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M.Se. Part-1

PAPER-I MATHEMATICAL METHODS OF PHYSICS

Vector Analysis:

Divergence theorem, Stokes’s theorem, cylinderical, spherical and curvilinear coordinates.

Special Functions:

Legendere polynomials, Bessel functions, associated Legendre functions and spherical
harmonics spherical spherical Bessel functions, Neumann functions.

Boundary Value Problent:
Boundary'value problem in physics, the Sturm-Liouville problem.

Green’s Function:

Mefinition, Green’s functions for the Strum-Liouville operator Green's functions in
electrodynamics.

Functions of Complex Variable:

Complex functions, analyticity, Cauchy-Riemann equations, multivalued functions, Cauchy’s
integral formula, Taylor and [aurent series, the residue theorem and its applications.

Fourier Series and Transforms:

Fourier series and its complex form, applications' of Fourier series, representations of a
function, properties of Fourier transforms, Fourier integral theorem, Fourier sine and cosine
transforms, applications of Fourier transforms, Laplace transform.

Tensor Analysis:

Cartesian tensors, ccordinate transformation, covariant and contravariant tensor, tensor
algebra, metric tensor.

Books Recommended:

1. Mathematical Methods for Physics and Engineering, F. Riley, M. P. Hobson and S. J.

 Bence, Cambridge University Press, (1 997). :

9 Mathematical Physics by E. Butkov, Addison-Wesley Publishing Company, (1968).

3. Mathematical Methods for Physicists by G. Arfken and H. J. Weber, Academic Press,
(1999). '

4.

Applied Mathematics for Engineers and Physicists by L.A. Pipes and L.R. Harvill,
McGraw-Hill Book Company, (1970). :

Mathematics of Classical and Quantum Physics Volume II, By F.W. Byron Jr. and
W Fuller Addison-Wesley Publishing Company, (1970).

6. Complex Variable by M. R. Spiegel, Schaum Publishing Company, (1970).
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PAPER-{] _ CLASSICAL MECHANICS | Zg,

Lagrangian Formalism:

Brief survey of Newtonian mechanics of a single and system of particles, constraints, D,
Alenibert’s principle, Lagrange’s equation and its application, calculus of variation and
Hamulton’s principle, derivation of Lagrange’s equation from Hamilton’s principle, contact

transormations. '

Gentral ForcesProblem:

Two-body central force prcblem and its reduction to the equivalent one body problem, the
equation of motion and solution for one body problem laboratory and centre of mass co-
ordinate systems and their mutual transformation, Rutherford scattering formula, .

Hamiltonian Formalism:

Lizgendre transformation and Hamilton equation of motion, cyclic co-ordinates, conservation
theorems an physical significance of the Hamiltonian for simple cases.

Canowical Transformations:

The canonical transformations and their examples, the Lagrange’s and the Poisson’s brackets,
integrals of motion, Poisson’s theorems. )

Hamilton-Jacobi th eory:
Hamilton-Jacobi theory, connections with canonical transformation, action-angle variables.

Boaoks ReC'tJrirf:rg}:rletl,'

Classical Mechanics, by H. Goldstein, Addison-Wesley, Reading, (1950).
Mechanics, by L. D, Landau, E. M. Lifshitz, Pergamon, Oxford (1960).

Classical Mechanics, by J. W. Leech, Methuen and Co. Ltd.,(1958)

Classical Mechanics, by V. D. Barger and M. G. Olsson, McGraw-Hill, (1995) .

Analytical Mechanics, by L. N. Hand and J. D. Tinch Cambridge University Press,
(1993) |
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APER-IIL . . QUANTUM MECHANICS
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PAPER-TV SOLID STATE PHYSICS-I

Crystal Structure: H

Periodic arrays of atoms,"fundamenta] types of lattices, index system for crystal planes,
simyle crystal structures, direct imagig of atomic structure, non-ideal crystal structures.
& '

Reciprocal Lattice: .

Diff-action of waves by crystals, scattered wave amplitude, Brillouin zones, Fourier analysis
of the basis, quasi crystais.

Crystal Binding and Elastic Constants:

Crystals of inert gases, ionic crystals, covalent crystals, metals, hydrogen bonds, analysis of
elastic strains, elastic compliance and stiffness constants, elastic waves in cubic crystals.
Crystal Vibrations: Phonons I:

Vibrations of crystals with monatomic basis, two ‘atoms per primitive basis, qu.antizatibn of
elastic waves, phonon momentum, inelastic scattering by phonons.

Thermal Properties: Phonons II:

Phonon heat capacity, anharmonic crystal interactions, thermal conductivity, electronic heat
capacity. ‘
Noncrystalline Solids: .

Diffraction pattern, glasses, amorphous ferromagnets and semiconductors, low energy
excitations in amorphous solids, fiber optics.

Point Defects:

Lattice vacancies, diffusion, color centers.

Dislocations:

Shear strength of single crystals, dislocations, strength of alloys, dislocations and crystal
growth, hardness of materials.

Books Recommended:

1. Introduction to Solid State Physics by C. Kittle, 7" Edition, John Wiley & Sons, Inc.
(1996)

2. Solid State Physics by Neil W. Ashcroft, N. David Mermin, CBS Publishing Asia Ltd.
(1987).

3. Solid State Physies by J. S. Blakemore, Cambridge University Press, (1991).
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PAPER-V ELECTRONICS e
&

The Semiconductor Diode: e

The juaction diode, the diode voltage-current equation, Zener diode, light-emitting diodes,
capacitance effects in the pn diode.

The Diode as Rectifier and Switch:

The ideal diode model, the half-wave rectifier circuit, the full-wave rectifier circuit, the bri dge
rectifier circuit, *neasurement of the ripple in the rectifier circuit, the capacitor filter, the
n filter; m-r filter, regulated power supply.

Models for Circuit:

The black box concept; active one-port models: the voltage-source circuit; active one-port
madels, the current-source circuit: the two-port network, the h-parameter equivalent circuit,
power in decibels.

Junction Transistor as Amplifier:

The junction transistor, the volt-ampere curves of a transistor, the current amplification
factors, , relations between the amplification factors, the load line and Q point, the basic
transistor amplifiers, simplification of the equivalent C-E circuit, the transconductance, g,
the common-emitter amplifier, conversion of the h parameters, the common-collector
amplifier, performance of the C-C amplifier, compatison of amplifier performance.

£

DC Bias for the Transistor:

Choice of the quiescent point, variation of the Q point: fixed transistor bias, the four-resistor
bias circuit, design of a fixed-bias circuit, design of the bias-stabil:zed C-E amplifier,
voltage feedback bias, design of voltage-feedback bias circuit, bias for the emitter follower,
design of the emitter follower circuit. '

The Field Effect Transistor:

[he _‘iulnction field-effect transistor; the MOS field-effect transistor, the load line for the FET,
“otaining bias for the FET, the FET as an amplifier.

Frequency Response of RC’Amphﬁers:

Casc§ded amplifier, the amplifier passband, the frequency plot, low-frecuency response, the
low-frequency limit, the unbypassed emitter resistor, high-frequency equivalent circuits and

the Miller effect, high-frequency response, the frequency limit of the trarsistor, the commmon-

base connection at high frequencies, bandwidth of cascaded amplifiers.

Negative Feedback in Amplifiers:

The black box witli feedback, stabilization of gain by negative flsedback, bandw'ldth
improvement with negative feedback, reduction of nonlinear distortion, control of amPllﬁF:r
output and input resistances, a current series-feedback circuit, voltage shut-feedback circuit,

voltage feedback with the FET.
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Integrate:d Amplifiers. ' CZL”J %

Tre integrated amplifier, the differential amplifier, the Darlington compound transistor,
imroduction 0 operation amplifier. '

Power Amplifiers:

Classification of power amplifier, power relations in the class a amplifier, voltage limitations,
crermination of output distortion, the push-pull circuit and glass B operation, performance
of a class B push-pull amplifier, output circuits without transformers, phase inverters for
pl:ash—pull input. ‘

Oscillators:

Oscillator feedback principles, the Hartley and Colpitts oscillators, practical transistot

oscillators, crystal control of frequency, resistance-capacitance feedback oscillator.
Waves Shaping and Switching Circuits:

Diode clipper,' diode clamper, differentiator, integrator. Multivibrators, the bistabl
multivibrator, the one-shot or monostable multivibrator and astable multivibrator.

Digital Circuits:
Binary numbers, Binary codes, Logic switches and gates, Logic Circuits.
Books Recommended:

|, Electronic Circuits and Systems by 1.D. Ryder/Charles M. Thomson, (1976).

7 Electronics devices and Circuits by Millman and Halkies (1978).

3 Electronics Devices by Thomos L. Floyd, Prentice-Hall Inc., Englewood Clif
(1996). ‘

4. Electronic Principles by Albert P. Malvino, Glencoe MecGraw-Hill Book Co. (1993

5. Digital Fundamentals by Thomas L. Floyd, Prentice-Hall Interpational !
Englewood Cliffs, (1994). - '

6. Electronic Devices and Circuit Theory by Boylestad and Nashhelsky, 7" Edition
Published by Prentice-Hall, (1997). ‘
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Appendix “A”
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Solid State Physics I1
Statistical Physics
Relativity and Cosmology
Computational Physics
Classical Electrodynamics

Nuclcar Physics

Solid State Theory

Advanced Solid State Physics /

Solid State Physics.Lab

Particle Physics I

Particle Physics II

Advanced Electronics

Advanced Electronics Lab

Advanced Nuclear Physics

Advanced Nuclear Physics Lab

50
50
50
50
100
100

100

100

100
100

100
100

100
100

200

600 Marks
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! Appendix “B”
(Syllabi & Courses of Reading)
M.Se. Part-11

PAPER:I SOLID STATE PHYSICS 11 ;\)

Free Electron Fermi Gas:

nergy levels in one dimension, effect of temperature on the Fermi-Dirac distribution, ree
electron pas in three dimensions, heat capacity of the electron gas, experimental clectrical
resistivity of metals, umklapp scattering, motion in magnetic fields, Hall eftect, thermal
conductivity of metals. ratio of thermal to electrical conductivity, nanostructures.

Energy Bands:

Nearly free electron model, origin of the energy gap, magnitude of the energy gap, Bloch
functions, Kronig-Penney model, wave equation of an electron in a periodic potential,
cestatement of the Bloch theorem, crystal momentum of an electron, solution of the central
equation, empty lattice approximation, approximate solution near a zone boundary, number of
orbital in a band. metals and iasulators.

Homogeneous Semiconductors:

Band gap, equation of motion, effective mass, physical interpretation of the effective mass,
effective masses in semiconductors, silicon and germanium, intrinsic carrier concentration,
intrinsic mobility. impurity conductivity, donor states, acceptor states, thermal ionization of
donors and acceptors, thermoelectric effects. semimetals, superlattices. ‘

Inhomogeneous Semiconductors:

The semiclassical treatment of inhomogeneous solids, ficlds and carrier densities in the
equilibrium p-n’ junction, elementary picture of rectification by a p-n junction, drift and
diffusion currents, collision and recombination times fields, carrier densities and currents in

“the nonequilibrium p-n junction.

Diamagnetism and Paramagnetism:

Langevin diamagnetism equation, quantum theory of diamagnetism of mononuclear systeins,
rare earth ions. Hund rules, iron group ions, crystal field splitting, quenching of the orbital
angular momentum, spectroscopic splitting factor, Van Vleck temperature-independent-
paramagnelism, paramagnetism, quantum  theory of paramagne lism, paramagnetic
susceptibility of conduction electrons. ‘

Books Recommended

1. Introchiction to Solid State Physics by C. Kittel, 7" Edition, Johan Wiley & Sons, inc.
(1996). :

2 Elementary Solid State Physics by M. A. Omar. Addison-Wesley Publishing Co. Inc.

' (1975).

3. Solid State Physics by Neil W. Asheroft & M. David Mermin, Holt-Sanders Int.
Edition. '




PAPER-II STATISTICAL PHYSICS /&,ﬁ

’ ’i
Classical Statistical Mechanics: ? /

e

Phase space description of physical systems, macrosysterns and macrosystems, ensembles,
catropy in- statistical mechanics, microcanonical ensemble, canonical ensemble, grand
canonical ensemble, diatomic molecules, heat capacities of diatomic gasses and crystals.

Quantum Statisgics:

' Basic concept of quantum statistics, Pauli exclusion principle, Bose-Einstein and Fermi-Dirac

distributions, frequency spectrum of a black body and Planck’s radiation law, Liouville’s
theorem, equality of probability for the perfect gas, energy distribution of conduction
clectrons in metals, degree of gas degenerations, completely degenerate Fermi-Dirac gas.

Special Topics:
Concent of Muctuations, Bose-Einstein condensation, introduction to density matrix approach.
Books Reconmumended:

Elementary Statistica Physics by C. Kittle,

Fundamentals of Statistical and Thermal Physics by R. Reif.

Modern Physics dAn Introducing to its Mathematical Language by William A.
Blanped. :

4. Statistical Physics by Pouition Longman.

P) 9 »—
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PAPER-IIY/ 'RELATIVITY AND COSMOLOGY

special Relativity:

3 1

Galilear selutvity, concept of ether, Michelson-Morley experiment, Eistein’s postulates of
special relativity, Lorentz transformations, structure of spacetime, Minkowski spacetime
tensors the light-cone, line element, four-vectors, relativity of simultaneity, time dilation,
proper dme, length contraction, twin paradox, velocity transformation and velocity addition.
Relutivistic Mechanics:

Force equation in relativity, rest mass, kinetic and total energy, conservation of energy and
momentun).

Elements of Tesnsor Calculus:

Manifolds and coordinates, curves and surfaces,. tensor fields, Lie derivative, geodesics,
Riemann tensor, metric tensor.

Generol Kelativity:
Principles of general relativity, equation of geodesics deviation, Einstein’s field equations.
Cosimology:

Newtonian cosmology, cosmological redshift, Hubble’s law, microwave background, the Big
Bang, expansion rate, matter and radiation domination, history of the universe.

Books Recommended: ' .
1. Dynamics and Relativity, by W. D. McComb, Oxford University Press, (1999).
2. Introduction to Cosmology, J. V. Narlikar, Cambridge University Press, (1989).
3.

Introducing Linstein’s Relativity, R. D’Inverno, Oxford University Press, (1992).

14
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PAPER-1V CONPUTATIONAL PHYSICS :
Numerical Methods: (@’ L/

Euler-Newton method for solving differential equations, the trapezoidal rule for numerical
quacrature and simple apptications of random number, solution of integral equations, linear
algebra, solution of linear algebraic equations, sorting and curve fitting.

Scientific Computing Languages:

i . @ :
Introduction to FORTRAN and C™ and programming techniques in practical applications to
basic Physics problems.

Computer Graphics:

"Use of computation and computer graphics to simulate the behavior of complex Physical
systems, computational techniques in investigating and visualizing fundamental physics.

Scientific Packages:

Introduction to MATHIMATICA and MATLAB and their use in physics.

Books Recommended:

. Numerical recipzs. The Art of Scientific Computing, by W. H. Press, Brian P.
Flannery, Saul A. Teukolsky and William T. Vetterling, Cambridge University Press
(1988).

> £
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PAPEER.-V k{ CLASSICAL ELECTRODYNAMICS

Electroaics:

Ilectric dipole, potential encrgy of a dipole in an electric field, mutual energy of two dipoles,

force and couple on the dipole placed in an external electric field, multipale expansion of
electric fields external field of a dielectric displacement vector, electric susceptibility and
dielectric constant, boundary conditions on the field vectors, potential energy of a group of
point charges, electrostatic energy of a charge distribution, energy of an electrostatic field,
energy of a system of charged conductors, stress in the electrostatic field and dielectric

-media, coefficients of potential, capacitance and inductance.

Fquaticn of Poisson and Laplace, applications of Laplace’s equation to problems (conductors

and diclectrics) having sphecical cylindrical and cartesian symmentry, electrical images

(conductors and dielectrics).
Lteetric Current:

Nature of the current, current density and equation of continuity, Ohm’s law, steady current in
media without sources of e.m. 1, approach to electrostatic equilibrium.

Magnetic induction, force on current carrying conductors, Biot-Sawart law, Ampere’s
circuital law, the magnetic vector and scaler potentials, the magnetic field of a distant circuit,

Magnetic Properties of Matter:

Magnetisation, vectors M and H produced by magnetized materials field equation, boundary
conditions on the field vectors. -

Maxwell's Equations and their Applications:

Maxweil’s equations and the generalization of the Ampere’s law, electromagnetic energy,
vector and scalar potentials, gauge transformations (Lorentz gauge, coulombs guage).
pressure of radiations, Green’s function for time dependent wave equation, retarded scaler and
vector potentials, radiation from an oscillating dipole, plane electromagnetic wave, plane
waves in a conducting and non-conducting media, linear and cirucular polarization, and
superposition of waves in one dimension, boundary conditions, reflectior and refraction of
clectromagnetic waves at a plane interface between dielectrics, waves polarization by
ellection and total internal reflection, reflection from a conducting medium, covariant

2ormulation of electrodynamics, transformation laws of electro magnetic fields, the field of a

“imiformly moving and accelerated electron.

Plasma Physics:

niroduction, electrical neutrality in a plasma, particle orbits and drift motion in a plasma,
nagrictic mircors, the Lydromagnetic equations, pinch effect, plasma oscillations and wave

HIE oI G LN
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Lasers: i £ ' ;Zﬁ
' 4 .

Black body radiation, Induced emission and the gain coefficient, oscillations, output coupling,

- power and efficiency, optical resonators, fluctuation in lasers, solid state lasers, optical

coupling, laser fesonators, giant pulse techniques oscillators-ampliﬁer lasers, power and
encrgy supplies, high repetition rate laser, ruby laser, gas laser, semi-conductor diode laser,
theory of p.n. junction laser, efficiency and thresh-hold current of diode lasers, applications of
lasers .

Books Rec'c‘inmrended:

! Classical Electrodynamics by Jackson, Wiley, (1975).

2, Electricity and Magnetism by W. I. Duffin » McGraw-Hill, (1990).
3.7 Electromagneiism by LS. Grant and W. R. Phillips Wiley ( 1990).

4 Introduction to Electrodynamics by D, Griffiths Prentice Hall, (1989).
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f L"’/ PAPER-Y] NUCLEAR PHYSICS

Basic Properties of Nucleus: | X W

‘

Size and mass of the nucleus, nuclear spin, magnetic dipole moment, electric quadrupole
moment, parity and statistics.

Derectors:

Passaze of c’harged particles through matter, ionisation chamber, proportional counter,
scintillation counter, semi-ccnductor detector, emulsion technique, bubble chamber,

Particle Accelerators:

l.inear accelerator, Van de Graff, betatron, synchrocyclotorn, proton synchrotoron.

Radio-Active Decay:

Theory of aipha decay, and explanation of observed phenoma-measurement of f-ray energy,
the magnetic lense spectrometer, Fermi theory of B-decay, neutrino hypothesis, theory of
gamma decay, multipolarity of gamma-rays, nuclear isomerism.

Nruclear Forces:

Yukawa theory, proton-proton and neutron-proton scattering, charge independence of nuclear
force, isotopic spin. \ -

Elementary Particles:

Strong, electrdmagnetic and weak interactions, conservation laws, violation of parity
conservation in weak interactions, neutrino and anti-neutrino, direct evidence of anti—
neutrino, muons, the mean life of muons, spin and magnetic moment of muons, the pions,
spin and mean life of charged and neutra) poins, the strange particles, K-mesons, hyperons
and hyperfragments.

Nuclear Models:

Liquid drop model, shell model, collective model.

Nuclear Reactions:

Conservation laws of nuclear reactions, Q-value of nuclear reacfion, threshold energy,
transmutation by photons, protons, deutrons and alpha particles, excited states of nucleus,
energy levels, level width, Cross section from nuclear reactions, compound nucleus theory of

auclear reactions, limitations of compound nucleus theory, resonances, Breit-Wigner formula,
direct reactions. ‘

18
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Neutron Pliysics:

Neutron sources, radioactive sources, photo neutoron sources, arged particle sources,
reactor as a neutron source, slow neutron detectors, fast neutron detectors, measurement of
neutron cross-sections as a function of energy, slowing down of neutron, nuclear fission,
description of fission reaction, mass distribution of fission energy, average number of

- neutrons released, theory of fission and spontaneous fission, nuclear chain reaction and

applications. ‘
Thermonuclear Reactions:

Fusion and thermonuclear process, energy released in nuclear fusion, formation of heavy
elements, semi-carbon nitrogen cycle controlled nuclear fusion, .

Books Recommended:

Nuclei and particies by E. Serge. W. A. Banjamin Inc (1965).

A Text Book of Nuclear Physics by C.M.H. Smith, Pergamon Press Oxford (1966).
Nuclear Physics by A.E.S. Green, McGraw Hill Book Co. (1966).

Nuclear Physics by 1. Kaplan, Addison-Wesley (1963).

The Atomic Nucleus by Evens, McGraw Hill, (1965).
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OUTLINES OF COURSES
”

OPTION-{ 'lﬁm,u) SFATE PHYSICS

Paper-VII Solid State Physics-1 Marks 100
Introiuction: The solid state problem, the Born-Oppenheimer approximation.

The One-Electron Approximation: Free electron gas model (FEG), applications of’ FEG , failure of FEG.

Effect of Non-Uniform Crystal Potential: The Bloch wave, the reciprocal lattice, the nearly free electron model
(NFE) in one-dimension, the concept of energy band structure, the Fermi surface, Fermi velocity in NFE. The
EJoch electron, the concept of effective mass.

Methods of Caiculating Energy Band Structures: The LCAO method. the APW method, the OPW method, the

concent of pseudopotentials,

Eleciron intcractions: The self-consistent calculations, the Hartree-Fock equation, plane-wave solution of the HF
equation. problems.

Optical Processes and Excitons: Optical reflectance, Kramer-Kronig relations, example, conductivity of
eollisionless electron gas, electron interband transiticns, excitations, Frenkel excitons Alkali halides, molecular
crystals, weakly bound (Mott-Wannier) excitons, exciton condensation into electron-hole drops (EHD), Raman
effect in crystals, electron spectroscapy with X-rays, energy loss of fast particles in a solid, summary.
Superconductivity:

Ixperimental survey, occurrence of superconductivity, destruction of superconductivity by magnetic fields,
Meissner cffect, heat capacity, energy gap, microwave and infrared properties isotope effect, theoretical survey,
thermodynamics of the superconducting transition, London equation coherence length, BCS theory of
supsreonductivity, BCS ground state, flux quantization in a superconducting ring, duration of persistent currents,
wype Ul superconductors, Vortex stat, estimation of H,, and M, Single particle tunneling, Dc Josephson effect,
Ac Josephson effect, Macroscopic quantum interference, high-temperature superconductors, critical fields and
critical cusrents, Hall number, fullerenes, summary,

Dielectrics and Ferroelectrics: Maxwell equations, polarization, rmacroscopic electric field, depolarization field,
E,, local zlectric field at an atom, Lorentz field, F,, field of dipoles inside cavity, Fs, dielectric constant and
polarizability, electronic polarizability, structural phase transitions, ferroelectric crystals, classification of
ferroelect-ic crystals, displacive transitions, soft optical phonons, Landau theory of h: phase transition, second-
order transiticn. first-order transition, antiferroeleciricity, ferroelectric domains, piczoelectricity, ferroelasticity,
optical ceramics, summary.

Books Recommended:

1. Solid Stute Physics by Asheroft & Mermin, (1976).

2 inirsduction to Solid State Physics, 7™ Eddition, by C. Kittle, (1996).

5 Elementary Solid State Fhysics vy M. A. Omar, (1975).

1. Ouentum Theory of the Solid State by j Callaway, (1991).

3. Principles of the Theory of Solids by 1. M. Ziman, (1969).

Paper-VIII i"J!in’.':d State Physics-11 Marks 100

Phonons: Classical, Einstein and Debye models for specific heat, Hamiltonian of the: ¢lectron-phonon interaction,
renarmalization of the effective electron mass, screening of the electron-phonon iateraction, ionic crystals, the
polarorn.

Optical Properties: Macroscopic description and microscopic model, mirco-scupic theory of frequency-
dependeit dielectric constants, optical properties of semi-conductors, quantization of electromagnetic field,
interaction of conduction electrons.

Transport Phenomenoa: Semiclassical model of for conduction of metals, Boltzmunn equation, relaxation time,
conductivity equation.

Solids in Externa! Magrnetic Fields: Free electron approximation in magnetic field, Landau diamagnetism in free
electrons, spin Hamilionizn, the Hubbard model, Pauli paramegnetism of condust.on electrons, De Haas van
Alphan effect, the quantum Hall effect. ’

Mose Precacs Part- Cptional Colzsas 2




etism and Antit'erromagnetism: Ferromagnetic order, curie point and the exchange integral,
fature dependence of the saturation magnetization, saturation rnagnetization at absolute Zero, magnons,
gLantization of spin waves, thermal excitation of magnons, neufron magnetic scattering, ferromagnetic order,
curie temperature and susceptibility of ferrimagnets, iron garnets, antiferromagnetic order, susceptibility below
the Neel temperature, antiferromagnetic magnens. Ferromagnetic domains, anisotropy energy, transition region
oitween domains, solitons, origin of domains, coercivity and hysteresis, single domain particles, geomagnetism
and biormanetism, magnetic force microscopy, magnetic bubble domains, summary.

Magnetic Resonance: Nuclear magnetic resonance, equations of motion, line width, motional narrowing,
hyperfine splitting, examples: paramagnetic point defects, knight shift, nuclear quadrupole resonance,
ﬂ':rromagrmtic resonance, shape effects in FMR, spin wave resonance, antiferromagnetic resonance, electron
paramagnetic resonarce, exchange narrowing, zero-field splitting, priciple of master action, three-level maser,
ruby laser, summary.

Books Recommended:

Solid State Physics by Asherofi & Mermin, (1976).

Introduction to Solid State Physics, 7" Eddition, by C. Kittle, (1996).
Elertentary Solid State Physics by M. A. Omar, (1975).

Quantizm Theory of the Solid State by j. Callaway, (1991).

Principles of the Theory of Solids by J. M. Ziman, (1969).

R I

OPTION-1 PARTICLE PHYSCIS

Paper-1X Particle Physics-1 Marks 100
Farticle Classification: Quantum numbers, leptoas, hadrons, baryons, mesons, quarks.

The Fundamental Interactions: The electromagnetic coupling, the strong coupling,- the weak coupling,

Siymmelry Transformation and Conservation Laws: Translation in space, rotation in space, the group SU (2),
systems of identical particles, parity, isospin charge conjugation, time reversal, G parity, CPT theorem.

The Electromagnetic Field: Gauge invariance and Maxwell’s equations, polarization ¢nd photon spin, angular
momentum, parity and C parity of the photon.

The Klein-Gordan Equation: Non relativistic quantum mechanics, Lorentz covariance and 4 vector notation, the
Klein Gordon equation, the Feynman-Stuckelberg interpretation of E < solutions, noi relativistic perturbation
theory (brief review), rules for scaltering amplitudes 1n the Feynman-Su.lkelberg approach.

The Dirac Equation: Covariant form of the Dirac Equation, Dirac Y-matrices, conserv:4 current and the adjoint

equation, free particle spinors, antj particles, normalization of spinors and the completeness relations, bilinear
covariants, zero mass fermion, the lwo-component neutrino,

Books Recommended:

Nuclear and Particlz Physics by Burcham, E. E. and Jobes, M., Longman, (1995).

i

2. Intreduction to Nuclear and Particle Physics by Das, A. and Ferbel, T., Johan Wil v and Sons, (1994),

3. Concepts of Particle Physics by Gottfried, K. and Weisskopt, F., Vol. 1, Oxford University Press, (1986).

4. Introduction af elementary Particles by Gritfiths, )., John Wiley and Sons, (1987).

5. Nuclear and Particle Physics by Williams, W.S.C.. Oxtord University Press, (1993).

6. - A Modern Introduction to Particle Physics by Fayyazudding and Riazuddin, Worl Scientific, (1992)

7 Quarks and Leptons by Halzen F and Martin A.D., Wiley, (1984),

& Relarivistic Ouantur Mechanics by Bjorken; J. O, and Drell, S. D., McGraw. Hill, (1964) International

Edition reprinted in (1995).
9. Quantum Mechanics by Riazuddin and Fayyazuddin, World Scientific, (1990),

Paper-X Particle Physics-11 Marks 100

Hadron Spectroscopy: Formation experiments, partial wave formalism and the optical theorem, the Breit-Wigner
resonance formu'la, baryon resonances, phase space considerations, production experinunts,
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Tae Quark Model: The group SU (3), quarks, hadrons (baryons. mesons in quark model, heave meson
spectroscepy, the quarkonium model,

The Standard Model (qualltanve treatment only): Unification of weak and electromagnetic interactions Glashow-
Salam-Weinberg Model.

Electrodynamics of spinless paxtluleq An “electron” in an electromaguetic field A* “spinless™ electron — muon
scattering, the“cross section in terms of the invariant amplitude M, the decay rate in terms of M, “‘spinless”
electron — clectron scattering, electron — positron scattering: and application of crossing, invariant variables, the
origin of the propagator.

Elcctmdynumics of Spin Y; Particles: An electron interacting with an electromagnetic field A* , Moller scattering
e'e +ee the process e " [ = e, trace theorems and properties ofy mal.nccs e W bcatlcrmg and the
process e “e "' ', helicity conservation at high energies, survey of e “e " =+e e, " W, e w = e W inthe
laboratory {rame; kinematics relevant to the parton model, photons, polarization vectors, more on propagators,
the electron propagator, the photon propagator, massive vector particles, real and virtual photons, Compton
scattering ye " =y ¢, pair annihilation ¢" ¢ =y, the + is prescription for propagators, Eeynman rules QED.

Books Recommended:

L Relativistic Quantum Mechanics by Bjorken, J. D. and Drell, §. D., McGraw-Hill, (1964) International
Edition reprinted in (1995).

Nuclear and Particle Physics by Burcham, E. E. and Jobes, M., Longman, (1995).

Introdiction to Nuclear and Particle Physics by Das, A. and Ferbel, T., Johan Wiley and Sons, (1994).
Concepts of Particle Physics by Gottiried, K. and Weisskopt, F., Vol. 1, Oxford University Press, (1986).
Introduction of elementary Particles by Griffiths, D., John Wiley and Sons, (1987).

Nuclear and Particle Physics by Williams, W.S.C., Oxford University Press, (1993).

A Modern Iniroduction 1o Particle Physics by Fayyazudding and Riazuddin, World Scientific, (1992)
Quarks end Leptons by Halzen F and Martin A.D., Wiley, (1984), :

Quantuin Mechanics by Riazuddin and Fayyazuddin, World Scientific, (1990).

Rl SIS o NV R

OPTION-11!  ELECTRONIC COMMUNICATION
Paper-XI Electronic Communications-I (Theory) Marks 100

Amplitude modulation principles: Modulation, AM, FM, pulse modulation, power relationships, assignable
frequency speetrum, band selection.

AM transinitters: c¢Circuits, high level modulation, double modulation, AM with pulsz width modulation, low
level modudation.

AM radio receivers and transmitters: Superheterodyne receiver, double conversion reccivers, receiver circuits: IF
Amplifiers AM detectors, autometic gain control, audio amplifiers, squelch, receiver schematics, loudspeakers,
\ ;

AM steren.

Frequency Medulation Principles: Modulated wave, 'M radio frequency band, dire:t and indirect frequency
madulatior. (Phase Modulation). carrier phase in the frequency-modulated wave. FM detectors, stereo FM, FM
receiver.

Televizion: Scanning principles, deflection systems, video camera tubes. video picture, nignal, TV receiver Front
end, color TV receivers.

Seteilite Communication: Basic concept, earth station to earth station via satellite, service requirements, orbits,
modulation and multiplexing, packetiser and depacketises, special problems in satellite sommunication.

Optical communication: Introduction of Optical Fibers, Optical sources and detection optical moduiation
techniques

Digitai Communication: Spectral analysis and filtering theory, communication charnels, entropy and source
coding, data compression techniques, digital radio, spectrum communication svstems, mobile wireless
communication svstam.
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Communization principles in earth observation: Remote sensing, sensors for optical remote sensing, remote
sensing from space, environment and agricultural applications,

Books Recommended:

1 Liectranic Communication by Kennedy George, McGraw Hill, 1992,

2. ilectronic Fundamentals by Thomas L. Floyd, 2nd. Ed., Maxwell-Macmillan, New York, 1991.

3. Lssential of Communication Electronics by M. Slurzberg and W. Osterfield, National Book Foundation,
Islamabad, 1991.

4. Introduction to Linear Electrical Circuits and Electronics by M. . Kelly and B. Nichols, John Wiley, New
York,1988.

5. Electronic Circuits Handbook by Michael Tooley, BPB Publications, New Delhi, 1094,

6. Introduction to Electronic Design by F. H. Mitchell Jr. and Mitchell Sr., Prentice Hall, London, 1988.

7. Digital Principles and Applications by A. P. Malvino and D. P. l.each, 4th Ed., McGraw Hill, New York,
1986

8. Perspectives in communication by U.R, Rao, Pub. World Scientific;, 1987.

9. Digital Electronics By C. E. Strangio, Prentice Hall, London, Latest Edition

10. Digital Computer Electronics By Malvino A. P. and Brown J A., McGraw Hill School Publishing
Company, 1993,

1. Electronics for Today by Tom Duncan, Oxford University Press

Faper-X11 Electronic Communications-I (Laboratory) Marks 100
Mote: The students are required to do 8 experiments from the tollowing, experiments:

1. Design and study the application of operational amplifier (current to voltage converter, Instrumentation

amplifier, buffer, voltage clamp, integrator, differentiator, low and high pass filter, half —~wave rectifier etc.).

Design sinusoidal oscillators and function generators.

3. Design RF transistor oscillator, Convert it into a transmitter, detect the trahsmitted wave by a radio receiver
(both for AM & FM).
Circuit study and fault finding of audio-oscillator/ commercial radio and T.V.

5. Design und construct an analog to digital and digital to analog converters using 10275,

0. Design and study of decoder, encoder, multiplexer and demultiplexer circuits and compare the input output
wavetorms,

7. To construct and understand an operation of arithmetic logic unit and study cf different arithmetic logic
operations.

. Design and construct active fillers and study their frequency response.

9. Design and constrict a infrared transmitter detected the transmitted wave.

(0. Design and constrict a ultrasonic transmitter and receiver,

1. Using microprocessor based trainer’s and study the microve and optical communication and control the
information from host personal computer.

[

OPTION-TV  ABVANCED ELECTRONICS

Paper-Xiiil { Digital Electronics, Microprocessors and Microcomputer Systeins-I (Theory) ‘Marks 100
Operaticnal amplifiers: Ideal operational amplifier, differential amplitier, emitter coupled differential amplifier,
offset error and voltages/currents, operational amplifier parameters and applications, frequency response of
operational amplifiers.

Combinational Digital Circuits and Systems: Overview of number system, digital codes and circuits. Arithmetic
circuits, Decoders/Encoder and multiplexers.

Sequentiul Logic; Flip-flops, latches, JK, T and D flip-flops, Master-slave flip-flops.
Register and Counters; Shift registers, ripple and Synchronous binary counters. Analoy to digital conversion and
digital to analog coriversion, conversion errors.

Memory and programmable logic: ROM and RAM, memory decoding, error detection and correction, PLD, PLA
and PAL.




Yae Quark Model: The group SU (3), quarks, hadrons (baryons., mesons in quark model, heave meson
spectrascepy, the quarkonium model.

Tae Standard Model (qualitative treatment only): Unification of weak and electromagnetic interactions Glashow-
Salam-Weinberg Model.

Electrodynamics of spinless particles: An “electron” in an electromagietic field A* ,“spinless™ electron ~ muon
scattering, the'cross section in terms of the invariant amplitude M, the decay rate in terms of M, “spinless”
electron — clectron scattering, electron - pesitron scattering: and application of crossing, invariant variables, the
origin of the propagator.

Electrodynumics of Spin ¥ Particles: An electron interacting with an electromagnetic field A* , Moller scattering
e'e e e, theprocesse W = e, trace theorems and properties of y matrices, e ~ | scattering and the
process e " e “p’ W, helicity conservation at high energies, survey of e e +e e, p w.e W+ e pinthe
laboratory frame; kinematics relevant to the parton model, photons, polarization vectors, more on propagators,
the electron propagator, the photon propagator, massive vector particles, real and virtual photons, Compton
scatlering ye* =y e, pair annihilation ¢” e —+yy, the + is prescription for propagators, Eeynman rules QED.

Boeks Recomumended:

U Relativistic Quantum Mechanics by Bjorken, 1. D. and Drell, $. D., McGraw-Hill, (1964) International
Bdition reprinted in (1995).

Nuclear and Particle Physics by Burcham, E. E. and Jobes, M., Longman, (1995).

Introduction to Nuclear and Particle Physics by Das, A. and Ferbel, T., Johan Wiley and Sons, (1994).
Concepts of Particle Physics by Gottfried, K. and Weisskopt, F., Vol. 1, Oxford University Press, (1986).
Introduction of elementary Particles by Griffiths, D., John Wiley and Sons, (1987).

Nuclear and Particle Physics by Williams, W.S.C., Oxford University Press, (1995).

A Modzrn Introduction to Particle Physics by Fayyazudding and Riazuddin, World Scientific, (1992)
Quarky and Leptons by Halzen F and Martin A.D., Wiley, (1984).

Quantuin Mechanics by Riazuddin and Fayyazuddin, World Scientific, (1990).
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OPTION-11!  ERLECTRONIC COMMUNICATION
Paper-XI Electronic Communications-I (Theory) Marks 100

Amplitude modulation principles: Modulation, AM, FM, pulse modulation, power relationships, assignable
frequency spectrum, band selection,

AM transinitters: cCireuits, high level modulation, double modulation, AM with puls2 width modulation. low
level medudztion.

AM radio receivers and transmitters: Superheterodyne receiver, double conversion reccivers, receiver circuits: [F
Amplifiers AM detectors, automatic gain control, audio amplifiers, squelch, receiver rchematics, loudspeakers,
AM steren,

Frequency Moduiation Principles: Modulated wave, FM radio frequency band, direct and indirect frequency
modulation. (Phase Modulation), carrier phase in the frequency-modulated wave. FM detectors, stereo FM, FM
receiver

Televizion: Scanning principles, deflection systems, video camera tubes. video picture, nignal, TV receiver Front
end, color TV receivers.

Seteilite Communication: Basie concept, earth station to earth station via satellite, service requirements, orbits,
moduleticn and muliiplexing, packetiser and depacketises, special problems in satellite communication.

Optical communication: Introduction of Optical Fibers, Optical sources and detection optical moduiation
techniques

Digital Communication: Spectral analysis and filtering theory, communication charnels, entropy and source
coding, dutz compression techniques, digital radio, spectrum comnmunication systems, mobile wireless
cominumcation systam.
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Communization principles in earth observation: Remote sensing, sensors for optical remote sensing, remote
sensing from space, environment and agricultural applications.

Books Recommended:

L Llectronic Communication by Kennedy George, McGraw Hill, 1992,
2. Llectronic Fundamentals by Thomas L., Floyd, 2nd. Ed., Maxwell-Macmillan, New York, 1991.
3. Lssential of Communication Electronics by M. Slurzberg and W. Osterfield, National Book Foundation,
Islamabad, 1991.
4. Introduction to Linear Electrical Cireuits and Electronics by M. €. Kelly and B. Nichols, John Wiley, New
York,1988.
3. Electronic Circuits Handbook by Michael Tooley, BPB Publications, New Delhi, 1994.
6. Introduction to Electronic Design by F. H, Mitchell Jr. and Mitchell Sr., Prentice Hall, London, 1988.
7. Digital Principles and Applications by A. P. Malvino and D. P. 1each, 4th Ed., McGraw Hill, New York,
1986
- 8. Perspectives in communication by U.R. Rao, Pub. World Scientific, 1987.
9. Digital Electronics By C. E. Strangio, Prentice Hall, London, Latest Edition
10. Digital Computer Electronics By Malvino A. P. and Brown J A, McGraw Hill School Publishing
Company, 1993,
1. Electronics for Today by Tom Duncan, Oxford University Press.

Faper-X11 Electronic Communications-1 (Laboratory) Marks 100
Note: The students are required to do 8 experiments from the following, experiments:

1.~ Design and study the application of operational amplifier (current to voltage converter, Instrumentation
amplitier, buffer, voltage clamp, integrator, differentiator, low and high pass filter, half —wave rectifier etc.).

. Design sinusoidal oscillators and function generators.

3. Design RF transistor oscillator, Convert it into a transmitter. detect the transmitted wave by a radio receiver
{both for AM & FM).

4. Circuit study and fault finding of audio-osciilator/ commercial radio and T.V,

5. Design und construct an analog to digital and digital to analog converters using 15,

0. Design and study of decoder. encoder, multiplexer and demultiplexer circuits and compare the input output
wavetorms.

7. To construct and understand an operation of arithmetic logic unit and study cf different arithmetic logic
operations.

8. Design and construct active filters and study their frequency response.

9. Design and constrict a infrared transmitter detecied the transmitted wave,

10. Design and constrict a ultrasonic transmitter and receiver.

il Using microprocessor based trainer’s and study the microve and optical communication and control the
information from host personal computer.

OPTICN-TV  ABVANCED ELECTRONICS

Paper-Xjll ( Digital Electronics, Microprocessors and Microcomputer Systeiay-1 (Theory) ‘Marks 100
Operaticnal amplifiers: Ideal operational amplifier, differential amplitier, emitter coupled differential amplifier,
offset error and voltages/currents, operational amplifier parameters and applications, frequency response of
operationzl amplifiers.

Combinational Digital Circuits and Systems: Overview of number system, digital codi:s and circuits. Arithmetic
circuits, Decoders/Encoder and multiplexers.

Sequentiul Logic; Flip-flops, latches, JK, T and D flip-tlops, Master-slave {lip-tlops.
Register and Counters; Shift registers, ripple and Synchronous binary counters. Analog to digital conversion and
digital to analog conversion, conversion errors.

Memory and programmable logic: ROM and RAM, memory decoding, ervor detection and correction, PLD, PLA
and PAL.
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Control Logic Design: Microoperations, shifier unit, micriprogrammed control. ALU and control of
MICraprocessor unit.

CPU addressing modes: Address field and modes, stack organization, data transfer instructions, data
manipulation instructions, program interrupt. Input-output interface, dusign of a CPU, pipeline processing.

Elecironic Devices (operation and characteristics): Tunnel and IMPATT diodes, Quantum-effect devices,
MESFET and MODFET and Hot-Electron devices. LED, Gunn, and Laser diodes, photodetector, UJT and the
basic sweep circuit, circuit to generate triggered sweep.

Radio communication: Production and propagation of radio waves, direct waves. ground reflected, surface wave
and space waves, formation of lonospheric layer and their variations, skip distance.

Modulation and Detection: AM and FM modulation, bandwidth of FM signal, Angle Modulation, Vestigial
Sidebanc! and Single Sideband Modulation, Phase-locked Loop, Digital Communication, transmitter and
superhetrodyne receiver.

Microwaves: Microwave spectrum and radar bands, properties of microwaves, production of microwave
(klystron. magnetron, traveling wave oscillator), gunn oscillator, measurement of microwave power, radar
system.

Books Recommended:

Intraduiction to Digital Computer Technology by Mashelsky (Wiley),

Pulse Digital and Switching Wave forms by Millman and Taub (McGraw-Hill)
Microwave Principles, by Reich-Skalmik-Ordung-Kranss.

Microwave Measurements by Gingston.

Elecironic and Radio Engineering by F.E. Terman McGraw-Hill.

Integrated Electronics by Millman and Halkias.

Microprocessors (principles and application) 2" Eddition by Gilmore, (1996).
Computer Engineering, Hardware design by M. Morris Mano, Prentice Hall (1988)

R

o

Paper-XIV Digital Electronics, Microelectronics and Microcomputer Systew-11 (Laboratory)
Marks 100
Note: The students are required to do 8 experiments from the following experiments:

I. Design of a UJT relaxation oscillator of a variable frequency, measure frequuncy and amplitude of the
output. :

Design RF transistor oscillator, Convert it into a transmitter. detect the transmittud wave by a radio receiver

(both tor AM & FM).

i Design an inverting and non-investing D.C. amplifier, measurement of parameters of a given IC operational
E!ﬂ[liﬂ 1er

e

4. Derign and study the application of operational amplificr (current to voltag: converter, Instrumentation
amplitier bulter, voltage clamp, integrator, differentiator, low and high pass filter, half —wave rectifier etc.).

3! sign @ fixed and self bias transistor binary and triggering of binary, using 1C’s construct and study RS, JK

siave), T and D flip-flops.

a. id study of a half and ful! adder with different Boolean expression using 1C’s.

7. 2nous 2nd asynchronous BCD counters, Memory shift register with 1C°s

8. Freyuency counter and optional digitai clock.

9. Circuit study and fau ling of stabilized power supply, Audio-oscillator/ ('RO, multimeter/commercial

rad:d and T.\.

10. Design and construct ar analog o digial and digital to analog converters using 1127s.

11. Design and study of decoder. encocer, muitiplexer and demultiplexer circuits :nid compare the input output
wavelorms. )

12. To construct and understand an operation of arithmetic logic unit and study of different arithmetic logic
operations.

13. To construct and study of data storage and retrieval using semiconductor miemory and understand the
process of fetching an instruction and its operand with ALU.

[4. Using microprocessor trainer’s and study of microprocessor application working from host personal
computer.




14 7 0 sttdy the thermal changes occurring in the given clays on heating with differential thermal analysis. (fo
refractory spalling index).

15 Vo determire the % age loss of moisture of the given clay.

6. "o csleulate moisture contents in the given sample of ceramics material.

17, o determine the %age water absorption in the given sample of refractory material.

18. To determine the losg in ignition in the given sample of clay.

19, T'o determine the porosity and density of a given refractory material.

20. To find out the corrosion rate of given specimen by loss in weight method.

21. To protect metals from corrosion — electroplating & colouring

22. To fabricate fiber-glass reinforced composite material by using hand-lay-up technique.

23. To determine and compare the specific heats of metallic and non-metallic materials.

24. To defermine the plasticity of the given of clay.

25. To determine the effect on plasticity of the given sample of clay by adding (non plastic) impurity SiO,

26. To measure the green strength of the given ceramic substance.

27. To determine the viscosity of a given sample of glass by penetrating method.

28. To study the process of enameling.

29. To study the process of glazing.

). To rmeasure the thermal conductivity of the given sample of refractory material.

31. To determine the tharmal expansion coefficient of the given sample.

32. To determine the crushing strength of the given material.

33. Determine the %age linear shrinkage in the given sample of clay.

34. Determine the green compression strength of sample of clay.

35. Determine the green compression strength of semple of clay with the addition of impurity.

36. To apply the raw glaze and frit glaze on u ceramics body.

OPTION-VII MEDICAL PHYSICS / RADIATION PEIYSICS
Paper-XIX Medical Physics / Radiation Physies-I (Theory) Marks 100

Interactions of lonising Radiation with Matter: Introduction; Beta-rays, range-energy relationship, mechanism of
energy laos, lonization and excitation, Bremsstrahlung, Alpha-rays, Rang-energy relation — ship, Energy transfer,
Gammd-rays, exponeniial absorption, interaction mechanisms. Pair production. Compton scaitering,

photozlestric absorption, photodisintegration, Combined effect, Neutrons, Production classification, interaction,
Scattering. Absorption.

Radiotherapy: Introduction, The development of radiotherapy, Radiotherapeutic aims, External beam therapy,
Brachytherapy, Unsealed source therapy. Requirements for accuracy and precision, Quality assurance, The role
of medical physics.

Medics! Imaging: Diagnostiz X-rays, Production of X-rays, Absorption of x-ray tc other planes, Partial volume
effect, Artilacts, Contrast agents in conventional radiography and CT, Diagnostic Ultrasound, Doppler effect,
Radionuclide imaging. positron emission tomography (PET), Magnetic resonance imaging (MRI), Contrast
agents fur MRL

Radiztion Dosimetry: Histery of Absorbed Dose, Stochastic and Non-stochastic quantities, Units for Absorbed
Dose, Absorbed Dose Calorimeters, Exposure and its measurements. The Iree-air chamber, Exposure
measurement with calibrated cavity chamber. The concept of Kerma, absorbed Diose in air, Absorbed dose in
other Materials, Factors converting Exposure to Absorbed Dose to wake, High encrgy calibrations, The Bragg-
Gray Cavity thecry.

Methods of Dosimetry: Calorimeters, lonisation Chambers, chemical  Dosumetry, Thermoluminescence
Dosimety (TLD), Photographic Dosimeter, Scintillation Detectors, Other Dosimet:ic Systems.

Health. Physics ; Cardinal principles of radiation protection, Minimize time, Maximize distance, Maximize
shielding, Time, Distance and shielding, Maximum pzrmissible dose, whole-body cccupational exposure, whole-
body non-occupational exposure, partial bodyoccupational —exposure, X-ray and pregnancy , Basic radiation
safety criteria, effective dose-equivalent, allowable limit on intake (ALI) , inhaled radioactivity, derived air
concentration, Gastrointestinal tract, Basis of radiation safety regulations.

Rooks Recoremended:

1. Inroguction to Health Physics by Herman Cember. 3 Ed. McGraw Hill, New York, 1996.
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