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PG COURSE PATTERN 
11PPH 1401

(6 Hrs / 5 Credits)

Core –I:  CLASSICAL DYNAMICS AND RELATIVITY 

Unit –I 
Lagrangian Formulation


Limitation of Newton’s method –Centre of Mass- Mechanics of system of Particles- Constraints- Generalized co-ordinates- D’Alembert’s principle and Lagrangian equation of motion for the monogenic system with holonomic constrains –and with non-holonomic constraints – variational principles and Lagrangian equation for holonomic and non-holonomic systems-Simple application-Double pendulum –Atwood’s machine- Bead sliding on rotating wire in a force-free space-Rolling hoop on an inclined plane.

Unit –II 
Hamiltonian Formulation


Legendre transformations and the Hamilton's equations of motion -Cyclic co-ordinates and Conservation theorems- Deduction of Hamilton’s Principle from the D’ Alembert’s Principle- Deduction of Hamilton’s equations from the modified Hamilton’s principle-Principle of least action-Canonical transformations.

Unit –III 
Poisson's Brackets & Hamilton-Jacobi Theory


Poisson’s Bracket-Liouville’s theorem-Hamilton-Jacobi Theory –Action and Angle variables –Kepler’s –problem-Simple applications of Hamiltonian dynamics: compound pendulum –two dimensional harmonic oscillator.

Unit –IV 
Small Oscillations and Rigid-body Dynamics


General theory of small oscillation - Lagrange’s equation of motion for small oscillation-solution of eigenvalue equation-normal co-ordinates and normal frequencies of vibration-Examples:Two coupled pendulum –Vibration of a linear triatomic molecule.


Euler’s angle -  Equation of motion of Rigid body -Euler’s equations- the motion of a symmetric top under action of gravity.

Unit –V
 Special Relativity


Lorentz transformation-consequences of Lorentz transformation:- Length contraction: simultaneous, time dilation-Force in relativistic mechanics-Minkowski space and Lorentz transformation-orthogonal transformation-Thomas Precession- four vectors-covariant Lagrangian formulation for a freely moving particle.

Books for Study

1. Classical Mechanics – H.Goldstein, NarosaPublishing  ( 2008) 

2. Classical Mechanics – V.B. Bhatia Narosa Publishing   ( 1997 )

3. Classical Mechanics – J.C. Updhaya, Himalaya Publishing House (2003)

Books for Reference

1. Classical Mechanics – N.C.Rana and P.S. Joag, Tata McGraw-Hill (1991).

11PPH 1402

(6 Hrs / 5 Credits)

Core – II : MATHEMATICAL PHYSICS – I

Unit – I
Vector Analysis


Vector identities – Gradient, Divergence, Curl and Laplacian Operators – Line integral, surface integral and volume integral – Gauss Divergence Theorem – Stoke’s theorem - Green’s theorem – Orthogonal curvilinear coordinates: cylindrical and spherical polar coordinates.

Unit – II
Matrices and Linear Vector Spaces


Matrices: Cayley Hamilton theorem – Diagonalization of matrix –Orthogonal matrix – unitary matrix – Hermitian and Skew- Hermitian matrices. 


Linear Vector Spaces:Definition – change of basis and dimension of vectors – norm of a vector – basis – inner product – linear dependence and independence of vector – bilinear and quadratic forms – Schwartz inequality – Schmidt’s orthogonalisation process – Linear transformations – expansion theorem – examples: Bernoulli’s Theorem, Euler’s Equations.

Unit - III
Tensors


Contravariant  vector – covariant vector – Tensors of second rank – addition and subtraction  - outer products of tensors – Inner  products of tensors – symmetric and anti symmetric tensors – Kronecker Delta – Metric tensor – Cartesian tensors – Isotopic tensors – Stress and Strain tensors-Hooke’s law – moment of inertia tensor – differentiation of a tensor – Christoffel  symbols.

Unit – IV
Complex Variables


Functions of Complex variables – Differentiability – Cauchy – Riemann conditions – Cauchy’s integral theorem - Cauchy’s integral formula – Taylor’s series – Laurent’s series – Cauchy Residue theorem – Evaluation of definite integrals 

Unit – V
Fourier Series and Fourier Transforms


Fourier series: Dirichlet’s theorem – Dirichlet’s conditions – sine and cosine series Fourier integrals – Fourier transforms – physical examples of Fourier series -Full Wave Rectifiers – Square wave – Saw tooth wave – Triangular wave.


Fourier integrals: Fourier transforms – Fourier transform of derivatives -Convolution theorem – properties of Fourier Transforms.

Books for Study and Reference

1. Applied Mathematics for Engineers and Physicists – L.A. Pipes and L.R. Harvil, Mc.Graw Hill(1987)

2. Matrices and Tensors in Physics – A.W.Joshi, New Age International Publishers (2005)

3. Mathematical Physics – Satya Prakash, Sulthan  Chand and Sons, New Delhi (2005)

4. Advanced Engineering Mathematics – Erwin Kreyzig,(5th ED.), Wiley Eastern Ltd, New Delhi (1985).

5. Introduction to Mathematical Physics – Charlie Harper, Prentice Hall of India, New Delhi (2007).

11PPH 1403

(6 Hrs / 5 Credits)

Core – III :  ELECTROMAGNETIC THEORY

Unit – I 
 Electrostatics


Electric field: Coulomb’s law – Continuous charge distribution- Electrostatic potential – Poisson’s and Laplace Equations – Multipole expansion of a charge distribution – Dirichelt and Neumann boundary conditions: Methods of separation variable – Potentials within a conducting box –  Methods of Images – Point charges in the presence of a grounded conducting sphere.

Unit – II 
Magneto statics


Lorentz force Law – Biot and Savart law – Magnetic field due to straight conductor – Ampere’s Law  in differential form – Magnetic vector potential – Multipole expansion of a vector potential – Boundary conditions on B and H – Magnetic flux – Intensity of Magnetization – Magnetic Susceptibility - Magnetic susceptibility and permeability in linear and non-linear media. 

Unit – III  
Electromagnetic Waves and Propagation 


Maxwell Equations – Propagation of electromagnetic waves in: Free space – Conducting medium – Skin depth – Conservation of laws of Energy: The Equation of Continuity – Displacement current –  Poynting’s theorm.


Linear and Circular polarization, Stokes' parameters :– Reflection and refraction of electromagnectic waves at a plane interface between dielectrics – Concept of Waveguides – Rectangular waveguides – TM and TE Modes.

Unit – IV 
Electromagnetic Fields And Radiating System


Scalar and vector potentials – Gauge transformations – Coulomb and Lorentz gauge – Retarded potentials – Lienard Wiechert potentials.    


Oscillating Electric Dipole – Radiation from an Oscillating Electric Dipole – Radiation from a half wave linear Antenna.

Unit – V 
 Relativistic Electrodynamics

Einstein’s two postulates – Covariant and contravarient vector - Concept of four vectors – Covariance of Electrodynamic Equations – Maxwell’s equations in four vector – four vector form of Lorentz equations – Lagrangian and Hamiltonian force equations for a relativistic charged particle in external electromagnetic fields. 

Books for Study:

1. Classical Electrodynamics – J.D. Jackson, John-Wiley & Sons

2. Introduction to Electrodynamics – David J. Griffiths – Prentice Hall of India PVT Ltd.

3. Electromagnetic Theory & Wave propagation – S.N. Ghosh, Narosa Publishing house

4. Electromagnetic theory – Chopra & Agarwal K. Nath & co publishers 

Reference:

1. Electromagnetic waves and radiating systems – Edward C.Jordan & Keith . G. Balman  Prentice Hall of India PVT Ltd.

2. Electromagnetic fields – Roald K. Wangsness, John Wiley & sons

3. Electromagnetics, B.B. Laud, Wiley Eastern Ltd.



              11PPH1404

                               

           (6 Hrs / 5 credits)

Core – IV:  SPECIAL ELECTRONICS

Unit- I
 
Semiconductor Devices and IC Fabrication 

 
SCR - DIAC - TRIAC – construction, operation and V-I characteristics -Tunnel diode – Gunn diode – V-I characteristics.   

Basic monolithic ICs – Epitaxial growth – Masking – Etching -  Impurity diffusion – Fabricating monolithic resistors, diodes, transistors, inductors and capacitors – Circuit layout – contacts and inter connections.

Unit – II 
Operational Amplifier and 555 Timer

Active filters : Butterworth I order lowpass, high pass and band pass filters - Phase shift -  Wien’s bridge oscillator – Voltage control oscillator –Op-amp as comparator - Schmitt trigger –   D /A conversion: weighted resistor method  – Binary R-2R ladder method – A/D convertor –Successive approximation method - Sample and Hold circuits - Solving simultaneous and Differential equations .

555 timer – Description of the functional diagram – Astable Multivibrator – Monostable Multivibrator.  

Unit – III         Microprocessor Intel 8085

Pin diagram - Architecture - Organization of Control, data and address buses – Addressing modes - Instruction sets - Timing diagram for opcode fetch, memory read  and  write cycles – interrupts.

Assembly language programming - Multibyte Addition, Multibyte Subtraction – Ascending and descending orders – Square  and square root of a single byte – Delay routine using  single register.

Unit – IV
 Interfacing Memory and I/O Devices

 Memory mapped I/O – I/O mapped I/O - Data transfer schemes - Programmed and DMA data transfer schemes - Programmable Peripheral Interface (8255A) - 8253 Timer Interface - DMA controller - Programmable Interrupt Controller (8259) – Programmable Communication Interface (8251).

Unit- V
 
Microcontroller Intel 8051 

Comparison of Microprocessors and Micro controllers – Architecture – Memory organization - Pin diagram – Addressing modes – instruction set – interrupts.

Assembly language programming – 8-bit addition, subtraction, multiplication and division – sum of the elements in an array – Ascending and descending order. 

Books for Study and Reference:

1. Principle of Electronics – V.K. Mehta, S. Chand & Company,  Ltd.,2006.

2. Op-Amps and Linear integrated circuits – Ramakant A.Gayakwad., IV Edition, PHI, New Delhi  

3. Integrated Electronics – Millman – Halkias, McGraw-Hill International Editions.

4. Introduction to Integrated Electronics – V. Vjayendran , S.Viswanathan(Printers and Publishers)

5.  Fundamentals of Microprocessors and Microcomputers – B.Ram, Dhanapet Rai & Sons, New Delhi, 1995.

6. Microprocessors & Microcontrollers – P.S.Manoharan, Charulatha Publications. 













        11PPH 2406

(6 Hrs / 5 Credits)

Core – VI :   MATHEMATICAL PHYSICS – II

Unit – I
Partial Differential Equations


Partial differential  equations -Method of separation of variables – separation of Helmholtz equation in Cartesian and spherical polar coordinates– Equation of continuity- Derivation of Diffusion (Heat Flow) Equation from Equation of Continuity - One Dimensional Heat Flow Equation  – General solution of the one dimensional wave equation – transformation and classification of PDE’s – Characteristic Coordinates – Canonical forms: hyperbolic, parabolic and elliptic forms.

Unit – II
Special Functions


Gamma and Beta function – Definition – Recurrence formula – Relation between the Beta and Gamma function – series solution of Legendre, Lagurre and Hermite differential equations – Generation function, Rodrigues formula – orthogonality relation. Impotant recurrence relation – Series solution of Bessel differential equation – recurrence formula for Bessel function – Generation function for Bessel function.

Unit – III
Dirac Delta Function – Green’s Function and Integral Equations


Dirac – Delta function – Derivative of delta function – Green’s function – Green’s function for one dimensional case – Symmetry property of green’s function – Application in one dimensional case – solution of Poisson’s equation – quantum mechanical scattering problem using Green’s function – Fredholm and Volterra type of integral equations.

Unit – IV
Laplace Transforms and their Applications


General Concepts of Integral Transforms-Laplace Transforms-Conditions for the existence of Laplace Transfroms-Properties of Laplace Transforms-Laplace Transforms of Special Functions- Evoluation of Integrals- Inverse Laplace Transforms-Evaluation of Integrals by Laplace Transforms.

Unit – V
Group Theory 


Basic definition – multiplication table – sub groups, co-sets and classes – Direct product groups, point groups and space groups – Representation theory – Homomorphism and Isomorphism – Reducible and irreducible representation – Schur’s Lemmas I & II – The Great Orthogonality theorem – Character table – C2V and C3V point groups.

Books for study and Reference

1. Applied Mathematics for Engineers and Physicists – L.A. Pipes and L.R. Havill, Mc.Graw Hill(1987)

2. Mathematical Physics– A.K. Ghatak, IC Goyal & S.J.Chua, , MacMillan India Ltd,(1995) (Unit-I)

3. Mathematical Physics – P.K.Chattopadhyay, , New Age International Publishers, New Delhi.(Unit-II)

4. Mathematical Physics – Satya Prakash, , Sulthan  Chand and Sons, New Delhi (2001), (Unit  III, IV, V)

11PPH 2407

(6 Hrs / 5 Credits)

Core – VII:     STATISTICAL MECHANICS

Unit – I

Classical Statistical Mechanics

Phase space and ensembles – Types of ensembles - Liouville's theorem – Statistical Equilibrium –Thermal Equilibrium- Elementary ideas of Partition Functions-Connection between Statistical and Thermodynamical quantities - Micro and macro states -  Maxwell - Boltzmann distribution law - Distribution of energy and velocity - Principle of equipartition of energy - Boltzmann's entropy relation.    

Unit – II
Kinetic Theory

Binary collisions - Boltzmann transport equation and its validity - Boltzmann's H-theorem and its analysis – Poincare’s theorem - Transport phenomena: Mean free path - Zero order approximation - Viscosity of a gas  - Navier - Stokes equation - Application to Incompressible fluids.

Unit – III
Entropy and Thermodynamics


Entropy - Principle of entropy increase – Entropy and Disorder– Change in Enrtopy for reversible and irreversible processes - Gibbs paradox – Resolution of the paradox – Sackur – Tetrode equation –Thermodynamic Potentials and Reciprocity relations-– Nernst Heat Theorem. 

Unit – IV
Quantum Statistics 


Ideal Bose  Systems – Photon gas – Radiation pressure and density -  Bose - Einstein condensation – Debye’s model of solids: Phonon gas -  Ideal Fermi Systems – Fermi energy – Mean energy of Fermions – Electron  gas in metals - Thermionic emission - Pauli Para magnetism.

Unit – V
Advanced Topics in Statistical Mechanics

Phase transition- Order of phase transitions-First and second order- Interaction of spin in Ferromagnetism- Weiss molecular field approximation—General formulism of Ising model -  One dimensional Ising model - Fluctuations- Mean Square deviation- Brownian motion- Expression for Brownian motion- Fourier Analysis of random function: Weiner- Khinchine theorem.

Books for Study and Reference:

1. Elementary Statistical Mechanics – Gupta and Kumar, Pragati Prakashan, Meerut, 8th Edition.

2. Statistical Mechanics – B.K. Agarwal and M. Eisnor, New Age International Publishers, 2nd Edition.

3. Fundamentals of Statistical Mechanics – B.B.Laud, New Age International Publishers, New Delhi, 2007.

4. Statistical Mechanics – Kerson Huang, Wiley eastern Ltd., New Delhi, 1983.

5.  Statistical and Thermal physics – F. Reif, , McGraw Hill, International Edition, Singapore (1979)

   11PPH 2408
                                                                                                                  (6 Hrs/ 5 Credits)

Core – VIII :  QUANTUM MECHANICS – I 

Unit – I  
Foundation and General Formalism of Quantum Mechanics

Time dependent Schrödinger equation for a free and bound particle- Physical Interpretation of Wave function ψ: Normalization, Probability Interpretation and Box Normalization-Conservation of Probability-The Equation of Continuity-Ehrenfest's Theorem -Admissibility conditions on wave function-Stationary states and energy spectra- Time-independent Schrödinger wave equation.

Fundamental Postulates of Quantum Mechanics:- Representation of states and dynamical variables: Observables, operators, commutation relations-eigen value problem and degeneracy-Completeness and normalization of eigen functions. 

Closure property of eigen functions-physical interpretation of eigen values, eigen functions and expansion coefficients-Uncertainty principle- states with minimum value for uncertainty product-commuting observables and removal of degeneracy-Evolution of systems with time: Constants of motion.

Unit – II
Exactly Solvable Bound State Problems

Particle in a Square Well Potential-One Dimensional Linear Harmonic Oscillator  - Rigid Rotator-Reduction of a Two Body Hamiltonian-Hydrogen Atom.

Unit – III
Approximation Methods 

Stationary State Perturbation theory:- non-degenerate and degenerate cases- Applications:  Stark Effect in the ground state and first excited state of Hydrogen atom- Zeeman Effect in alkali atoms.

Variation Method:- Principle- Estimation of ground state energy-one dimensional linear harmonic oscillator.

WKB Approximation:- Principle-WKB Wave Functions-Connection Formulae-WKB Quantization Rule.

Unit – IV  Approximations in Atomic and Molecular Structure

Central field approximation – Thomas Fermi Statistical Model-Hartree's self consistent field Theory – Hartree-Fock Modification – Hydrogen ion – Born-Oppenheimer approximation – Heitler-London theory of hydrogen molecule.

Molecular Orbital theory - Concept of atomic, hybrid and Molecular orbit – LCAO treatment of Molecular Orbitals of CH4.

Unit – V  Systems of Identical Particles and Spin

Interchange of particles: Particle exchange operation-symmetric and antisymmetric wave functions-extension to a system of N-identical particles-Construction of symmetric and antisymmetric wave functions – Relation between type of symmetry and statistics-Pauli’s Exclusion Principle.

 Spin angular momentum- spin ½ states -Pauli's spin matrices and their properties-spin 1 state- Non-relativistic Hamiltonian including spin-spin  wave functions for a system of two spin ½ particles-triplet states-Identical particles with spin : Antisymmetrization of wave functions.

Books for Study:

1. A Text Book of Quantum Mechanics – P.M. Mathews & K.Venkatesan-Tata McGraw Hill, New Delhi, 2005. ( for Units I,II,III &V)

2. Quantum Mechanics – V. Devanathan-Narosa Publishing House,New Delhi,2005 ,(for Units II & III)  

3. Introductory Quantum Chemistry, A.K.Chandra, IV Edition, 2010, Tata McGraw Hill, New Delhi (for Unit IV) 

4. Molecular Quantum Mechanics – Peter W. Atkins, Ronald S Friedman, Oxford University Press, IV Edition, 2007 (for Unit IV)

5. Atomic Structure and Chemical Bond, Manas Chanda, II Edition, 1991, TMH, New Delhi, (for Unit IV)

Books for Reference

1. Quantum Mechanics – Lenord I Schiff, TMH, New Delhi, III Edition, 2010

2. Quantum Mechanics – John Powell & Bernd Crasemann, Addision Wesley.

3. Quantum Mechanics – E.Merzbacher, Wiley, III Edition,1998

4. Quantum Mechanics – V.K.Thankappan, New Age International (P) Limited, II Edition, 2007

11PPH 2409

(6 Hrs / 5 Credits)

Core –IX:  SPECTROSCOPY

Unit – I
Principles of Spectroscopy


Electromagnetic radiation – wave theory of E.M radiation interaction of E.M. radiation with matter – black body radiation – Born-Oppenheimer approximation – types of molecular spectra – characteristic features for absorption or emission of E.M.. radiation  - spectral band – Doppler broadening – intensity of spectral lines and transition probability – energy dissipation from excited states – spectrometers (Elucidation of Concepts using Block Diagrams). 

Unit – II
Microwave Spectroscopy 


Classification of molecules – Rigid rotor – non-rigid rotor – effect of isotopic substation – intensity of rotational lines – linear poly atomic molecules : Symmetric & Asymmetric type – stark effect – micro wave spectrometer – applications of microwave spectroscopy –                    IR spectroscopy – vibrating diatomic molecule – diatomic vibrating rotator – FTIR spectroscopy.

Unit – III 
Raman Spectroscopy 


Raman Effect – rotational Raman spectra – vibrational Raman spectra – vibrational-rotational Raman spectra – Resonance Raman spectroscopy – Nonlinear Raman effects – hyper Raman effect and its classical treatment – stimulated Raman scattering – inverse Raman scattering – Coherent Anti-stokes Raman Scattering (CARS)-Photoacoustic spectroscopy (PAS): Principle-Doppler free two photon spectroscopy: theory and experimentation.

Unit – IV  
Electronic Spectroscopy 


Electronic spectroscopy of molecules : Electronic wavefunctions - shapes and energies of atomic orbitals-orbital angular momentum-fine structure of hydrogen atom.


Electronic spectroscopy of molecules : Electronic spectra of diatomic molecules-Frank-Condon principle – dissociation energy and dissociation product – Rotational fine structure of electronic vibration transistion 

Unit – V
Resonance Spectroscopy


NMR: Basic principles – chemical Shift – Relaxation process – Instrumentation: Fourier transform method – NMR Imaging.


ESR: Basic Principles – Nuclear interaction and hyperfine structure –‘g’ characteristics - ESR Spectrometer – Applications

Books for study & Reference

1. Spectroscopy - H.Kaur, (Pragathi  Prakasan Edition)

2. Molecular Structure and Spectroscopy - G. Aruldhas, 2nd edition, PHI Publishers.

3. Lasers and Nonlinear Optics - B.B. Laud, Revised 2nd edition, New Age International Publishers.

4. Fundamentals of Molecular Spectroscopy - Colin N. Banwell and Elaine M. Mccash, Mc Graw Hill Publishing Co. London. (4th edition) 

11PPH 3411

(6 Hrs / 5 Credits)

Core–XI :  SOLID STATE PHYSICS

Unit-I 

Crystal Structure

Crystals-Crystal lattice and translation vectors -Types of lattices (2D & 3D)-Point group &space groups- Lattice direction  and planes- Simple crystal structures-Close packed structures -Structure of Diamond, Zinc Blende and Sodium chloride- X-ray diffraction-X-ray diffraction methods(Laue’s method, Podwer crystal method)-Reciprocal lattice-Point and line defects.

Unit-II 
Semiconductors, Lattice Vibrations and Thermal Property

Intrinsic and Extrinsic semiconductors-carrier concentration, Fermi level and conductivity –Lattice vibrations-One dimensional monoatomic lattice-one dimensional diatomic lattice-Phonons- Phonon momentum- Lattice heat capacity- Classical theory- Einstein theory- Debye’s model-Density modes.

Unit-III    
Free Electron Theory and Band Theory Of Solids

Drude - Lorentz’s classical theory (Free electron gas model) - Sommerfeld’s quantum theory –Free electron Gas in a 1-D - Free electron Gas in a 3-D-Application of free electron gas model – Bloch theorem –Kronig-Penny model – velocity and effective mass of electron.

Unit-IV     
Dielectrics and Magnetism in Solids

Polarization and susceptibility – Local field-Dielectric constant and polarizability (Clausius-Mosotti Equation) - Sources of Polarizability - Ferro electricity - Piezo electricity.

Quantum theory of Dia and Para magnetism-Ferro magnetism-Weiss theory of ferromagnetism-Concepts of Domains –Antiferromagnetism-ferrimagnetism

Unit-V      
Superconductivity

Introduction – Meissner effect – Thermo dynamical properties - London equation – BCS theory – Type-I & Type-II superconductors – Josephson effect (Both AC & DC) – High Tc super conductors – SQUIDS – critical fields – critical currents – Hall Number – Fullerence – C60 Fullerence.

Books for Study:

1. Solid state Physics – R.K. Puri and V.K. Babbar, S. Chand & Company Ltd.

2. Solid State Physics - R. Singhal, Keder Nath & Ram Nath Publications

3. Solid State Physics - Gupta Saxena, Prakathi Prakasan Publications

4. Solid State Physics - Gupta, Kumar, Sharma, S. Chand & Company Ltd.

Books for Reference:

1. Introduction to Solid State Physics - C.Kittel, Wiley Publication

2. Solid State Physics - A.J. Dekker, Mac Millan Publication.

   (11PPH 3412)

                                                                                                                  (6Hrs/ 5 Credits)

Core – XII:  QUANTUM MECHANICS-II

Unit – I  
Matrix Formulation and Representation Theory

Hilbert space, Dirac’s bra and ket notation, dynamical variables and linear operators,projection operators, unit operator, unitary operator, matrix representation of an operator, change of  basis, unitary transformation. Eigen values and eigen functions of simple harmonic oscillator by operator method- Schroedinger, Heisenberg and Interaction Pictures.

Unit – II 
 Perturbation Theory for Time Evolution Problems

 Time Dependent Perturbation Theory- first order transitions: Constant Perturbation–Transitions to Continuum-Fermi’s Golden Rule-Elastic Scattering- Harmonic perturbations-Adiabatic and Sudden Approximations applied to Linear Harmonic Oscillator- Interaction of Radiation with Matter-(Semi-classical treatment)-Selection rules for electric dipole transitions-Spontaneous and Stimulated Emissions- Einstein's Coefficients.

Unit – III   
Angular Momentum


Eigen value equation for angular momentum operators – Raising & lowering operators – Spectrum of eigen values for J2 and JZ – Matrix representation of J2, Jx, Jy, and Jz – Angular momentum matrices – Clebsch–Gordan coefficients – Recursion relation for C.G. coefficients - C.G. matrix for simple cases  - Matrix representation of J – Addition of angular momenta- Commutation relations – Clebsch–Gordan Coefficients

Unit – IV 
Scattering Theory


Kinematics of the Scattering Process: Differential and  total cross-sections-Laboratory and Centre of Mass systems-Transformation relations (for angle and scattering cross sections)  in these two systems-Wave Mechanical picture of scattering: The scattering amplitude-Green's Function : Formal expression for scattering amplitude-Born Approximation-Screened Coloumb Potential-Rutherford's Scattering Formula- Validity of Born Approximation-Collisions between identical particles-Mott scattering formula.

Unit – V 
Relativistic Wave Equations

Schrödinger’s relativistic equation for free and charged particles – separation of the equation – energy levels in a Coulomb field-Dirac’s Relativistic Equation:- Free particle equation- Plane wave solution for Dirac equation -  Dirac’s matrices- free particle solutions- charge and current densities- Dirac’s Equation for a central field- Negative Energy States – Dirac’s equation in electromagnetic potential.

Books for Study:

4. A Text Book of Quantum Mechanics – P.M. Mathews & K.Venkatesan-Tata McGraw Hill, New Delhi, 2007 reprint  (for Units I, II & IV)

5. Quantum Mechanics – V. Devanathan-Narosa Publishing House,New Delhi,2005 (for Units II  & III)

6. Quantum Mechanics – Satya Prakash & C Krian,Kedar Nath Ram Nath & Co. 1981 (for Units IV & V)

7. Quantum Mechanics – G. ArulDoss-PHI-NewDelhi, (2006)


Books for Reference

1. Quantum Mechanics – Lenord I Schiff, TMH, New Delhi, III Edition, 2010

2. Quantum Mechanics – John Powell & Bernd Crasemann, Addision Wesley.

3. Quantum Mechanics – E.Merzbacher, Wiley, III Edition,1998

4. Quantum Mechanics – V.K.Thankappan, New Age International (P) Limited, II Edition, 2007

11PPH 3501
(6 Hrs / 4 credits )

Core Based Elective – I

COMPUTATIONAL PHYSICS

Unit – I 
Introduction To Numerical Computing

Process  and Characteristics of Numerical Computing-Computational Environment- Integer and Floating Point Representation of Numbers-Computer Arithmetic-Errors of Arithmetic and Computation-Inherent Errors, Numerical Errors, Modeling Errors, Blunders, Absolute and Relative Errors, Machine Epsilon-Error Propagation-Conditioning and Stability-Error Estimation

Unit –II  
Scientific Programming in C

Introduction to C-Variables- Expression and Statements-Operators- Library Functions- Data Input and Output- Structure of a C Program-Control Statements-Function and Pointers-Global and Local Variables and their Scope-Complex Number Representation-Arrays- Multidimensional Arrays.

Unit –III 
Evaluation of Statistical Parameters & Curve Fitting 

Classification and Tabulation of Data-Arithmetic Mean-Median-Mode-Mean Deviation-Standard Deviation-Correlation-C Programs for these.

Curve Fitting: Lagrange’s Interpolation Method-C Program for implementing it- Curve Fitting of Linear Equations-Linear Least Squares Regression Method- C Program for implementing it.

Unit –IV 
Solution of Linear & Nonlinear Equations

Need and Scope of Simultaneous Linear Equations-Existence of Solutions-Solution by Elimination-Gauss Elimination Method with and without Pivoting- Applications to Electrical Networks-C Program for implementing Gauss Elimination Method with Pivoting.

Roots of Nonlinear Equations: Newton-Raphson’s Method for a Single Nonlinear Equation-Extension to a System of Nonlinear Equations. Finding Multiple Roots by deflation and synthetic division. Program in C for Newton-Raphsons Method for finding the Roots of a Single Nonlinear Equation.

Unit –V 
Numerical Integration, Random Number Generation & Solution of ODEs 

Graphic Representation of Integral of a Function-Trapezoidal Rule and Simpson’s 1/3 Rule- C Programs for Simpson’s 1/3 Rule.

Random Numbers-Pseudo Random Numbers Generators: Mid Square Generator-Mixed Multiplicative Congruential Generator-Park-Miller’s Algorithm-Simulation of Radioactive Decay using Random Numbers- C Program to Implement Park-Miller Algorithm.

Order and Degree of ODE’s- Euler’s Method and its Accuracy- Runge Kutte Fourth Order Method and its Accuracy- Conversion of a Second Order Differential Equation to a System of Two first Order Equations-C Program to implement RK4 Method for a Second Order differential Equation-Application to MLC Circuit and Duffing Oscillator Equations.

Books For Study

1. Numerical Methods – E. Balagurusamy , Tata Mc Graw Hill Publishing Company (1999)

2. Computational Physics – Richard Fitzpatrick, The University of Texas at Austin (Lecture Notes )

3. Computer Applications in Physics – Suresh Chandra, Narosa Publishing House (2003)

4. Computational Physics An Introduction – R . C.Verma, P. K. Ahluwalia, K.C. Sharma ,New age International (P) Ltd., Publishers(1999)

11PPH 3502

(6 Hrs / 4 Credits)

Core Based Elective – II

ADVANCED PHYSICS

Unit – I

Nonlinear Optics


Nonlinear Susceptibility-Harmonic generation – Second Harmonic generation – Phase-matching – Third Harmonic generation – parametric generation of light – Self-focusing of light: Kerr Effect-Optical bistability-formation of spatial soliton – optical phase conjunction.

Unit – II 
 Crystal Growth Methods

Introduction to Non Linear Optical (NLO) Crystals -Solubility-Super saturation - Meir’s solubility diagram- Slow cooling-Slow evaporation –Temperature gradient method-Gel growth-Flux growth-Physical Vapour Deposition(PVD)- Chemical Vapour Deposition(CVD)-Importance of nano crystals-Magnetic &optical properties of nano crystals- Physical and Chemical methods (Spray pyrolysis, Laser ablation, Ion Sputtering, Chemical reduction).

Unit – III
Nanoscience and Technology


Definitions in Nanotechnology-Nano particles: Properties, Classification – Fullerenes-Carbon Nano Tube(CNT)-Growth techniques of Nanomaterials: Metal Oxide Chemical Vapour Deposition (MOCVD) –Pulsed Laser deposition (PLD) – Characterization Techniques: Tunnelling Electron Microscope (TEM)  and Scanning Tunneling Microscope(STM).   

Unit – IV
 Chaos, Nonlinear waves and Solitons


Superposition Principle  and its mathematical implications - Linear and nonlinear oscillators-Fixed Points and their Stability-Classification of Fixed Points-Limit Cycle Motion-Poincare Bendixson Theorem- Bifurcation  scenario in a Duffing oscillator


Linear and nonlinear waves-John Scott Russel’s Phenomenon and his water tank experiment -Cnoidal and solitary wave  solutions of K-dV– FPU problem-Numerical Experiments of Zabusky and Kruscal and solitons.

Unit – V
NDT Methods


Liquid penetrant test - application of penetrant & removal of excess penetrant –principles of eddy current testing (ECT) – block diagram of ECT instrument – Applications & limitations – Principles of magnetic particle testing – Sensitivity and limitations.

Principle of Radiography – Imaging geometrical factors – Filon density – Inspection techniques – Latitude techniques – Industrial X-ray tube – Gamma ray sources – Industrial safety.

Books for study & Reference

1. Laser and nonlinear optics –B.B. Laud, New Age International Publishers, Revised second Edition, (2008)

2. Crystal Growth: Processes and methods – P. Santhanaraghavan and P.Ramasamy, KRU publications

3. Nanocrystals: Synthesis, properties and applications – C.N.R.Rao, P.J. Thomas, G.U. Kulkarni,  Springer Series.

4. Nonlinear Optics – D.L.Mills, Springer  - Verlog (1991)

5. Nonlinear Dynamics – M.Lakshmanan and S.Rajasekar, Springer (2003)

6. Nonlinear waves, solitons and chaos – E.Infeld and G.Rowlands Cambridge univ.Press(1990)

7. Practical NDT – Baldev Raj-T.Jayakumar & M. Thavasimuthu, Narosa publications, 

8. Nanotechnology – S. Shanmugam, MJP Publishers, Chennai.

9. Introduction to Nanoscience and technology – K.K. Chattopadhyay & A.N.Banarjee, PHI Edition.

10. Laser Theory and Applications - K. Thyagarajan and A.K. Ghatak, Mc Millen Publications.

11PPH 4414

(6 Hrs / 4 Credits)

Core–XIV:   NUCLEAR AND PARTICLE PHYSICS

Unit – I
General properties of Atomic Nucleus


Binding energy – semi empirical mass formula – applications of the semi empirical mass formula – optical model – sheel model: evidence for the existence of magic numbers – extreme single particle model – spin orbit potential.

Nuclear Forces:
Exchange forces – Yukawa potential – ground state of deuteron – low energy n-p scattering  - scattering length – phase shift – effective range theory.

Unit – II
Radioactive Decays


Alpha decay – scattering of alpha particles Gamow’s theory of Alpha decay – Geiger nuttal law – neutrino hypothesis – Fermi’s theory of beta decay – selection rules – non conversion of parity in beta decay – parity in β – decay – gamma decay – selection rules – internal conversion – nuclear isomerism – angular correlation in gamma emission.

Unit – III
Nuclear Fission and Fusion


Types of Fission – distribution of Fission products – Nuclear chain reactions – Four factor formula – Bohr-Wheeler’s theory of nuclear fission – liquid drop model.


Nuclear Fusion – Thermo nuclear reactions as source of stellar energy – controlled thermo nuclear reactions – Plasma containment.

Unit – IV
Nuclear reaction


Nuclear reaction kinematics – general solution of the Q-equation – Nuclear reaction  crosssections – the compound nucleus – reciprocity theorem – Direct reactions – Stripping reactions – Partial wave analysis of nuclear reaction cross sections – Breit-Wigner dispersion formula for l = 0 neutrons.

Unit – V
Elementary particles


Classification of elementary particle  - fundamental interactions – conservation laws and their validity – the C-P-T theorem – Properties of elementary particles: the Massless Bosons – the Leptons – the mesons – symmetry schemes of elementary particles – SU(3) multiplets of Hardons – Gellmann – Okubo mass formula for SU(3) multiplets – Quarks. Flavours and colours.

Books for study and reference:

1. Nuclear Physics - R.R.Roy and B.P.Nigam, New Age Publishers.

2. Nuclear Physics – D.C. Tayal, Himalaya Publishing House – New Delhi

3. Elements of nuclear Physics – M.L. Pandya, R.P.S. Yadav  , Kedar Nath Ram Nath, New Delhi.   

4. Nuclear Physics – R.C. Sharma, Kedar Nath Ram Nath, New Delhi.

5. Nuclear Physics & Particle Physics – Satya Prakash, Sultan Chand & Sons, New Delhi

  11PPH 4503

                                                                                                                 (6 Hrs / 4 Credits)

Core Based Elective -III

COMMUNICATION ELECTRONICS

Unit – I 
 
Digital Communication

Pulse Amplitude Modulation (PAM) – sampling - Pulse Width Modulation (PWM) - Pulse Position Modulation(PPM) - Pulse Code Modulation(PCM)- Quantization – Quantization noise – companding –Block diagram of  PCM transmission system- Delta Modulation(DM)– Adaptive Delta Modulation(ADM) –Amplitude shift keying(ASK) - Frequency Shift Keying(FSK) – Phase Shift Keying(PSK).

Unit – II
 Antenna and Satellite Communication

 
 Hertzian dipole– Radiation Resistance – Broad side and end-fire array – UHF - VHF antenna – Loop antenna – Adcock direction finder – Bellini-Tosi direction finder – measurement of antenna impedence – VSWR method.

Transponders – up link-down link - frequency allocation – band width – subsystems – block diagram of communication satellite – earth station.

Unit – III
 Radar 

Basic Radar system – Radar range  – Pulsed radar system  - A-Scope – Plan Position Indicator(PPI)-  Search Radar – Tracking Radar– Moving Target Indicator(MTI)  Radar - CW Doppler Radar.

Unit – IV
 Fiber optic Communication

Introduction – Principles of light transmission in a fiber – types of optical fibres-Numerical aperture – Fiber index profiles – Modes of propagation – Losses in fibers – Light sources – Diode Laser – Light detector – Avalanche photo diode – Photo transistor - Fiber optic communication link (Block diagram) - Advantages of fiber optics communication.

Unit – V
 Colour Television 


Three colour theory – Mixing of colours – Grassman’s law – Luminance, Hue and saturation -  Colour TV camera – values of luminance (Y) and colour difference signals – Precision-in-line(P.I.L) colour picture tube - Trinitron colour picture tube – Colour Television receiver-Liquid Crystal Display(LCD) – construction and working – Types of LCD Devices – Passive matrix – Active matrix – Plasma and Display Panel(PDP).

Books for study & Reference

1. Electronic communication – Dennis Roddy and John Coolen (Unit –I & IV)

2. Electronic communication systems – George Kennedy (Unit -I)

3. Communication Electronics – N.D.Deshpande, Tata McGraw Hill Publishing Company .(Unit -I)

4. Antennas and wave propagation – V.A. Bakshi, A.V. Bakshi, K.A.Bakshi, Technical Publication, Pune. (Unit –II).

5. Communication Electronics-Principles and Applications –Louis E. Frenzel,        (Unit –II)

6. Principles of Communication Engineering – Anokh Singh, S. Chand & Company Ltd.,2001. (Unit -III)

7. Optical Communications: Components & systems – J.H.Franz & V.K.Jain, Narosa Publications, New Delhi. (Unit-IV)

8. Monochrome and Colour Television – R.R.Gulati, Wiley Eastern Publications  (Unit-V)

9. Principles of Multimedia – Ranjan Prakash. McGraw Hill Companies, Eleventh reprint 2010.(Unit-V)

                    11PPH 4504

 (6 Hours/4 Credits)

Core Based Elective – IV

MEDICAL PHYSICS AND ULTRASONICS

Unit – I 
Diagnostic Devices

Blood pressure and its measurement – Eye pressure measurement - Electrical signals from Heart: Electrocardiography (ECG) – Electrical signals from brain: Electroencephalogram (EEG) - Electrical signal from muscles: Electromyogram (EMG) – Magnetic Resonance Imaging (MRI). 

Unit – II 
Therapeutic Devices 

Microprocessor based ventilators – AC and DC defibrillator – Pacemaker – Versatile Electro therapeutic stimulator – Anesthesia machine – ventilator – Dialysis process – Comparison between Hemodialysis and Peritoneal dialysis - Peritoneal dialysis unit - nuclear therapy: Tele-therapy (Co60) and Brachytherapy.

Unit – III
Medical Applications of Lasers

Laser based blood cell counter – Laser Doppler blood flowmeter – Laser in Angioplasty – Principle and theory of fluorescence – Reflectance and light scattering spectroscopy – Laser Spectroscopy cancer detection techniques: Fluorescence and Raman spectroscopy – Photodynamic therapy of tumors.

Unit – IV 
Characteristics of Ultrasound Waves

Longitudinal and transverse waves – reflection, refraction and mode of conversion – Critical angle – Surface and lamb waves – Attenuation coefficient – Material characterization by ultrasonic NDT method – Correlation of tensile strength and attenuation coefficient with ultrasonic parameters (velocity and acoustic impedance) – Ultrasonic interferometer – Principle, construction and working.  

Unit – V 
Ultrasonic Study of Liquid Mixtures and Solutions


Preparation of multi component liquid mixtures: mole fraction – weight fraction – volume fraction. Measurement techniques: interferometer – continuous wave method – density – viscosity pure liquids and binary mixtures.

Free length theory – collision factor theory – nomoto’s relation acoustical parameters – adiabatic compressibility – acoustic impedance – intermolecular free length – molar volume – free volume – internal pressure.    

Book for Study:

1. Biomedical Instrumentation – Dr .M. Arumugam,  Tenth reprint Anuradha publications, Chennai.

2. Medical Physics – John R. Cameron  and James G.Skofronick, John Wiley Interscience Publication, Canada.

3. Science and Technology of Ultrasonics – Baldevraj, V.Rajendran and P.Palanichamy, Narosa Publications, New Delhi

Practicals  and List of Experiments

                                            







           11PPH 1405P1




3 Hrs / 2 Credits

GENERAL EXPERIMENTS – I – PRACTICAL
1. Determination of Stefan’s constant.

2. Determination of e/m of an electron by magnetron method.

3. Design and study of monostable multivibrator.

4. Characteristics of UJT.

5. Characteristics of LDR.

6. Ultrasonic dielectric constant

7. Polorizability of liquids – hollow prism.

8. Band gap energy – Four Probe method.

 










           11PPH 1405P2




3 Hrs / 2 Credits

ADVANCED GENERAL EXPERIMENTS – I – PRACTICAL
1. Determination of q, n, σ by elliptical fringes method.

2. Identification of prominent lines by spectrum photography – Iron spectrum.

3. Determination of magnetic susceptibility by Quincke’s method.

4. Determination of carrier concentration and Hall coefficients in semiconductors.

5. Fresnel’s Bi-prism  - λ and µ  scale telescope method 

6. “g” factor determination – ESR spectrometer

7. Determination of magnetic susceptibility of powered sample – Guoy’s method.

8. Lorentz number determination – Forbe’s method.

                                           







          11PPH 2410P1




3 Hrs / 2 Credits

GENERAL EXPERIMENTS – II – PRACTICAL 
1. Determination of specific rotatory power of liquid using polarimeter.

2. Hysteresis loop tracer 

3. Relaxation oscillator using UJT

4. Charge of an electron by spectrometer

5. e/m Helical method 

6. Photo diode characteristics 

7. e/m Thomson method 

8. Op-amp square wave and triangular wave generator.

                                           







          11PPH 2410P2




3 Hrs / 2 Credits

ADVANCED GENERAL EXPERIMENTS – II – PRACTICAL 
1. Determination of q, n, σ by hyperbolic fringes method

2. Rydberg’s Constant – Hydrogen Spectrum.

3. Determination of wavelength and   Δλ using Michelson’s interferometer.

4. Ultrasonic compressibility of a liquid.

5. Brass spectrum-Determination of composition.

6. Determination of magnetic susceptibility of a liquid by Guoy’s method.

7. B-H curve 

8. Determination of Planck’s constant.












           11PPH 3413P1




3 Hrs / 2 Credits

MICROPROCESSOR  AND C PROGRAMMING  EXPERIMENTS – I – PRACTICAL

Microprocessor Experiments

1. Conversion from Decimal to Hexadecimal and vice versa (8085).

2. Stepper Motor control using Intel 8085.

3. Interfacing seven segment display using Intel 8085.

4. Wave form generation using DAC 0800 by Intel 8085.

          C Programming 

5. Solution of Linear Algebraic equations by Gauss Elimination method. Application to an electric network.

6. Linear Least Squares Fit Method – Charge of an Electron.

7. Interpolation of Data using Lagrange’s method – Nuclear Scattering Cross Section.

8. Solution of ODE using Runge – Kutta IV order method – Application to MLC Oscillator.












           11PPH 3413P2




3 Hrs / 2 Credits

ANALOG AND DIGITAL EXPERIMENTS – I – PRACTICAL

Analog Experiments

1. Construction of single and Dual power supplies using 78XX & 79XX regulator ICs

2. Characteristics and Applications of Op-Amp 741 IC.  

3.  D/A conversion – Binary Weighted Network.

4. Monostable multivibrator using 555 timer IC.


Digital Experiments

5. Verification of De Morgan’s theorem and simplification of Boolean expressions.

6. Adders and Subtractors using Logic Gates.

7. Counters & Displays.  [0 – 9 counter using IC 7490, 7 segment display using 

 decoder driver 7447 ]

8. Flip flops – RS, JK & D flip flops.












          11PPH 4415P1




3 Hrs / 2 Credits

MICROPROCESSOR  AND C PROGRAMMING  EXPERIMENTS – II – PRACTICAL

Microprocessor Experiments

1. Basic arithmetic operations using Intel 8051 microcontroller
2. Traffic light control using Intel 8085.

3. Interfacing ADC using Intel 8085.

4. Interfacing Hex key board – IC 8279.


PC Experiments   

5. Numerical integration by Simpson’s method – Finding integrals of trigonometric functions.

6. Solution  of algebraic Equation – Newton Raphson Method (Second order only)

7. Random Number Generation – Simulation of Brownian Motion.

8. Monte Carlo Simulation – (i) Estimation of π Value.

                                           (ii) Simulation of Radioactivity.












          11PPH 4415P2




3 Hrs / 2 Credits

ANALOG AND DIGITAL EXPERIMENTS – II – PRACTICALS

Analog Experiments

1. Filters using Op-Amp – low pass, high pass & band pass filters (first order filters).

2. Solution of simultaneous equations (Algebraic equations).

3. D/A conversion –R-2R Ladder Network.

4. Characteristics of Chua’s Diode.


Digital Experiments

5. Simplification of Boolean expressions by Karnaugh Map and verification.

6. Digital Comparators (2-bit and 4-bit)

7. Shift register using IC 7474.

8. Multiplexer and Demultiplexer.
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