solution for a linear chain

7
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12.5. Series expansion melhod for the 3-dimensional Isina problem
12.6. Estimation of thermodynamic quantities

Ref: Statislicel Mechanics and Properties of Matter by E.S.R.Gopal
MacHillan

PAPER 111

SECTION I

Energy HBands
MNearly Free Electron iiodel :

frigin of eneray gap, Magnitude of the energy gap.
Bloch Functions. Kronig-Penney Model

iHave Equation of Elecitron in a Periodic Potential :

Restatement of the Bloch theorem. crystal mcmentum of an
electron, solution of the central equation, emply lattice
approximation, Aporoximale solution Near and Zone Boundary.
Effective mass of an eleclran.

Mumber of arbitate in Band: Metals and insulators

Fermi Surfaces and Metais:

Reduced zone scheme, Periodic zone scheme, construction
of Fermi surfaces. Electron orbits, Hole aorbits nd open orbits.

Calculations of energy bands:

Tight Binding Method for energy bands, Wigner - Seitz
Method, APW method, OPW and pseudopotential, cohesive energy.

Experimental methods in Fermi Surface studies @

Quantization of orbits in a Magnetic field, De-Haas-Van
Alphen Effect. Extremal orbits, Fermi Surface of copper, Magnetic
Breakdown.

Optical Properties:

Introduction, Drude model, Macroscoppic theory of
optical constants, Dispersion and Absorption, Imperfections,
Colour centres, Excitons



Supercenduclivilys

Type I and Type 11 superconduciors, critical curtents,
Landon Equatiorn. Thermodvnamics of superconducting tlransidion:
Origin of energy gap, Frohlich interaciion, cooper pair, coherencsa
length, phase coherence ‘and flux gquartization, Josephson
turnelling, BCS theory, High Tc superioncuctivily.

Ref: Intrpduction to Sclid State Physics by C.Kittle
Wiley Eastern Limited. New Delhi

8o0lid 8itate Physics by C.M.Xachhava
Tatas McGraw Hill Fub.Co. Ltd., New Delhi

Solid Stale Physis by A.J.Dekker
Macmillan and Ce. Ltd. Bombay

SECTION II (ELECTROWICS)

Power Ampiifiers:

Class A 1large signal amplifiers. secand harmonic
disto-tion, the transformer coupled audio power amplifier.
efficiency. puch pull amplifier, Class B amplifiers

Dscillatorsst

RC Phase Shift Osciilator, RC MWien Bridge oscillator
(with analysis). Transistor as a switch. transistor switching
times. Relaxation oscillator, Multivibrators — astable, monostable
and bistable. Schmidt trigger circuit.

-

HMicrowave Generators:

Klystron, magnetron and traveliing wave tube. Solid
Glate devices — Gunn diode and Impatt ‘diode.

Pawer Supplies?

Derivation for stabilization factor and ocutput
resislance for zener shunt regulator. transistor shunt and series
reoulator and feedback regulaters, current 1limiting in power

supply.

~ield Effect Transistors:

Introduction, advantages and disadvantages of the FET,
& basic construction. characleristics curves of FET, principles cf
operaiion, effect of VDs on channel conductivity, Channel ohmic
region and Pinch off region, characteristic parameters of FET.
etfact of temperature on FET parameters. Common source AC
ertplifier. Fixed bias with self bias. common drain amplifier.
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rommon gate ampiifier, frequency respcnse of the FET amplifier.

T Circuxrts:

Digital integerated circuils, 7400 Devices. TTL
rarameters. TTiL overview, aMD - OR — INVERT cales. open collector
nales. Three stale TTL devices, euternal drive for TTL loads, 7TTL
draivaing external loads, positive and neagative logic.

ipgrational Amplifiers:

Characteristics of an ideai OGPAMP, block diagram of
CPamF, differential ampiifiers, Rejeclion of common mode signals.
ranstant current repiacement for BE. The DC level shifter, @A
complimentrary oulpul ctage, The operalionmal amplifier, input and
ouloul impedances. Input off-sel vollage, input offset current.

Ref.hooks

o Integrated Electronics by Millman and Halkias, International
Students Edilion

Z. Electronic fundamental and Applications by John D.Ryder,
Prentice Hall

o Elfftronic Devices and Circuits by Allen Mottlershed. Prentice

a

4. Microwaves by K.C.Gupta, Wiley Eastern Ltd.

3. Handbook of Elecironics bv Gupta and Kumar, Pragati Prakashan,
Merut

6. Electronic Devices and Circuits by Y.N.Bapat, Tata McGraw Hill
Publishing Co. New Deihi.

7. Digital Principles and applications by Malvino and Leach, Tata

McGraw Hiil Edition

10
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SECTION III (SOLID STATE ELECTRONIC DEVICES:

PAPER 111

ELECTRICAL CONDUCTICN 1IN SEMI CONDUCTORS

Crvslal. Eleclrch energy levelis in cryvsials, Sand
theory, Insuialors, conduclors. Semicenductors, Eiectons and
Holes. Mobility, F — and N-lLype sezmiconduclors. generalion and

recombination

ELECTRONS AND HOLEE In SEMICONDUCTORS

The densitv of states i1n an Energy band, .Energy slale
densities in semi conducters and the effect of tempe-ature.
Inlrinsic semiconducltor. N-type semiconductor. F—-1lLype
semiconduéter, Variation of Fermi level with temperature. The law
of mass action, Mohile and immobiie charges, The Hall effect.

JUNCTION BETWEEN MATERIALS
Work funmclion 3in a metal, .unction belween metals,
Semicondycter Junclions with no applied voltage, semiconduclor
junciion wilh appliied voltage, Junclion Capacitance, Flow of

rurreny. across a P N junction the rectifier equation, The
bkrealkdown region of a P N junction.

BOOK

1. Transistecrs by Denis Le Croissette
Prentice Hall of India Pub. 19&53

11
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List of Experiments at M.Sc. Part I Physics

Hall mability and Hall angte.

Ignic conductivity in alkali harlides.

Determination of Band gap of semiconductor by studying
photoconductivity.

Resistivity of & semiconductor by four probe melhod.
Latbtice dynamics.

Thermoluminance of alkali halides.

Pigzo eleclrtric effect.

igeeman effect.
Ta study the ahsorption band spectrum o? 12 molecule.
Ta find efficiency of a G.M.Counter.

Find absc plicn coefficient of # particles of Aluminium.

its

Deitermination of velocity of sound in liquids using ultrasonic

interferometer.

To study the performance of a vacuum pump and verify Gaedes

egquation.,

Datermination of OPAMP parameter.

Te study universal gates (NAND and NOR).

Tﬁ study a phase shift oscillator.

Te study Wien's Bridge oscillator.

To study Astable multivibrator.

To study electronically regulated power supply.
To study FET amplifier.

12
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