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1.Scheme for CBCS Curriculum

1.1Credit Distribution across Courses

Credits

Course Type Total Papers Theory + Practical Theory*

14*4 =56 14*5 =70

Core Courses 14

14*2 =28 14*1=14
Discipline Specific 4 4*4=16 4*5=20
S ENYES 4*2=8 4*1=4
. _ A*4=16 4*5=20
Generic Electives 4
4*2=8 4*1=4
Ability Enhancement
2 2*2=4 2%2=4
Language Courses
Skill Enhancement
2 2*2=4 2%2=4
Courses
Totals 26 140 140

*Tutorials of 1 Credit will be conducted in case there is no practical component

1.2Scheme for CBCSCurriculum

SEINESE Course Name Course Detail Credits

I Ability EnhancemenCompulsory  English communication / Environmenta 2

Coursei | Science

Corecoursei | Mathematical Physieb 4
Corecoursei | Practical Mathematical PhysiesLab 2
Corecoursei |l Mechanics 4
Corecoursei |l Practical Mechanics Lab 2
GeneticElectivei 1 TBD 4

GenericElectivei 1 Practical TBD 2
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Ability EnhancementCompulsory

Coursei I

Corecoursei Il

Corecoursei Il Practical

Corecoursei’ IV

Corecoursei IV Practical

GenericElectivei 2

GenericElectivei 2 Practical

Corecoursel V

Corecoursei V Practical

Corecoursel VI

Core coursé VI Practical

Corecoursei VI

Corecoursel VII Practical

Skill Enhancemen€oursei 1

GenericElectivei 3

GenericElectivei 3 Practical

Corecoursei VI

Corecoursei VIII Practical

Corecoursel IX

English communication / Environmenta 2

Science

Electricity and Magnetism

Electricity and Magnetism Lab

Waves and Optics

Waves and Optics Lab

TBD

TBD

Mathematical Physied

Mathematical Physiel Lab

Thermal Physics

Thermal Physics Lab

Digital Systems and Applications

Digital Systems & Applications Lab

TBD

TBD

TBD

Mathematical Physics IlI

Mathematical PhysieHI Lab

Elements of Modern Physics
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Corecoursei IX Practical

Corecoursei X

Corecoursei X Practical

Skill Enhancemen€ourse2

GenericElectivei 4

GenericElectivei 4 Practical

Corecoursei Xl

Corecoursei XI| Practical

Corecoursei Xll

Corecoursei Xl Practical

Discipline SpecificElectivei 1

Discipline Specific Elective 1

1 Practical

Discipline SpecificElectivei 2

Discipline Specific Elective 1

2 Practical

Corecoursei Xl

Corecoursei Xlll Practical

Corecoursei XIV

Corecoursei XIV Practical

Discipline SpecificElectivei 3

Elements of Modern Physics Lab

Analog Systems and Applications

Analog Systems & Applications Lab

TBD

TBD

TBD

Quantum Mechanics & Applications

Quantum Mechanics Lab

Solid State Physics

Solid State Physics Lab

TBD

TBD

TBD

TBD

Electremagnetic Theory

Electremagnetic Theory Lab

Statistical Mechanics

Statistical Mechanics Lab

TBD
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Discipline Specific Elective i TBD 2
3 Practical
Discipline SpecificElectivei 4 TBD 4
Discipline Specific Elective i TBD 2
4 Practical

1.3 Choices for Discipline Specific Electives

Discipline Specific Electivei 1 to 4

SemV Advanced Mathematical ~ Nuclear and Particle Advanced Dynamics
Physics | (4+2) Physics (5+1) (5+1)

Sem VI Advanced Mathematical ~ Astronomy and Communication
Physics Il (5+1) Astrophysics (5+1) Electronics  (4+2)

1.4 Choicesfor Skill Enhancement Courses

Skill Enhancement Coursel & Skill Enhancement Course2

Physics Workshop Skills Electrical circuits & Network Renewable Energy & Energy
Skills harvesting

Computational Physics Skills ~ Basic Instrumentation Skills Technical Drawing

Weather Forecasting Radiation Safety Applied Optics

1.5 Choices of Generic Electivegfor Honours students of other disciplines)

Odd Mechanics Thermal Physics & Digital, Analog Perspectives of
Sem (4+2) Statistical Mechanics | Circuits & Modern Physics
(4+2) Instrumentation (4+2) | (5+1)
Even Electricity & Waves & Optics Solid State Physics Nuclear & Particle
Sem Magnetism (4+2) (4+2) Physics
(4+2) (5+1)
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2. Core Subjects Syllabus

1.6Core T1i Mathematical Physics

Mathematical Physics

60 Lectures 4 Credits

Calculus 20 Lectures

Recapitulation: Limits, continuity, average and instantaneous quantities, differentiation. Plotting fur
Intuitive ideas of continuous, differentiable, etc. functions and plotting of curves. Approximation: Tayl

binomial series (statements onl@onvergence condition of Taylor series and corresponding tests.

First Order and Second Order Differential equations: First Order Differential Equations and Inte
Factor. Homogeneous and Inhomogeneous Equations with constant coefficients, particular
Wronskian and general solution. Statement of existandeUniqueness Theorem for Initial Value Problel

Particular Integral.

Calculus of functions of more than one variable: Partial derivatives, exact and inexact differ

Integrating factor, with simple illustration. Constrained Maximization usingdrege Multipliers.
Vector Calculus 30 Lectures

Recapitulation of vectors: Properties of vectors under rotations. Scalar product and its invarianc
rotations. Vector product, Scalar triple product and their interpretation in terms of area and

respectively. Scalar and Vector fields.

Vector Differentiation: Directional derivatives and normal derivative. Gradient of a scalar field ai
geometrical interpretation. Divergence and curl of a vector field. Del and Laplacian operators.

identities using Kronecker delta and Lewita symhols.

Vector Integration: Ordinary Integrals of Vectors. Multiple integrals, Jacobian. Notion of infinitesima
surface and volume elements. Line, surface and volume integrals of Vector fields. Flux of a vect
Gauss' divergence theorem, Greeand Stokes Theorems and their applications (no rigorous proofs).

Orthogonal Curvilinear Coordinates. Derivation of Gradient, Divergence, Curl and Laplacian in Cal
Spherical and Cylindrical Coordinate Systems.
Introduction to probability 10 Lectures

Independent random variables: Probability distribution functions; binomial, Gaussian, and Poissc

examples. Mean and variance.
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Dependent events: Conditional Probability. Bayes' Theorem.

Reference Books
Mathematical Methods for Physicists,B. Arfken, H.J. Weber, F.E. Harris, 2013, 7th Edn., Elsevier.
Mathematical methods in the Physical Sciences, M. L. Boas, 2005, Wiley.
Vector Analysis with an | nt rSeriesM.R Splegehvkc@Graw HAl.n
Introduction to Mathematical Physics. C. Hard&89,PHI.
An introduction to ordinary differential equations, E.A. Coddington, 2009, PHI learning
Differential Equations, George F. Simmons, 2007, McGraw Hill.
Mathematical Tools for Physics, James Near2@,0, Dover Publications.
Mathematical methods for Scientists and Engineers, D.A. McQuarrie, 2003, Viva Book
Advanced Engineering Mathematics, D.G. Zill and W.S. Wright, 5 Ed., 2012, Jones and Bartlett Li
Mathematical Physics, Goswami, 1st editi@engage Learning
Engineering Mathematics, S.Pal and S.C. Bhunia, 2015, Oxford University Press
Advanced Engineering Mathematics, Erwin Kreyszig, 2008, Wiley India.
Essential Mathematical Methods, K.F.Riley & M.P.Hobson, 2011, Cambridge Univ. Press

1.7Core P11 Mathematical Physics Lab

Mathematical Physics

60 class hours 2 credits

General Topics
Computer architecture and organization, memory and Input/output devices.

Basics of scientific computingBinary and decimal arithmetic, Floating point numbeatgorithms,
Sequence, Selection and Repetition, single and double precision arithmetic, underflow &ev
emphasize the importance of making equations in terms of dimensionless variables, Iterative methoc

Errors and error Analysis:Truncation and raud off errors, Absolute and relative errors, Floating pt

computations.
Introduction to plotting graphs with QtiPlot (or equivalent)

Basic 2D and 3D graph plottingplotting functions and datafiles, fitting data using qgtiplot's fit functi

polarand parametric plots, modifying the appearance of graphs, Surface and contour plots, exportin
Introduction to programming in python:

1 Python as a number calculator



Page

algebraic calculation through python interactively
help searching
standard I/GCstatements

program with formula crunching

=A = =4 =4 =4

string, list, tuple and the corresponding methods

i Control structures
Programs as applications

1 finite series summation

1 Taylor series summation with a given precision
File handling in Python

9 File I/O statements
Least square fitting

9 Linear and linearised Least square fitting with supplied data
User defined functions in Python

9 User defined function, default argument.
synthetic data generation and plotting

1 synthetic data generati@amd plotting with QtiPlot (or equivalent).
Finding largest and smallest values within a dataset

1 Finding largest and smallest values over a ti@ees data.

1 Estimating largest and smallest values of a function within an interval using fixed step
Solution of Algebraic and Transcendental equations

1 Root finding: Bisection & New Raphson Method (Initial guess to be determined by plottin

nontlinear equations.

1 Applications in simple physical problems (including those of mathematical Physics)
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Reference Books

Introduction to Numerical Analysis, S.S. Sastry, 5th Edn. , 2012, PHI Learning Pvt. Ltd.
Mathematical Methods. M.C. Potter and J. Goldberg, 2000, PHI.

Learning Scientific Programming with Python. C. Hill, 2016, Chambridge.

Learning withPythorrhow to think like a computer scientist, J. Elkner, C. Meyer, and A. Dow
2015, Dreamtech Press.

Introduction to computation and programming using Python, J. Guttag, 2013, Prentice Hall Ir
Effective Computation in Physic&ield guide to reseeh with Python, A. Scopatz and K.D. Huf
2015, OO6Rielly

A first course in Numerical Methods, U.M. Ascher & C. Greif, 2012, PHI Learning.
Elementary Numerical Analysis, K.E. Atkinson, 3rd Edn ., 2007, Wiley India Edition.
Numerical Methods for Sciestis & Engineers, R.W. Hamming, 1973, Courier Dover Pub.

An Introduction to computational Physics, T.Pang, 2nd Edn., 2006,Cambridge Univ. Press
Computational Physics, Darren Walker, 1st Edn., 2015, Scientific International Pvt. Ltd.
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1.8Core T21 Mechanics

Mechanics

60 Lectures 4 Credits
Fundamentals of Dynamics 5 Lectures
Ref erence fr ames. l nerti al fr ames; Review of

invariance. Momentum of variablenass system: motion of rocket. Dynamicsaobystem of particles

Centre of Mass. Principle of conservation of momentum. Impulse.

Work and Energy 4 | ectures

Work and Kinetic Energy Theorem. Conservative and ronservative forces. Potential Energy. Qualitat
study of one dimensional moticinom potential energy curves. Stable and unstable equilibrium. El
potential energy. Force as gradient of potential energy. Work & Potential energy. Work done-k

conservative forces. Law of conservation of Energy.

Collisions 3 Lectures
Elasticand inelastic collisions between particles. Centre of Mass and Laboratory frames.
Rotational Dynamics 10 Lectures

Angular momentum of a particle and system of particles. Torque. Principle of conservation of i
momentum. Rotation about a fixed axis. Moment of IneRierpedicular axes theorem and parallel &
theorem and their applications éalculatiors of moment of inertia for rectangular, cylindrical and spheri

bodies. Kinetic energy of rotation. Mation involving both translation and rotation.

Elasticity 6 Lectures

Relation between Elastic constants. Twisting torque on a Cylinder or Béreling of abeami internal

bending moment..

Fluid Motion 4 Lectures

Kinematics of Moving FludsEqu at i on of continuity. |l dea of

numberP 0 i s e Equatioh fer Blew of ariscousLiquid through a Capillary Tube.

Gravitation and Central Force Motion 9 Lectures
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Law of gravitation. Gravitational potential energy. Inertial and gravitational mass. Potential and field
spherical shell and solid sphere.

Motion of a particle under a central force field. Fandy problem and its reduction to ebedy problem anc
i ts solution. The energy wequation and energ

applications. Geosynchronous orbits. Weiglsiteess. Basic idea of global positioning system (GPS).

Oscillations 7 Lectures

SHM: Simple Harmonic Oscillations. Differential equation of SHM and its solution. Kinetic energy, pol
energy, total energy and their tiragerage values. Dampedscillation. Forced oscillations: Transient a

steady states; Resonagcgharpness of resonance; power dissipation and Quality Factor.

Non-Inertial Systems: 4 | ectures

Non-inertial frames and fictitious forces. Uniformly rotating frame. Laws of Physics in rotating coort

systems. Centrifugal force. Coriolis force and its applications.

Special Theory of Relativity 8 Lectures

MichelsonMorley Experiment and itsoutcome. Postulates of Special Theory of Relativity. Lore
Transformations. Simultaneity and order of events. Lorentz contraction. Time dilation. Rela
transformation of velocity, frequency and wave number. Relativistic addition of velodRadativistic

Doppler effect.

Reference Books
An introduction to mechanics, D. Kleppner, R.J. Kolenkow, 1973, Mc&iiw
Classical Dynamics of Particles and Systems. S.T. Thornton and J. B. Marion, 2009, Brooks/(
Mechanics, Berkeley Physics, vol@ Kittel, W.Knight, et.al. 2007, Tata McGraMill.
Physics, Resnick, Halliday and Walker 8/e. 2008, Wiley.
University Physics. F.W Sears, M.W Zemansky, H.D Young 13/e, 1986, Addison Wesley
Theoretical Mechanics, M.R. Spiegel, 2006, Tata McGraw Hill.
GeneraProperties of Matte-.H. Newman and V.H.L. Searle, 1957, Hodder and Stoughton.
General Properties of Matter. B. Brown, 1969, Springer Science.
A Degree Physics Part 1: The General Properties of M&ttér Smith, 1960, Arnold.
Classical Mechanics ar@eneral Properties of Matte3.N. Maiti and D.P. Raychaudhuri, New Ag
Feynman Lectures, Vol. I, R.P.Feynman, R.B.Leighton, M.Sands, 2008, Pearson Education
Introduction to Special Relativity, R. Resnick, 2005, John Wiley and Sons.
Special Relativity (MITIntroductory Physics)A.P. French, 2018, CRC Press.
University Physics, Ronald Lane Reese, 2003, Thomson Brooks/Cole.
Analytical Mechanics, G.R. Fowles and G.L. Cassiday. 2005, Cengage Learning.

Additional Books for Reference
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Mechanics, D.S. Mathur, Sh@nd and Company Limited, 2000
Physics for scientists and Engineers with Modern Phys., JW. Jewett, R.A. Serway, 2010, (
Learning

1.9Core P21 Mechanics Lab

Mechanics

60 class hours 2 Credits

General Topic

Discussion on random errors in observatiovsasurement principles of length (or diameter) us

vernier caliper, screw gauge and travelling microscope. Discussion on the parts of Sextant.
List of Practical

1. To study the random error in observationsiroe period of some oscillation using chronometer.

2. To determine the Moment of Inertia of a regular body using anatinaliary body and a cradle
suspendetly ametallicwire.

3. To determine g and velocity for a freely falling body using Digital Timing Tiegken

4., To determine Coefficient of Viscosity of

5. To determine the Young's Modulus by flexure method.

6. To determine the Modulus of Rigidity of a Wire by a torsional pendulum.

7. To determine the height of a hiling using a Sextant.

8 To determine the elastic Constants of a w

9. To determine the value of g using Bar Pendulum.

10.To determine the value of g using Kateréds

11. To study the Motion of Spring and calculate, (a) Spring congtang and (c) Modulus of rigidity.

Reference Books

Advanced Practical Physics for students, B. L. Flint and H.T. Worsnop, 1971, Asia Publishing
Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4th Edition, reprintet
Heinemann Educational Publishers

A Text Book of Practical Physics, |.Prakash & Ramakrishna, 11th Edn, 2011, Kitab Mahal
Engineering Practical Physics, S.Panigrahi & B.Mallick, 2015, Cengage Learning India Pvt. L
Practical Physics, G.L. Squires, 2048 Edition, Cambridge University Press.
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1.10 Core T3 - Electricity and Magnetism

Electricity and Magnetism

60 class hours 4 Credits
Electric Field and Electric Potential 15 Lectures
El ectric field: Electric field |ines. El ectr

spherical, cylindrical and planar symmetGharge density of a point char@eDefinition of Dirac delta

function. Properties of Dirac delta furan.

Conservative nature of Electrostatic Field. I
and Electric Field of a dipole. Force and Torque on a dipdigueness theorem. Method of Images anc
application to: (1) Plane Infinite Sheet and (2) Sphere.

Electrostatic energy of system of charges. Electrostatic energy of a charged sphere. Conductc
electrostatic Field. Surface charge and force ooraductor. Capacitance of a system of charged conduc

Paralletplate capacitor. Capacitance of an isolated conduet@rgy stored in Electrostatic field.

Dielectric Properties of Matter 8 Lectures

Electric Field in matter. Polarization, Polarization Charges. Electrical Susceptibility and Dielectric Cc
Capacitor (parallel plate, spherical, cylindrical) filled with dielectric. Displacement vector D. Rel:

bet ween E, P a nidlecttics.BoBdany soad@iont &t tive intenfacelof two media

Magnetic Field 10 Lectures

Magnetic force between current elements and definition of Magnetic Field BSEiot ar t 6 s
simple applications: straight wire and circular loop. Current Loop as a Magnetic Dipole and its

Moment (Analogy with Electric Dipole).

A mp e r ecdital LaWiand its application to (1) infinite straight wire, (2) Infinite planar surface curren
(3) Solenoid. Properties of B: curl and divergence. . Axial vector property of B and its consequences
Potential.Calculation of vector potenti@nd magnetic induction in simple casestraight wire, magnetic

field due to small currerbop.

Magnetic Force on (1) point charge (2) current carrying wire (3) between current elements. Torq

current loop in a uniform Magnetic Field.

Magnetic Properties of Matter 5 Lectures
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Magnetization vector (M). Magnetic Intensity (H). Magnetic Susceptibility and permeability. Re
between B, H, M. Ferromagnetism:-HBcurve and hysteresi8oundary conditions at the interface of tv

media.
Electromagnetic Induction 6 Lectures

Faradayo6s L aw.Induceame shd Mutual imductedee] célculation in simple cases (e.g. ci

loops, solenoids). Reciprocity Theorem. Energy stored in a Magnetic Field.
Electrical Circuits 10 Lectures

Charge Conservatioh equation of continuityTransients in D.C.:Growth and decay of current, charging
discharging of capacitors in CR, LR & LCR circuits; oscillatory discharge; time constant; time varial

total energy in LCR cicuit.

AC Circuits:Ki r chhoff 6s | aws for AC circuits. Compl
LCR Circuit: (1) Resonance, (2) Power Dissipation and (3) Quality Factor, and (4) Band Width. Parall

Circuit
Network theorems 6 Lectures

Ideal Constantvoltage and Constamurrent Sources. Network Theorems: Thevenin theorem, Nc
theorem, Superposition theorem, Reciprocity theorem, Maximum Power Transfer theorem. Applicatio

circuits

Reference Books
Foundations of Electromagnefitieory. J.R. Reitz, F.J. Milford and R.W. Christy, 2010, Pearson
Electricity and Magnetism, Edward M. Purcell, 1986 McGidill Education
Introduction to Electrodynamics, D.J. Griffiths, 3rd Edn., 1998, Benjamin Cummings.
Feynman Lectures Vol.R.P.Feynman, R.B.Leighton, M. Sands, 2008, Pearson Education
Electromagnetism. I.S. Grant and W.R. Phillip813, Wiley.
Classical Electromagnetism. J. Franklin, 2008, Pearson Education.
Elements of Electromagnetics, M.N.O. Sadiku, 2010, Oxford UnivePségs.
Electricity, Magnetism & Electromagnetic Theory, S. Mahajan and Choudhury, 2012, Tata Mc!
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1.11 Core P3i Electricity and Magnetism Lab

Electricity and Magnetism

60 class hours 2 Credits

General topic

Use a Multimeter for measuring (Resistances, (b) AC and DC Voltages, (c) DC Current, (d) Capaciti
(e) Checking electrical fuses and (f) circuit continuity cheddke monst arti on on (
potentiometer, resistance box, inductor coil, moving coil galvanometer (in detdrakballistic mode), etc
Use of computers for plotting of experimental results and corresponding fitting of curves using nu

methods learnt in the last semester, are to be encouraged with evidences in laboratory notebooks

List of Practicals

Todet ermine an unknown Low Resistance usin
To verify the Thevenin and Norton theorems.
To verify the Superposition and Maximum power transfer theorems.

Todeterminesef nduct ance of a coil by Ander sonds

a > w N oRE

To study responseurve of a Series LCR circuit and determine its (a) Resonant frequenc

Impedance at resonance, (c) Quality factor Q, and (d) Band width.

6. To study the response curve of a parallel LCR circuit and determine its (ajesathant frequenc
and (b) Quatly factor Q.

7. To study the characteristics of a series RC Circuit.

8. To determine an unknown Low Resistance using Potentiometer.

9. To determine the resistance of a galvanom

10. Measurement of field strength B and its variation in arsald (determine dB/dx)

Reference Books

Advanced Practical Physics for students, B.L. Flint and H.T. Worsnop, 1971, Asia Publishing
A Text Book of Practical Physics, |.Prakash & Ramakrishna, 11th Ed., 2011, Kitab Mahal
Advanced level Physid3racticals, Michael Nelson and Jon M. Ogborn, 4th Edition, reprinted :
Heinemann Educational Publishers

Engineering Practical Physics, S.Panigrahi and B.Mallick, 2015, Cengage Learning.

A Laboratory Manual of Physics for undergraduate classes, D iRd€heal, 1985, Vani Pub.
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1.12 Core T4 - Waves and Optics

Waves and Optics

60 Lectures 4 Credits

Superposition of Collinear Harmonic oscillations 4 Lectures

Linearity and Superposition Principle. Superposition of two collinear oscillations having (1)

frequencies and (2) different frequencies (Beats).

Superposition of N collinear Harmonic Oscillations with (1) equal phase differences and (2) equakire

differences.

Superposition of two perpendicular Harmonic Oscillations 3 Lectures

Graphical and Analytical Methods. Lissajous Figures with equal an unequal frequency and their uses
Wave Motion 4 | ectures

Plane and Spherical Waves. Longitudinal and Transverse Waves. Progressive (Trawglegand its
differential equation. phase and group velocities for harmonic waReessure of a Longitudinal Wav

Energy Transport. Intensity of Wave. Water Wavegpii and Gravity Waves
Velocity of Waves 5 Lectures

Velocity of Transverse Vibrations of Stretched Strings. Velocity of Longitudinal Waves in a Fluid in a

Newt onds Formula for Velocity of Sound. Lapl a
Superposition of Two HarmonicWaves 7 Lectures

Standing (Stationary) Waves in a String: Fixed and Free Ends. Analytical Treatment. Chbér
wavefunctionwith respect to Position and Time. Energy of Vibrating String. Transfer of Energy. N
Modes of Stretched Strings. Longitudinal Standing Waves and Normal Modes. Open and Close

Superposition of N Harmonic Waves.
Wave Optics 4 Lectures

Electromagnetic nature of light. Definition and properties of wave front. Huygens Principle. Tempol

Spatial Coherenc€haracteristics of Laser light.

Interference 9 Lectures
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Division of amplitude and waWwdforyadmts. MYoaunogd sa
Phase change on reflection: St okesd tr-shagednfénms.
Fringes of equal inclination (Haidinger Frir

Rings:Measurement of wavelength and refractive index.
Interferometer 4 Lectures

Michelson Interferometefl) Idea of form of fringes (No theory required), (2) Determination of Waveler

(3) Wavelength Difference, (4) Refractive Index, and (5) VisibilitfFohges. FabrPerot interferometer.
Diffraction and Holography 20 Lectures

Kirchhoffds and RreseelKri alc hhoTH &®&sr eml nt egr al fo

Fraunhofer diffraction: Single slit, rectangularaperture. Resolving Power @hn optical instrument

Ray !l ei g h bDaublecslit.Multle slita. Diffraction grating. Resolving power of grating.

Fresnel Di ffraction: Fr e $eried Zbres far sPtane nyave. Explagation
Rectilinear Propagation of Light. Theory of

Fresnel diffraction pattern of a straight edge, a slit and a wire.

Holography: Principle of Holography. Recording and Reconstruction Method. yiteédrolography as

Interference between two Plane Waves. Point source holograms.

Reference Books
Waves: Berkeley Physics Course, vol. 3, Francis Crawford, 2007, Tata Mddliaw
Vibrations and Waves. A.P. French, 2003, CBS.
Vibrations & Waves. G.CKing, 2009, Wiley.
The Physics of Vibrations and Waves, H. J. Pain, 2013, John Wiley and Sons.
Optics. E.Hecht 2003,Pearson Education
Optics, Ajoy Ghatak, 2008, Tata McGraw Hill
Basic Optics: Principles and Concepts. A. Lahiri, 2016, Elsevier.
Fundamentals of Optics, F.A. Jenkins and H.E. White, 1981, McGiithw
Principles of Optics, Max Born and Emil Wolf, 7th Edn., 1999, Pergamon Press.
The Physics of Waves and Oscillations, N.K. Bajaj, 1998, Tata McGraw Hill.
Fundamental of Optics, A. Kumaf.R. Gulati and D.R. Khanna, 2011, R. Chand Publications.
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1.13 Core P41 Wave and OpticsLab

Wave and Optics

60 class hours 2 Credits

General Topic

Discussion on the working principles of electric tuning fork, sodium and mercury vapour |
CROettcDhemonstrations on adjustments of spec
etc. Measurement principle on the circular in a spectromésa. of computers for plotting ¢
experimental results and corresponding fitting of curves using humerétabds learnt in the la

semester, are to be encouraged with evidences in laboratory notebooks

List of Practical

1. To determine the frequency of an el e’dTlani c

To determine refractive index of tivaterial of a prism using sodium source.

w

To determine the dispersive power and Cauchy constants of the material of a prism using
source.

To determine wavelength of sodium light using Fresnel Biprism.

To determine wavelength of sodium light usingihdeon 6s Ri ngs.

To determine dispersive power and resolving power of a plane diffraction grating.

To study Lissajous Figures to derermine the phase difference between two harmonic oscillatii

© N o o A

To determine the thickness of a thin paper by megsthie width of the interference fring

produced by a wedgghaped Film.

9. Familiarization with: Schuster’s focusing; determination of angle of prism.

10. To determine wavelength of (1) Na source and (2) spectral lines of Hg swmimgeplane diffraction
grating.

11. To investigate the motion of coupled oscillators.

122To determine the wavelength of sodium sou

Reference Books

Advanced Practical Physics for students, B.L. Flint and H.T. Worsnop, 1971, Asia Publishing
A Text Book of Practical Physics, I. Prakash & Ramakrishna, 11th Ed., 2011, Kitab Mahal
Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4th Edition, reprintes
Heinemann Educational Publishers

A Laboratory Manual of Physics fondergraduate classes, D.P.Khandelwal, 1985, Vani Pub.
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1.14 Core T5- Mathematical Physicsl|

Mathematical Physicsi I

60 Lectures 4 Credits

Fourier Series 10 Lectures

Periodic functions. Orthogonality of sine and cosine functions, Dirichlet Conditions (Statement
Expansion of periodic functions in a series of sine and cosine functions and determination of
coefficients.Euler relation-- Complex representan of Fourier series. Expansion of functions with arbitr
period. Expansion of neperiodic functions over an interval. Even and odd functions and their Fc
expansions. Application. Summing of Infinite Series. HaTerm differentiation and integtion of Fourier

Series. Parseval Identity.
Frobenius Method and Special Functions 25 Lectures

Singular Points of Second Order Linear Differential Equations and their importance. Frobenius methoc
applications to differential equations. Legendre, Bessel, Hermite and Laguerre Differential Equations. Pi
of Legendre Polynomials: Rodriga&ormula, Generating Function, Orthogonality. Simple recurrence rela
Expansion of function in a series of Legendre Polynomidsiltipole expansion in Electrostatic
Orthonormality of Hermite and Laguerre polynomials (statements dBggsel Fundbns of the First Kind:
Generating Function, simple recurrence relations. Zeros of Bessel Functions (Jo(x) and J1(x))and Orthc
Airybs disc for Fraunhofer diffraction through

Some Specialntegrals 4 Lectures

Beta and Gamma Functions and Relation between them. Expression of Integrals in terms of Gamma F

Error Function (Probability Integral).
Variational calculus in physics 5 Lectures

Idea of functionals. Euldtagrange equation from calculus of variation. Idea of constraints (holonomic

degrees of freedom and generalise@baod i nat e s . Hamil tonds principl
Analytical Dynamics 10 Lectures
Applicat ons of Lagrangeds equation in simple pro-b

ordinate and conservation principles from different symmetries.

Idea of Legendre transformation. Its application in mechanics and thermodynamics. Definition of Hami
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Canonical equations of motion. Poisson bracket and its properties. Time variation of a dynamical va
terms of in terms of Poisson bracketd the condition related to the constants of motion.

Partial Differential Equations 6 Lectures

Solutions to partial differential equations, using separation of variables: Laplace's Equation in prob
rectangular symmetry. Wave equation angdisition for vibrational modes of a stretched string

Reference Books
Mathematical Methods for Physicists: Arfken, Weber, 2005, Harris, Elsevier.
Fourier Analysis by M.R. Spiegel, 2004, Tata McGtdiN.
Mathematical Methods. M. C. Potter andaaldberg, 2000, PHI.
Mathematics for Physicists, Susan M. Lea, 2004, Thomson Brooks/Cole.
Differential Equations, George F. Simmons, 2006, Tata Mctiw
Differential Equations. S. L. Ross, 1984, Wiley.
Classical Mechanics: Systems of Particles and Hemigan Dynamics. W. Greiner, 2004, Springer.
Classical Mechanics. J.R. Taylor, 2005, University Science Books.
Partial Differential Equations for Scientists & Engineers, S.J. Farlow, 1993, Dover Pub.
Engineering Mathematics, S.Pal and S.C. Bhunia, 20gfer@®University Press
Mathematical methods for Scientists & Engineers, D.A. McQuarrie, 2003, Viva Books

Mathematical Physics, P. K. Chattopadhyay, 2014, New Academic Science.
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1.15 Core P51 Mathematical Physics Il Lab

Mathematical Physics Il

60 class hours 2 Credits

General Topics: Introduction to the python numpy module. Arrays in numpy, array operations, array
selection, slicing, shaping arraystroduction to online graph plotting using matplotlib. Use scipy to gene¢
Legendre Polynomials andeBsel function and then plot those using matplotlib.

Detailed discussion on the underlying theory of the following numerical methods including efficiency

method in each case. Simple physical problems based on these methods are to be introduced.
Sorting:

1 bubble sort

1 insertion sort
Statistical Calculations:

1 mean, median and standard deviation for a set of discrete data points
Interpolation:

1 NewtonGregory forward & backward formula

Numerical differentiation

1 Forward and Backward differenéarmula
Numerical Integration

1 By trapezoidal rule.

1 By Simpsonbés 1/3 rd rule.lntegration by ¢
Integration by stochastic method

1 Monte Carlo random dot method
Solution of ODE First order Differential equation

1 Euler Method
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ReferenceBooks

Learning Scientific Programming with Python. C. Hill, 2016, Chambridge.

A Friendly Introduction to Numerical Analysis. B. Bradie, 2007, Pearson.

Mathematical Methods for Physics and Engineers, K.F Riley, M.P. Hobson and S. J. Bence,
2006,Cambridge University Press

Complex Variables, A.S. Fokas & M.J. Ablowitz, 8th Ed., 2011, Cambridge Univ. Press
Numpy beginners guide, Idris Alba, 2015, Packt Publishing

Computational Physics, D.Walker, 1st Edn., 2015, Scientific International Pvt. Ltd.

1.16 Core T6- Thermal Physics

Thermal Physics

60 Lectures 4 Credits

Introduction to Thermodynamics 25 Lectures

Zeroth and First Law of Thermodynamics: Extensive and intensive Thermodynamic Var
Thermodynamic Equilibrium, Zeroth Law of Thermodynam8c€oncept of Temperature, Concept of Wc
& Heat, State Functions, First Law of Thermodynamics and its differential form, Internal Energy, Fir:
& various processes, Applications of First Law: General Relation between CP and CV, Work Done

Isothermal and Adiabatic Processes, Compressibility and Expansiaffi€ient.

Second Law of Thermodynamics: Reversible and Irreversible process with examples. Conversion
into Heat and Heat into Wor k. H edffitiencly iRefrigeratos &
coefficient of performance, 2nd Law of Thermodynamics: KeRfsnck and Clausius Statements |

their Equivalence.

Carnotés Theorem. Applications of Second Law

and its Equivalence to Perfect Gas Scale.

Entropy: Concept of Entropy, Clausius Theorem. Clausius Inequality, Second Law of Thermodyna
terms of Entropy. Entropy of a perfect gas. Principle of Increase of Entropy. Entropy Changes in Re
and Ireversible processes with examples. Entropy of the Universe. Entropy Changes in Revers
Irreversible Processes. Principle of Increase of Entropy. Tempérahirepy diagrams for Cycle. Third La

of Thermodynamics. Unattainability of Absolute Zero.

Thermodynamic Potentials 15 Lectures
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Thermodynamic Potential s: I nternal Energy, E
Definitions, Properties and Applications. Surface Films and Variation of Surface Tension with Tempu
Magnetic Work, Cooling due to adiabatic demagnetization (basic principle only), First and seconc

Phase Transitions with examples, Clausius Clapeyron Equation and Ehrenfest equations

Derivations and applications of OlasiuwElapéyis eqlitol
(2) Values of CpCv, (3) TdS Equations, (4) Jouikelvin coefficient for Ideal and Van der Waal Gases,

Energy equations, (6) Change of Temperature during Adiabatic Process.

Kinetic Theory of Gases 20 Lectures

Distribution of Velocities: MaxwetBoltzmann Law of Distribution of Velocities in an Ideal Gas and
Experi ment al Verification. Doppl er Broadeni ng¢
Most Probable Speeds. Degrees of Freedom. Lawqaipartition of Energy (No proof required). Specif
heats of Gases.

Molecular Collisions: Mean Free Path. Collision Probability. Estimates of Mean Free Path. Tre
Phenomenon in Ideal Gases: (1) Viscosity, (2) Thermal Conductivity and (3) Diffusimmnnian Motion and

its Significance.

Real Gases: Behavior of Real Gases: Devi ati or
Experiments on CO2 Gas. Critical Constants. Continuity of Liquid and Gaseous State. Vapour and Ge
Tempe at ur e. Van der Waal 6s Equation of St at e

Corresponding States. Comparison with Experimental Curvasé. PDi agr a ms . Joul e
Adiabatic Expansion of a Perfect Gas. Jeliemson Porous Plugxperiment. JouleThomson Effect for

Real and Van der Waal Gases. Temperature of Inversion: Jiideson Cooling.
Reference Books

Thermodynamics. B-ermi 1956, Dover.

Concepts in Thermal Physics, S.J. Blundell and K.M. Blundell, 2nd Ed., @3d@&,d Univ Press.
Principles of Thermodynamichl. Kaufman, 2002, Marcel Dekker.

Heat and Thermodynamics, M.W. Zemansky, Richard Dittman, 1981, MeBitaw
Thermodynamics, Kinetic Theory, and Statistical Thermodynamics. F. W. Sears and G.L. S
1998, Narosa.

A Treatise on Heat, Meghnad Saha, and B.N. Srivastava, 1969, Indian Press.

Basic Thermodynamic&. Guha, 2010, Narosa.

Thermal Physics, S. Garg, R. Bansal and Ghosh, 2nd Edition, 1993, Tata Md{Braw

Modern Thermodynamics with Statistiddechanics, Carl S. Helrich, 2009, Springer.
Thermodynamics, Kinetic Theory & Statistical Thermodynamics, Sears & Salinger. 1988, Nar
Thermodynamics and an introduction to thermostatistics, H. B. Callen, 1985, Wiley

Thermal Physics, A. Kumar and S.BnEja, 2014, R. Chand Publications.
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1.17 Core P61 Thermal Physics Lab

Thermal Physics

60 class hours 2 Credits

General Topics:

Discussion on logscale plot to study power law dependence, decay constant etc. Discussic

properties of PRT, thermocouple, diode sensor etc.

List of Practical

1. Verification of Stefanés | aw using a tor

2. To determine the Coefficient@fh e r ma | Conductivity of a ba
method.

3. To determine the Temperature Coefficient of Resistance by Platinum Resistance Thermomet
using constant current source

4. To study the variation of Therrriemf of a Thermocoupleith Difference of Temperature of its Tw
Junctions.

5. To calibrate a thermocouple to measure temperature in a specified Range by Null Method
potentiometer.

6. To calibrate a thermocouple to measure temperature in a specified Range by direct mes:
using OpAmp differential amplifier and to determine Neutral Temperature

7. Mesuring unknown temperature using a diode sensor.

8 To determine Mechani cal Equi valent of Hea

9. To determine the Coefficienfo Th er mal Conductivity of Cu

100.To determine the Coefficient of Ther mal C

Reference Books

Advanced Practical Physics for students, B. L. Flint and H.T. Worsnop, 1971, Asia Publishing
A Text Book of Practical Physics, |.Prakash & Ramakrishna, 11th Ed., 2011, Kitab Mahal
Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4th Edition, reprinte
Heinemann Educational Publishers

A Laboratory Manual of Physics fandergraduate classes, D. P. Khandelwal, 1985, Vani Pub.
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1.18 Core T7 - Digital Systems and Applications

Digital Systems and Applications

60 Lectures 4 Credits

Introduction 4 Lectures

Electronic Components and Measuring devices (whketh fare gfedgnagiythe following c
their general CharacteristicRagabsmoscope(CRO), Block diagr&heotfoGREin. Defl
System and Time Base. Deflection Sensitivity. Applications of CRO:1)Study ®f ok
Voltage , Current, Frequency and Phase difference.

Integrated Circuits 5 Lectures

Active & Passive components. Discrete components. Wafer. Chip. Advantages a
integration: SSI, MSI, LSI and VLSI (defioitteasaody). Classification of ICs. Exampl
Digital ICs.

Digital Circuits 16 Lectures

Difference between Analog and Digital Circuits. Binary Numbers. Decimal to Bir
Conversion. BCD, Octal and Hexadecimal numbers. De Morgan's Theorems. Bool
Gates (realization using Diodes and fidrsstor)ofSimgic Circuit using Boolean Algel
NOR Gates as Universal Gates. XOR and XNOR Gates and application as Parity (
Idea of Minterms and Maxterms. Conversion of a Truth table into iyq(dyebem loddPec
Method and (2) Karnaugh Map.

Arithmatic circuits 5 Lectures

Binary Addition. Binary Subtraction using 2's Complement. Half and Full Adderbit|
binary Adder/Subtractor.

Data processing circuits 5 Lectures
Basic idea of Multiplexers, Dmultiplexers, Decoders, Encoders.
Sequential circuits 6 Lectures

SR, D, and JK Flig-lops. Clocked (Level and Edge Triggered) fipps. Preset and Clear operations. Re
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around conditions in JK Fliglop. M/S JK FlipFlop. M/S JK Fhpop, Combinational logic
development of sequential circuit.

Timers 4 |Lectures

IC 555: block diagram and applications: Astable multivibrator and Monostable multivibrator.

Registers 4 Lectures

Seriatin-Serialout, Serialin-Parallelout, Parallein-Seriatout and Parallein-Paralletout Shift Registers

(only up to 4 bits).

Counters (4 bits) 4 Lectures
Ring Counter. Asynchronous counters, Decade Counter. Synchronous Counter.
Computer Organization 7 Lectures

Input/Output Devices. Data storage (idea of RAM and ROM). Computer memory. Memory organize
addressing. Memory Interfacing. Memory Map.
Reference Books
Digital Principles and Applications, A.P. Malvino, D. P. Leach and Saha, 7th Ed.,TAQHL,
Digital Computer Electronics. A.P. Malvino and J.A. Brown, 2005, TMH.
Fundamentals of Digital Circuits, Anand Kumar, 2nd Edn, 2009, PHI Learning Pvt. Ltd.
Digital Circuits and systems, Venugopal, 2011, Tata McGraw Hill.
Digital Electronics G K Kharate ,2010, Oxford University Press
Digital Systems: Principles & Applications, R.J.Tocci, N.S.Widmer, 2001, PHI Learning
Logic circuit design, Shimon P. Vingron, 2012, i&ger.
Digital Electronics, Subrata Ghoshal, 2012, Cengage Learning.
Digital Electronics, S.K. Mandal, 2010, 1st edition, McGraw Hill
Microprocessor Architecture Programming & applications with 8085, 2002, R.S. Goankar, P
Hall.
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1.19 Core P71 Digital Systems and Applications Lab

Digital Systems and Applications

60 class hours 2 Credits

1) Inthe Beginning of practical coursébaef history of development of electronstsould
be introduced.

2) In continuation of the previous topic, physically introdube Valve, Transformer,
Resistance, Capacitor, Potentiometer etc. and also Impotant measuring instrume
(viz. digital & analog multimeter, power supply, function generator, Oscilloscope) -
used in the following experiments. Describe their charatiesiwith an explanation o
their working principle).

3) Inrest of the all practical classes: Approximately 25% of the class period should
used in introducing the perspectives and importance of the experiments to be doi
details of the experiments addcussion on the observations of last class.1. a) To
measure (a) Voltage, and (b) Time period of a periodic waveform using CRO.

List of Practical

1. a) To measure (i) Voltage, and (ii) Time period of a periodic waveform using C
b) To test a Diode antransistor using a Multimeter.

2. a) To design a switch (NOT gate) using a transistor.
b) To verify and design AND, OR, NOT and XOR gates using NAND gates.

3. For a given truth table find logic equation, minimize and design the circuit u
logic gate ICs.

4. Half Adder, Full Adder and-bit binary Adder.

5. To build Flip-Flop (RS, Dtype and JK) circuits using NAND gates.

6. To design an astable multivibrator of given specifications using 555 Timer.
7. To design a monostable multivibrator of given specifications UsiagTimer.
8. Half Subtractor, Full Subtractor, Add&ubtractor using Full Adder I.C.

9. To build JK Mastesslave flip-flop using FlipFlop ICs
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10.To build a 4bit Counter using Bype/JK FlipFlop ICs and study timing diagram.

11.To make a it Shift Register (sgal and parallel) using Bype/JK FlipFlop ICs.

Reference Books

Modern Digital Electronics, R.P. Jain, 4th Edition, 2010, Tata McGraw Hill.
Basic Electronics: A text lab manual, P.B. Zbar, A.P. Malvino, M.A. Miller, 1994 QGvkw Hill.
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1.20 Core T8 - Mathematical Physics Il

Mathematical Physics IlI

60 Lectures 4 Credits

Complex Analysis 20 Lectures

Euler's formula.De Moivre's theorem, Roots of Complex Numbers. Functions of Complex Vari
Analyticity and CauchyRiemann Conditions. Examples of analytic functions. Singular functions: pole
branch points, order of singularity, branch cuts. Integration of aifumof a complex variable. Cauchy
l nequality. Cauchyébs I ntegr al formul a. Si mp

expansion. Residues and Residue Theorem. Application in solving Definite Integrals.
Integrals Transforms 15 Lectures

Fourier Transforms: Fourier Integral theorem. Fourier Transform. Examples. Fourier transfo
trigonometric, Gaussian, finite wave train & other functions. Representation of Dirac delta functic
Fourier Integral. Fourier transform of derivativesydrse Fourier transform, Convolution theorem. Propet
of Fourier transforms (translation, change of scale, complex conjugation, etc.). Three dimensional
transforms with examples. Application of Fourier Transforms to differential equationsdi®easional

Wave and Diffusion/Heat Flow Equations.
Boundary Value Problems 10 Lectures

Solutions of Laplaces equation in problems with cyldically and spherically symmetric boundary cont
Examples from Electrostatics. Solutions of heat diffustiqonation with boundary conditions of rectangu
symmetry.

Matrices 7 Lectures

Hermitian conjugate of a Matrix. Hermitian and SkedWermitian Matrices with properties. Singular a
Non-Singular matrices. Orthogonal and Unitary Matrices. TraceMddtaix. Inner Product of matrices.

Eigenvalues and Eigenvectors 8 Lectures

Eigenvalues and eigenvectdrscalculation, charateristic equation. Cayléyamiliton Theorem. Similarity
transformation with properties. Diagonalization of Matrices. SolutiofisCoupled Linear Ordinar

Differential Equations. Functions of a Matrix.

Reference Books
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Mathematical Methods for Physicists, G.B. Arfken, H.J. Weber, F.E. Harris, 2013, 7th Edn., El
Mathematical methods in the Physical Sciences, M. L. B35, Wiley.

Mathematical Methods of Physics. J. Mathews and R.L. Walker, 2004, Pearson.
Mathematical Methods for Physics and Engineers, K.F Riley, M.P. Hobson and S. J. Bence,
2006, Cambridge University Press

Mathematics for Physicists, P. Denypand A.Krzywicki, 1967, Dover Publications

Complex Variables, A.S.Fokas & M.J.Ablowitz, 8th Ed., 2011, Cambridge Univ. Press
Complex Variables, A.K. Kapoor, 2014, Cambridge Univ. Press

Complex Variables and Applications, J.W. Brown & R.V. Churchill, ‘Bd. 2003, Tata McGraw
Hill

First course in complex analysis with applications, D.G. Zill and P.D. Shanahan, 1940, Ji
Bartlett
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1.21 Core P81 Mathematical Physics Ill Lab

Mathematical Physics IlI

60 class hours 2 Credits

General Topics: Detailed discussion on the underlying theory of the following numerical met
including efficiency of the method in each caSieple physical problems based on these methods ¢

be introduced.
List of Practical

1. ODE initial value problems by RK2 &K4
2. Solution of Linear system of equations by Gauss elimination method, determinant by Gauss
method.
Inverse of a matrix by Gauseidal iterative method.
GramSchmidt orthogonalisation method with 3 vectors.
Explicit calculation of largest eigealue calculation by power iterative method for real symme
matrix and corresponding eigenvector
6. Eigen vectors, eigen values problems (by numpy.linalg)
Boudary value problems (by finite difference method with fixed grid size):
a. Laplace eqgn in 1D witlbirichlet boundary condition
b. 1D Fourier heat equation with Dirichlet boundary condition
c. Poisson equations
d. Wave equation
Find square roots, cube roots of a complex number using two dimensional Neaybsaon method

Integral transform: FT of exg(x?)

Co
1
[N
[EEN
[an)

10. Dirac Delta Function: Evaluate—, Q w ocQw for

Octave:

1 Introduction of Octave with its basic features.
1 Few examples of solving(a) differential equations and (b) matrix eigenvalue problenr

are tobe performed using Octave

Reference Books

Learning Scientific Programming with Python. C. Hill, 2016, Chambridge.

Mathematical Methods for Physics and Engineers, K.F Riley, M.P. Hobson and S. J. Bence,
2006, Cambridge University Press

A Friendly Introduction to Numerical Analysis. B. Bradie, 2007, Pearson.
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An Introduction to Numerical Analysis. Prasad, 2012, Narosa.

Mathematics for Physicists, P. Dennery and A. Krzywicki, 1967, Dover Publications

Scientific Computing with MATLAB and Octav A. Quarteroni and F. Saleri, 2006, Springer.
Numerical Methods using MATLAB. J.H. Mathews akd. Fink, 2009, PHI.

Simulation of ODE/PDE Models with MATLAB®, OCTAVE and SCILAB: Scientific ai
Engineering Applications: A. Vande Wouwer, P. Saucez, Es¥handez. 2014 Springer ISBN: 97
3319067896

https://web.stanford.edu/~boyd/ee102/laplace_ckts.pdf
https://ocw.nthu.edu.tw/ocw/upload/12/244/12handout.pdf

1.22 Core T9- Elements of Modern Physics

Elements of Modern Physics

60 Lectures 4 Credits

Relativistic Dynamics 12 Lectures

Invariance of spaeBme interval under Lorentz transformation. Idea efeftor i contravariant anc
contravariant components, metric-sdalar. Spactke, timelike and lightlike separation, causality il
relativity. Proper time. 4velocity and 4momentum. Conservation law of smiomentum. Relativistic mas:
Relativistic energy. Rest energy. Equivalence of mass & energy. Applications in two body decay of a

two body collisions.
Collection of Identical EntitiesT Classical Approach 6 Lectures

Large collection of identical entities in an enclosure at thermal equilibrium. Idea of averaging o
collection, relation with bulk variables. Boltzmann weight factor. Law of equipartition of energy for ¢
entity. Example: Cavity radiation and black body, classical theory of blackbody radiation, Raldaitghlaw.

Ultraviolet catastrophe.
Emergence of Quantum Theory 20 Lectures

Pl anckds quantum postulate to avoid ultraviol
blackbody Radiation. Photlectric effect and Compton scattering. Light as a collection of phofdireyn

Sommerfield quantization rule unifyig Pl anck6s guanti zati on ru
guantization ruleDe Broglie wavelength and matter waves; DavisGammer experiment. Wave descriptit

of particles by wave packets. Group and Phase velocities and relation between them.
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Position measurementgamma ray microscope thought experiment; Heisenberg uncertainty pril
(Uncertainty relations involving Canonical pair of variables) as a consequence of wave desc
Estimating minimum energy of a confined particle using unogytarinciple.Energytime uncertainty
principle- application to virtual particles and range of an interaction.

Two-Slit interference experiment with electrons and photons. Waaer t i cl e dual ity,
principle. Matter waves and wave fation, linear superposition principle as a consequere;r 1|

probabilistic interpretation of wave function bridging between wave description and particle descriptiol

Lasers 4 Lectures

Laser s: Einsteinbds A and Sppntaneous farfdiStmulatedtemissionis! eOp
Pumping and Population Inversion. Thiamvel and Foulevel Lasers. Ruby Laser and e Laser. Basic
lasing.

Nuclear Physics 18 Lectures

Size and structure of atomic nucleus and its relation with atesight; Impossibility of an electron being
the nucleus as a consequence of the uncertainty principle. Nature of nuclear force, NZ graph, Liqt

model: semiempirical mass formula and binding energy, Nuclear Shell Model and magic numbers.

Radioactivty: stability of the nucleus; Law of radioactive decay; Mean life andIHejfAlpha decay; Betz
decay energy released, spectrum and Pauli's prediction of neutrino; Gamma ray emissionmemaeegyum

conservation: electrepositron pair creation byagnma photons in the vicinity of a nucleus.

Fission and fusionmass deficit, relativity and generation of energy; Fissiamture of fragments an
emission of neutrons. Nuclear reactor: slow neutrons interacting with Uranium 235; Fusio

thermonucleareactions driving stellar energy (brief qualitative discussions).

Reference Books
Concepts of Modern Physics, Arthur Beiser, 2002, McGrily
Relativity. W. Rindler, 20060xford.
Quantum Physics of Atoms, Molecules, Solids, Nuclei and ParticlekisRerg and R. Resnicl
1985, Wiley.
Perspectives of Modern Physics. A. Beiser, 1969, McGidlv
Introduction to Modern Physics, Rich Meyer, Kennard, Coop, 2002, Tata McGraw Hill
Introduction to Quantum Mechanics, David J. Griffith, 2005, Pearson Edocati
Physics for scientists and Engineers with Modern Physics, Jewett and Serway, 2010, (
Learning.
Modern Physics, G.Kaur and G.R. Pickrell, 2014, McGraw Hill
An Introduction to Nuclear Physics. W. N. Cottingham and D.A. Greenwood, 2004, Chambrid;
Quantum Mechanics: Theory & Applications, A.K.Ghatak & S.Lokanathan, 2004, Macmillan
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Additional Books for Reference

1.23

Modern Physics, J.R. Taylor, C.D. Zafiratos, M.A. Dubson, 2004, PHI Learning.

Theory and Problems of Modern Physics, Schaum’s outlin§aBtreau and W. Savin, 2nd Ec
Tata McGrawHill Publishing Co. Ltd.

Quantum Physics, Berkeley Physics, Vol.4. E.H.Wichman, 1971, Tata Medilia@o.

Basic ideas and concepts in Nuclear Physics, K.Heyde, 3rd Edn., Institute of Physics Pub.
Six ldeas thaShaped Physics: Particle Behave like Waves, T.A.Moore, 2003, McGraw Hill

Core P91 Elements of Modern Physics Lab

Elements of Modern Physics

60 class hours 2 Credits

General Topics:

Discussion on properties rotational spectra of iodine, worgitmgiples of tunnel diode, vacuul

diode, discharge tube.

List of Practical

© ©® N o g~ w NP

(I
o

11.
12.
13.
14.

To determine the wavelength ofdlpha emission line of Hydrogen atom.

To determine the absorption lines in the rotational spectrum of lodine vapour.

To determine the value efm by Bar magnet.

To determine the wavelength of laser source using diffraction of double slits.

To determine wavelength using4Ne/ solid state laser using plane diffraction grating
To determine angular spread of-Ne/ solid state laser using pladiffraction grating

To determine work function of material of filament of directly heated vacuum diode.
To show the tunneling effect in tunnel diode usingdharacteristics.

Measurement of Planckds constdaettorusi ng bl

. Photoelectric effect: photo current versus intensity and wavelength of light; maximum ¢

of photeelectrons versus frequency of light

To determine the Planckébés constant wusing
To determine the ionization fmtial of mercury.

To setup the Millikan oil drop apparatus and determine the charge of an electron.

To determine the wavelength of laser source using diffraction of single slit.

Reference Books

Advanced Practical Physics for students, B.L. Flintldid Worsnop, 1971, Asia Publishing Hous
Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4th Edition, reprinte:
Heinemann Educational Publishers

A Text Book of Practical Physics, |.Prakash & Ramakrishna, 11th Edn, 2011,Kitzdd Ma
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1.24 Core T10- Analog Systems and Applications

Analog Systems and Applications

60 Lectures 4 Credits

History of the development of electronics 3 Lectures

Valve circuits and advantages of using semiconductor devices in modern ele
systems.

Semiconductor Diodes 7 Lectures

P and N type semiconductors. Energy Level Diagram. Conductivity and Mobility, Co
of Drift velocity. PN Junction Fabrication (Simple Idea). Barrier Formation in PN Jun
Diode. Static and Dynamic Resistance. Current Flow Mechanism in Forward aes®&
Biased Diode. Derivation for Barrier Potential, Barrier Width and Current for
Junction.

Two-terminal Devices and their Applications 7 Lectures

Rectifier Diode: HaHKwave Rectifiers. Centrapped and Bridge Fulave Rectifiers,
Calculation of Ripple Factor and Rectification Efficiencyf G | t e fiter(dualitative,
expression only), Zener Diode and Voltage Regulation. Principle and stra€{)eLEDs,
(2) Photodiode and (3) Solar Cell.

Bipolar Junction transistors 8 Lectures

n-p-n and pn-p Transistors. Characteristics of CB, CE and CC Configurations. Ph
Mechani sm of Current FIl ow (unbiased).
Load Line analysis of Transistors. DC Load line anepdint. Active, Cutoff and
Sduration Regions.

Field Effect transistors 3 Lectures
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Basic principle of operation of JFET, JFET parameters and CS characteristics

Amplifiers 8 Lectures

Amplifiers: Transistor Biasing and Stabilization Circuits. Fixed Bias and Voltage Di
Bias. Transistor as-gort Network. hparameter Equivalent Circuit. Analysis of a sing
stage CE amplifier using Hybrid Model. Input and Output Impedance. Curdtag¥ and
Power Gains. Classification of Class A, B & C Amplifiers.

Coupled Amplifier 3 Lectures

Two stage R&oupled amplifier and its frequency response.

Feedback in Amplifiers 4 Lectures

Concept of feedback, Effects of Positive and Negative Feedback on Input Impe
Output Impedance, Gain, Stability, Distortion and Noise.

Sinusoidal Oscillators 4 Lectures

Barkhausen's Criterion for salfistained oscillations. RC Phase shiscillator,
determination of Frequency. Hartley & Colpitts oscillators.

Operational Amplifiers (Black Box approach) 4 Lectures

Characteristics of an Ideal and Practical-@pp. (IC 741) Ope+loop and Closedbop
Gain. Frequency Response. CMRR. Slew Raig concept of Virtual ground.

Applications of Op-Amps 7 Lectures

Linear - (1) Inverting and nofinverting amplifiers, (2) Adder, (3) Subtractor, (
Differentiator, (5) Integrator, (6) Log amplifier, (7) Zero crossing detector (8) Wein b
oscillator. Nonlineari (1) inverting and notinverting comparators, (2) Schmidt triggers

Conversion 2 Lectures

Resistive network (Weighted andZR Ladder). Accuracy and Resolution. A/D Convers
(successive approximation)

Reference Books



Page

Electronic Devices and Circuit Theory. R.L. Boylested and L. Nashelsky, 2012, Pearson.
Integrated Electronics, J. Millman and C.C. Halkias, 1991, Tat&kev Hill.

Electronics: Fundamentals and Applications, J.D. Ryder, 2004, Prentice Hall.

Solid StateElectronic Devices, B.G.Streetman & S.K.Banerjee, 6th Edn.,2009, PHI Learning
Electronic Devices & circuits, S.Salivahanan & N.S.Kumar, 3rd Ed., 2012, Tatar&e Hill
OP-Amps and Linear Integrated Circuit, R. A. Gayakwad, 4th edition, 2000, Prentice Hall
Microelectronic circuits, A.S. Sedra, K.C. Smith, A.N. Chandorkar, 2014, 6th Edn., C
University Press.

Electronic circuits: Handbook of design & applications, U.Tietze, C.Schenk,2008, Springer
Semiconductor Devices: Physics and Technology, S.M.28zkeE=d., 2002, Wiley India
Microelectronic Circuits, M.H. Rashid, 2nd Edition, Cengage Learning

Electronic Devices, 7/e Thomas L. Floyd, 2008, Pearson India
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1.25

Core P10i Analog Systems and Applications Lab

Analog Systems and Applications

60 class hours 2 Credits

General Topics:Discussion on the operational principles of televantcircuits used in the experiments.

List of Practical

10.

11.

12.

13.

14.

15.

16.

To study VI characteristics of PN junction diode and Light emitting diode (LED
using both current and voltageurce).

To study the M characteristics of a Zener diode and its use as voltage regulatc

Study of VI & power curves of Solar Cells and find maximum power point and
efficiency.

To study the characteristics of a Bipolar Junction Transistor indguration.

To study the frequency response of voltage gain of & Bélipled transistor
amplifier.

To design inverting, nennverting and buffer amplifiers using Gmp (741/351)
for dc voltage.

To design a Wien bridge oscillator for given frequensing a OpAmp.
To add dc voltages using €mp in inverting and neimverting mode.
a) To investigate the use of an-amp as an Integrator.

b) To investigate the use of an-app as a Differentiator.

To design a CE transistor amplifier of a given gaimd¢gain) using voltage divider
bias.

To study the various biasing configurations of BJT for normal class A operatiol
To design a Phase Shift Oscillator of given specification using\@p.

To study the Colpittédés Oscillator.
To design a digital to analoguverter (DAC) of given specifications.

To study the analog to digital converter (ADC) IC.

To design a precision Differential amplifier of given 1/0 specification using Op
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Amp.
17. To design a circuit to simulate the solution of®1" order differentiakquation.

18. To design inverting amplifier using @mmp (741/351) and study its frequency
response

19. To design noanverting amplifier using O@mmp (741/351) & study its frequency
response

20. To study the zerd crossing detector and comparator.

21. Using Schmitt triger and associated circuit (with OPAMP) generate different v
forms.

Reference Books

Basic Electronics: A text lab manual, P.B. Zbar, A.P. Malvino, M.A. Miller, 1994 Gvkw Hill.
OP-Amps and Linear Integrated Circuit, R. A. Gayakwad, 4th edif600, Prentice Hall.
Electronic Principle, Albert Malvino, 2008, Tata Maraw Hill.

Electronic Devices & circuit Theory, R.L. Boylestad & L.D. Nashelsky, 2009, Pearson
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1.26 Core T11- Quantum Mechanics and Applications

Quantum Mechanics and Applications

60 Lectures 4 Credits

Basic Formalism 12 Lectures

Departure from matter wave description. Quantum mechanics as a new framework to describe the rules
microscopic world. Postulates of quantum mechanics: State as a vector in a complex vector space, inne
its properties using Dirac bieet noation. Physical observables as Hermitian operators on stateispace

eigenvalues, eigenvectors and completeness property of the eigenventir representation. Measuremer

statistics. Unitary timevolution. Demonstration of the rules ideel systens.

Wavefunction as the probability amplitude distribution of a state for the observables with continuous
eigenvalues. Position representation and momentum representation diwetiens and operators. Position,
momentum and Hamiltonian operators. Nmoimmuting observables and incompatible measurement,

uncertainty relationPositionmomentum uncertainty principle as an example.

Commuting observables and degeneracy; complete set of commuting observables.
Schrodinger Equation 12 Lectures

Time dependenschrodinger equation: Time dependent Schrodinger equation and dynamical evolutic
guantum state; Properties of Wave Function. Interpretation of Wave Function Probability and probability
densities in three dimensions; Conditions for physicaeptability of Wave Functions. Normalization a
Linear Superposition Principles of the solutions of Schoedinger equation. Wave Function of a Free
Explanation of wawgarticle duality in two slit experiment with microscopic particles from theva

formalism.

Time independent Schrodinger equatldamiltonian, stationary states and energy eigenvalues; expansion
arbitrary wavefunction as a linear combination of energy eigenfunctions; General solution of the time de
Schrodinger equatioin terms of linear combinations of stationary states; Application to spread of Ga
wavepacket for a free particle in one dimension; wave packets, Fourier transforms and momentum spa

function; consistency with positiemomentum uncertainty imrciple.

Quantum mechanical scattering and tunnelling in one dimessiwss a step potential & rectangular poter

barrier. Tunnelling effect in the case of alpha decay and in scanning tunnel microscopes (qualitative d

only).

Bound statesin an arbitrary potential 8 Lectures
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Bound state$ continuity of wave function, boundary condition and emergence of discrete energy levels.

One dimensional infinitely rigid bexenergy eigenvalues and eigenfunctions, normalization; generalisatio

three dimension and degeneracy of energy levels. Quantum dot as example.

Quantum mechanics of simple harmonic oscillztoergy levels and energy eigenfunctions; Herr
polynomials; ground state, zero point energy & uncertainty principle. Rdgsieying operator and thei

applications.
Quantum theory of hydrogenlike atoms 10 Lectures

Time independent Schrodinger equation in spherical polar coordinates with spherically symmetric p
separation of variables for second order partial differeatjghtion; angular momentum operators, commuta
relations, ladder operators & quantum numbers; sphericakdinate representation of angular moment
operators. Radial wavefunctions for Coulomb potential; shapes of the probability densities for &rimshd
excited states. Commuting observables and degeneracy of energy levels. Orbital angular momentum

numbers | and m; s, p, d,shefisbshells. Applications for Hydrogen atom,” i, positronium and alikes.
Applications of Quantization Rulesin Atomic Physics 18 Lectures

Absence of exact stationary state solutions for relativistic effects and foratadtion atoms. Approximat

description by semglassical vector model of atoms.

Electron angular momentum quantization rules. Space quantization. Orbital Magnetic Moment and N
Energy, Gyromagnetic Ratio and Bohr magneton. Electron Spin as relativistic quantum effect (qu.
discussion only), Spin Angular Momentum. Spin Meafic Moment. Stern@Gerlach Experiment. Larmc

Precession.

Multi-e |l ect r on at oms. Pauli 6s Exclusion Principl

Aufbau principlen+l rule (qualitative discussion only). Periodic table.

Spin orbit ineraction. Addition of angular momentum (statement only). Total angular momentum of el
Total energy level correction due to relativistic effects and-eiit interaction (statement only). Fine structt

splitting.

Normal and Anomalous Zeeman fé&dt, Landeg factor, Paschen Back effect. Stark Effect (Qualital

Discussion only).

Spin-orbit coupling in atom$ L-Sandd] coupl ing schemes. Hunddés Ru
and Al kali Atoms (Na et c.flomBoktdhedyey ds | aw and i

Reference Books
Introduction to Quantum Mechanics, D.J. Griffith, 2nd Ed. 2005, Pearson Education.
Quantum Mechanics: Theory and Experimént Beck, 2012, Oxford University Press.
A Modern Approach to Quantum MechanidsS. Townsen®010, Viva BookgIndian Edn.).
The Principles of Quantum Mechanics. P.A.M. Dirac, 2006, Oxford.
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A Text book of Quantum Mechanics, P.M.Mathews and K.\enkatesan, 2nd Ed.
McGraw Hill
Quantum Mechanics, Robert Eisberg and Robert Resnick:@nd 2002, Wiley.
Quantum Mechanics, Leonard I. Schiff, 3rd Edn. 2010, Tata McGraw Hill.
Quantum Mechanics, G. Aruldhas, 2nd Edn. 2002, PHI Learning of India.
Quantum Mechanics, Bruce Cameron Reed, 2008, Jones and Bartlett Learning.
Quantum Mechanics: lBadations & Applications, Arno Bohm, 3rd Edn., 1993, Springer
Quantum Mechanics for Scientists & Engineers, D.A.B. Miller, 2008, Cambridge Uniw
Press

Additional Books for Reference
Quantum Mechanics, Eugen Merzbacher, 2004, John Wiley and Sons, Inc.

Quantum Mechanics, Walter Greiner, 4th Edn., 2001, Springer
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1.27 Core P11i Quantum Mechanics and Applications Lab

Quantum Mechanics and Applications

60 class hours 2 Credits

General Topics: Detailed discussion on the underlying theory of the followingerical method:s

including efficiency of the method in each case.
List of Practical

1. Solve the svave Schrodinger equation for the ground state and the first excited state

hydrogen atom:

Here, m is the reduced mass of the electron. Obtain the energy eigenvalues and
corresponding wavefunctions. Remember that the ground state energy of the hydrogen atom is [1[]-

13.6eV.Takee=3795.VA kc = 1973 (eVieVidand m = 0.

2. Solvethe swaveradial Schrodingerequationfor an atom:

wherem is the reducedmassof the system(which can be chosento be the massof an electron),

for the screened:oulombpotential

Find the energy (in eV) of the ground state of the atom tacanracy of three significant digit:
Also, plot the corresponding wavefunction. Take e = 3.795 (¥¥//&) = 0.511x106 eV/c2, and a
3 i, 5 i, 7 i. In these units kc = 197312

eV in all three cases.

3. Solve the svave radial Schrodinger equation for a particle of mass m:

For the anharmonic oscillator potential

for the ground state energy (in MeV) of particle to an accuracy of three significant digits. Als
the corresponding wave function. Cheaa = 940 MeV/g k = 100 MeV fn?, b = 0, 10, 30 MeV
fm*ln these units, ck = 197.3 MeV fm. The
110 MeV for all three cases.

4. Solve the svave radial Schrodinger equation for the vibrationsyafrogen molecule:
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Where p [11is the reduced mass of the two-atom system for the Morse potential

Find the lowest vibrational energy (in MeV) of the molecule to an accuracy of

three significant digits. Also plot the corresponding wave function. Take:9#0x%106eV/E, D =
0. 755501 e0.13034%A 1. 44, r

Reference Books

[1An introduction to computational Physics, T.Pang, 2nd Edn.,2006, Cambridge Univ.Press
ISimulation of ODE/PDE Models with MATLAB®, OCTAVE and SCILAB: Scientific &
Engineerin@Applications: A. Vande Wouwer, P. Saucez, C. V. Fernandez.2014 Springer.
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1.28 Core T12- Solid State Physics

Solid State Physics

60 Lectures 4 Credits

Crystal Structure 12 Lectures

Solids: Amorphous and Crystalline Materials. Lattice Transla¥iectors. Lattice with a Basis. Unit Cel
Miller Indices. Reciprocal Lattice. Types of Lattices. Brillouin Zones. Diffraction afays by Crystals.
Lauebds condition and Braggds Law. Structure F

Elementary Lattice Dynamics 10 Lectures

Lattice Vibrations and Phonons: Linear Monoatomic and Diatomic Chains. Acoustical and Optical Pt
Qualitative Description ofthPhonon Spectrum in Soli ds. Dul on

theories of specific heat of solids, its limitatson

Magnetic Properties of Matter 8 Lectures

Dia-, Para, Ferri and Ferromagnetic Materials. Classical Langevin Theory of diad Paramagneti
Domai ns. Quantum Mechani cal Treat ment of |

Ferromagnetism anfgerromagnetic Domains. Discussion efBCurve. Hysteresis and Energy Loss.

Dielectric Properties of Materials 8 Lectures

Polarization. Local Electric Field at an Atom. Depolarization Field. Electric Susceptibility. Polariza
Clausius Mosotti Equation. Classical Theory of Electric Polarizability. Normal and Anomalous Dispt

Cauchy and Sellmeir relations. Langeiebye equation. Complex Dielectric Constant. Optical Phenom:

Ferroelectric Properties of Materials 6 Lectures

Structural phase transition, Classification of crystals, Piezoelectric effect, Pyroelectric effect, Ferrc

effect, Electrostrictiveeffect, CurieWeiss Law, Ferroelectric domains, PE hysteresis loop.

Drudebs theory 6 Lectures

Free electron gas in metals, effective mass, drift current, mobility and conductivity, Hall effect in 1

Thermal conductivity. Lorentz number, limitationf Dr ude 6s t heory

Elementary band theory 10 Lectures
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Kronig Penny model. Band Gap. Conductor, Semiconductor (P and N type) and insulator. Conduc
Semiconductor, mobility, Hall Effect. Measurement of conductivity (04 probe method) &dtsficient.

Superconductivity 6 Lectures

Experimental Results. Critical Temperature. Critical magnetic field. Meissner effect. Type | and 1
Superconductor s, Londondés Equation and Penetr

Reference Books
The OxfordSolid State Basics. S. H. Simon, 2013, Oxford.
Elementary Solid State Physics, 1/e M. Ali Omar, 1999, Pearson India
Introduction to Solid State Physics, Charles Kittel, 8th Edition, 2004, Wiley India Pvt. Ltd.
Elements of Solid State Physics, J.P. Sriveast 4th Edition, 2015, Prentittall of India
Introduction to Solids, Leonid V. Azaroff, 2004, Tata-J@caw Hill
Solid State Physics, N.W. Ashcroft and N.D. Mermin, 1976, Cengage Learning
Solid-state Physics, H. Ibach and H. Luth, 2009, Springer
Solid Sate Physics, Rita John, 2014, McGraw Hill
Solid State Physics, M.A. Wahab, 2011, Narosa Publications
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1.29

Core P12i Solid State Physics Lab

Solid State Physics

60 class hours 2 Credits

General Topics:Discussion on the operation of the relevant ciraustsd for the different studies

the following experiments.

List of Practical

1.

o > w b

© © N o

10.

11.

To determine the Coupling Coefficient of a Piezoelectric crystal.

To measure the Dielectric Constant of a dielectric Materials with frequency

To study the characteristics ofarroelectric Crystal.

To draw the BH curve of Fe using Solenoid & determine energy loss from Hysteresis.

To measure the resistivity of a semiconductor (Ge) with temperature by reverse bias charac
of Ge diode (room temperature to 80 oC) andeterinine its band gap.

To determine the Hall coefficient of a semiconductor sample.

To study temperature coefficient of a semiconductor (NTC thermistor)

Measurement of susceptibility of paramagnetic solution (Quinck’s Tube Method)

To measure the Magnetiasceptibility of Solids.

To determine the complex dielectric constant and plasma frequency of metal using Surface |
resonance (SPR)

To determine the refractive index of a dielectric layer using SPR

Reference Books

Advanced Practical Physics fstudents, B.L. Flint and H.T. Worsnop, 1971, Asia Publishing Ho
Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4th Edition, reprinte
Heinemann Educational Publishers.

A Text Book of Practical Physics, |.Prakash & Ramakréstilth Ed., 2011, Kitab Mahal
Elements of Solid State Physics, J.P. Srivastava, 2nd Ed., 2006, PkaltioéIndia.



Page

1.30 Core T13- Electromagnetic Theory

Electromagnetic Theory

60 Lectures 4 Credits
Maxwell Equations 12 Lectures
Maxwel |l 8s equations. Di spl acement Current. Vi

and Coulomb Gauge. Boundary Conditions at Interface between Different Media. Wave Equation:
Waves in Dielectric Media. Poynting Theorem and Piogn¥ector. Electromagnetic (EM) Energy Densi
Physical Concept of Electromagnetic Field Energy Density. Momentum Density and Angular Mon

Density(statement only).

EM Wave Propagation in Unbounded Media 10 Lectures

Plane EM waves through vacuusnd isotropic dielectric medium, transverse nature of plane EM wi
refractive index and dielectric constant, wave impedance. Propagation through conducting media, r¢
time, skin depth. Wave propagation through dilute plasma, electrical contjuofivibnized gases, plasn

frequency, refractive index, skin depth, application to propagation through ionosphere.
EM Wave in Bounded Media 10 Lectures

Boundary conditions at a plane interface between two media. Reflection & Refraction of plane \péames
interface between two dielectric mediaws of Reflection & Refraction. Fresnel's Formulae
perpendicular & parallel polarization cases, Brewster's law. Reflection & Transmission coefficients.

internal reflection, evanescent waves. Metakiflection (normal Incidence).

Polarization of Electromagnetic Waves 17 Lectures

Description of Linear, Circular and Elliptical Polarization. Propagation of E.M. Waves in Anisotropic N
Symmetric Nature of Di el ¥makial and Biakial €rystals.. Light Prapagatie
in Uniaxial Crystal. Double Refraction. Polarization by Double Refraction. Nicol Prism. Ordina
extraordinary refractive indices. Production & detection of Plane, Circularly and Elliptically Polarized
Phase Retardation Plates: Quakéve and Halwave Plates. Babinet Compensator and its Uses. Ane

of Polarized Light

Rot atory Polarization: Optical Rotati on. Bi o
rotation. Calculatioro f angle of rotation. Experi ment al
L a ur e n-shade polararietér.
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Wave guides 8 Lectures

Planar optical wave guides. Planar dielectric wave guide. Condition of continuity at interface. Phase
total reflection. Eigenvalue equations. Phase and group velocity of guided waves. Field energy an

transmission.
Optical Fibres 3 Lectures

Numerical Aperture. Step and Graded Indices (Definitions Only). Single and Multiple Mode Fibres (C
and Definition Only).

Reference Books
Introduction to Electrodynamics, D.J. Griffiths, 3rd Ed., 1998, Benjamin Cummings.
Optics, E.Hecht, 2016, Pearson.
Elements of Electromagnetics, M.N.O. Sadiku, 2001, Oxford University Press.
Introduction to Electromagnetic Theory, T.L. Chow, 2006, Jones & Bartlett Learning
Fundamentals of Electromagnetics, M.A.W. Miah, 1982, Tata McGraw Hill
Elecromagnetic field Theory, R.S. Kshetrimayun, 2012, Cengage Learning
Engineering Electromagnetic, Willian H. Hayt, 8th Edition, 2012, McGraw Hill.
Electromagnetic Field Theory for Engineers & Physicists, G. Lehner, 2010, Springer
Additional Books for Referere
Electromagnetic Fields & Waves, P.Lorrain & D.Corson, 1970, W.H.Freeman & Co.
Electromagnetics, J.A. Edminster, Schaum Series, 2006, Tata McGraw Hill.
Electromagnetic field theory fundamentals, B. Guru and H. Hiziroglu, 2004,Cambridge Uni\

Press
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131

Core P13i Electromagnetic Theory Lab

Electromagnetic Theory

60 class hours 2 Credits

General Topics:Discussion on the working principles of polaroids, polarimeter, photometers etc.

List of Practical

1.
2.
3.

9.

10.
11.
12.
13.

To verify the law of Malus for plane polarizéght.

To determine the specific rotation of sugar solution using Polarimeter.

To determine the wavelength and velocity of ultrasonic waves in a liquid (Kerosene Oil, X
etc.) by studying the diffraction through ultrasonic grating.

To study thepolarization of light by reflection and determine the polarizing angle feglass
interface.

To verify Fresnelds formula for reflectio

To determine the Boltzmann constant usinbctiaracteristicef PN junction diode.

To determine the refractive Index of (1) glass and (2) a liquid by total internal reflection u
Gaussian eyepiece.

To deter mi ne t he refractive i ndex o-f
film.

To study the reflection, refraction of microwaves

To study Polarization and double slit interference in microwaves.

To analyze elliptically polarized Light b

To study dependence of radiation on angle for a simple Dipoleremten

To verify the Stefan's | aw of radiation a

Reference Books

Advanced Practical Physics for students, B.L. Flint and H.T. Worsnop, 1971, Asia Publishing
Advanced level Physics Practicals, Michael Nelson andlddgborn, 4th Edition, reprinted 198
Heinemann Educational Publishers

A Text Book of Practical Physics, |.Prakash & Ramakrishna, 11th Ed., 2011, Kitab Mahal
Electromagnetic Field Theory for Engineers & Physicists, G. Lehner, 2010, Springer
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1.32 CoreT141 Statistical Mechanics

Statistical Mechanics

60 Lectures 4 Credits

Classical Statistical Mechanics 20 Lectures

Macrostate & Microstate, concept of time averaging in a macroscopic measurement. Ergodic hy
(statement only). Elementa@o ncep't of Ensembl e, Liouvill eds
Space, postulate of equal a priori probability, Entropy and Thermodynamic Probability, Canonical en
Partition Function, Density of states: for ideal gas, for standing wawesanity. Thermodynamic Functior
of an Ideal Gas, Classical Entropy Expression, Gibbs Paradox, Sackur Tetrode equation, Law of Equ
of Energy (with proof)i Applications to Specific Heat and its Limitations, Thermodynamic Functions
Two-Energy Levels System, Negative Temperature. Grand canonical ensemble and chemical p
Equivalence of microcanonical, canonical and grand canonical ensemble for large systems (qt

discussion only).

Chemical Equilibrium 5 Lectures

Chemical potential and chemical reaction. Law of chemical equilibrium. Chemical potential for ideal ¢

photon gas. |l oni sation potential. Sahaéds 1| oni
Theory of Blackbody Radiation 6 Lectures

Properties of Ther mal Radiati on. Bl ackbody I
StefanBol t z mann Il aw: Ther modynamic proof . Radi a

Blackbody Radiation: Experimental Verification. Deductiorf (1) Wi ends Distr-i

Jeans Law, (3) StefdBo | t zmann Law, (4) Wiends Displ aceme

System of identical particles 6 Lectures

Collection of nonrinteracting identical particles. Classical approach and quaapmmoach: Distinguishability
and indistinguishability. Occupation number and MB distribution, emergence of Boltzmann factor. Cor
system postulate and symmetry postulate of quantum mechanics (for a pair of particles only). Bos

Fermions. Spin stistics theorem (statement only). Pauli exclusion principle for Fermions.
BoseEinstein Statistics: 12 Lectures

B-E distribution law, Thermodynamic functions of a strongly Degenerate Bose Gas, Bose E

condensation, properties of liquid He (qualitative description), Radiation as a photon gas and Therma
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functions of phot on g das. .PhoBoo gas. Debgerthieoryaot speocific heatfof s&
T3 law

Fermi-Dirac Statistics: 11 Lectures

FermiDirac Distribution Law, Thermodynamic functions of a Completely and strongly Degenerate
Gas, Fermi Energy, Fermi temperature, Fermi momentum, Sommerfield correction to free electron the

Metal. Specific Heat of Metals, WiedemaRranz lav,

Reference Books
Concepts in Thermal Physics, S.J. Blundell and K.M. Blundell, 2nd Ed., 2012, Oxford Univ. Pr
Statistical Physics, Berkeley Physics Course, F. Reif, 2008, Tata Md@Haw
Statistical Mechanics, R.K. Pathria, Butterworth HeinemafftEd.,1996, Oxford University Press
Statistical Mechanick an elementary outline, A. Lahiri, 2008 (Revised Editi@RC Press
Intermediate Statistical Mechanics. J. Bhattacharjee and D. Banerjee, 2017, World Scientific (
An Introductory Coursef Statistical Mechanics. P.B. Pan08, Narosa.
Statistical and Thermal Physics, S. Lokanathan and R.S. Gambhir. 1991, Prentice Hall
Thermodynamics, Kinetic Theory and Statistical Thermodynamics, Francis W. Sears and Ge|
Salinger, 1986, Narosa.
Modern Thermodynamics with Statistical Mechanics, Carl S. Helrich, 2009, Springer
An Introduction to Statistical Mechanics & Thermodynamics, R.H. Swendsen, 2012, Oxford
Press



Page

1.33 Core P14 Statistical Mechanics Lab

Statistical Mechanics

60 ClassHours 2 Credits

General Topics: Detailed discussion on the underlying theory of the following numerical met
including efficiency of the method in each case.

List of Practical

1. Computational analysis of the behavior of a collection of particlesboxathat satisfy Newtoniai
mechanics and interact via the Lenndahes potential, varying the total number of particles N
the initial conditions:

a) Study of local number density in the equilibrium state (i) average; (ii) fluctuations

b) Study of transienbehavior of the system (approach to equilibrium)

¢) Relationship of large N and the arrow of time

d) Computation of the velocity distribution of particles for the system and comparison wi
Maxwell velocity distribution

e) Computation and study of mean molecidpeed and its dependence on particle mass

f) Computation of fraction of molecules in an ideal gas having speed near the most probabl

2. Computation of the partition function Z([1) for examples of systems with a finite number of single
particle levels (@., 2 level, 3 level, etc.) and a finite number of fimieracting particles N unde
Maxwell-Boltzmann, FermDirac and BoseEinstein statistics:

a) Study of how Z(), average energy <E>, energy fluctuation [|E, specific heat at constant
volume Cv, depend upahe temperature, total number of particles N and the spectrum of
particle states.

b) Ratios of occupation numbers of various states for the systems considered above

c) Computation of physical quantities at large and small temperature T and companacious
statistics at large and small temperature T.

3. Pl ot Pl anckds |l aw for Bl ack B o0 d-Jeang laaw iatahigl
temperature and low temperature.

4. Plot Specific Heat of Solids (a) DulomRgtit law, (b) Einstein distribution fation, (c) Debye
distribution function for high temperature and low temperature and compare them for the
cases.

5. Plot the following functions with energy at different temperatures
a) Maxwell-Boltzmann distribution
b) FermiDirac distribution

¢) BoseEinsteindistribution

Reference Books



Page

Elementary Numerical Analysis, K.E.Atkinson, 3rd Edn . 20 07, Wiley India Edition
Statistical Mechanics, R.K. Pathria, Butterworth Heinemann: 2nd Ed., 1996, Oxford Uni\
Press.

Introduction to Modern StatisticMechanics, D. Chandler, Oxford University Press, 1987
Thermodynamics, Kinetic Theory and Statistical Thermodynamics, Francis W. Sears and Gel
Salinger, 1986, Narosa.

Modern Thermodynamics with Statistical Mechanics, Carl S. Helrich, 2009, Springer
Statistical and Thermal Physics with computer applications, Harvey Gould and Jan Tob:i
Princeton University Press, 2010.

Simulation of ODE/PDE Models with MATLAB®, OCTAVE and SCILAB: Scientific ai
Engineering Applications: A. Vande Wouwer, P. Sau€?2/. Fernandez. 2014 Springer ISBN: 97
3319067896
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3. Department Specific Electives Subjects Syllabus

1.34 DSE T1- Advanced Mathematical Physics |

Advanced Mathematical Physicsl

60 Lectures 4 Credits

Laplace Transform

Laplace Transform (LT) oElementary functions. Properties of LTs: Change of Scale Theorem, St
Theorem. LTs of 1st and 2nd order Derivatives and Integrals of Functions, Derivatives and Integrals
LT of Unit Step function, Dirac Delta function, Periodic Functions. Cartian Theorem. Inverse LT
Application of Laplace Transforms to 2nd order Differential Equations: Damped Harmonic Oscillator, :
Electrical Circuits, Coupled differential equations of 1st order. Solution of heat flow along infinite bar

Laplace tansform.

Linear Vector Spaces

Abstract Systems. Binary Operations and Relations. Introduction to Groups and Fields. Vector Sp
Subspaces. Linear Independence and Dependence of Vectors. Basis and Dimensions of a Vect
Change of basisHomomorphism and Isomorphism of Vector Spaces. Linear Transformations. Alge
Linear Transformations. Nesingular Transformations. Representation of Linear Transformation:

Matrices.

Inner products. Grarschmidt orthogonalization. Orthogonal andtany transformations and their matr

representations.
Cartesian Tensors

Transformation of Cor di nat es. Einsteinbs Summation Cor
Tensors. Algebra of Tensors. Sum, Difference and Product of Two Tensors. Contraction. Quotient
Tensors. Symmetric and Anatsymmetric Tensors. Inviant Tensors: Kronecker and Alternating Tensc
Association of Antisymmetric Tensor of Order Two and Vectors. Vector Algebra and Calculus using C
Tensors: Scalar and Vector Products, Scalar and Vector Triple Products. Differentiation. Gradiegenoe
and Curl of Tensor Fields. Vector Identities. Tensorial Formulation of Analytical Solid Geometry: Equa
a Line. Angle Between Lines. Projection of a Line on another Line. Condition for Two Lines to be Co
Foot of the Perpendicular from Point on a Line. Rotation Tensor (No Derivation). Isotropic Tens
Tensorial Character of Physical Quantities. Moment of Inertia Tensor. Stress and Strain Tensors: S
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Nature. Elasticity Tensor. Generalized Hookebd

General Tensors

Transfaomation of Ceordinates. Minkowski Space. Contravariant & Covariant Vectors. Contrava
Covariant and Mixed Tensors. Kronecker Delta and Permutation Tensors. Algebra of Tensor:
Difference & Product of Two Tensors. Contraction. Quotient Law o631 Symmetric and Arlymmetric

Tensors. Metric Tensor.

Reference Books
Mathematical Tools for Physics, James Nearing, 2010, Dover Publications
Mathematical Methods for Physicists, G.B. Arfken, H.J. Weber, and F.E. Harris, 1970, Elsevie
MathematicaMethods. S. Hassani, 2009, Springer Science.
Modern Mathematical Methods for Physicists and Engineers, C.D. Cantrell, 2011, Carr
University Press
Introduction to Matrices and Linear Transformations, D.T. Finkbeiner, 1978, Dover Pub.
Linear Algebra, WCheney, E.W.Cheney & D.R.Kincaid, 2012, Jones & Bartlett Learning
Mathematics for Physicists, Susan M. Lea, 2004, Thomson Brooks/Cole
A Basic Course of Tensor Analysis. S. Mukhopadhyay, 2017, Academic Publishers.
Matrices and Tensors. A. W. Joshi,
Mathamatical Methods for Physicis & Engineers, K.F.Riley, M.P.Hobson, S.J.Bence, 3rd Ed.,

Cambridge University Press
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1.35 DSE P1i Advanced Mathematical Physics | Lab

Advanced Mathematical Physics |

60 Class Hours 2 Credits

List of Practical

1. Linearalgebra:
a. Multiplication of two 3 x 3 matrices.
b. Eigenvalue and eigenvectors of

2 11 1 —i 3+4i 2 -1 2
(1 3 2):( +i 2 4 );(—I—i 4 3)
31 4 3—4i 4 3 -2i 3 5

Orthogonal polynomials as eigen functions of Hermitian differential operators.

Determination of the principal axes of moment of inertia through diagonalization.

Vector space ofwave functions in Quantum Mechanics: Position and momentum differe
operators and their commutator, wave functions for stationary states as eigenfunctions of Hi
differential operator.

Lagrangian formulation in Classical Mechanics with constsain

Study of geodesics in Euclidean and other spaces (surface of a sphere, etc).

Estimation of ground state energy and wave function of a quantum system.

Reference Books

Simulation of ODE/PDE Models with MATLAB®, OCTAVE and SCILAB: Scientific al
Engineering Applications: A. Vande Wouwer, P. Saucez, C. V. Fernandez. 2014 Springer ISB
3319067896
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1.36 DSE T2- Advanced Mathematical Physics Il

Advanced Mathematical Physicsl|

75 Lectures 6 Credits

Partial Differential Equations: 20 Lectures

Existence and uniqueness theorem for soutions of partial differential equations (PDE). Categoris

PDE&6s. Solution method for one homogeneous ex

I nhomogeneous PDE. Greends functionSoGenémal

equation by Greendés function method.

Group Theory 30 Lectures

Review of sets, Mapping and Binary Operations, Relation, Types of Relations.

Groups: Elementary properties of groups, uniqueness of solution, Subgroup, Centre of &gpsmip,of a
subgroup, cyclic group, Permutation/Transformation. Homomorphism and Isomorphism of group.

and conjugate subgroups, Completeness and Kernel.

Some special groups with operators. Matrix Representations: Reducible and Irreducible tamese

Schur s | emma. Orthogonality theor ems. Charac

Continuousgroups Generator of Lie group. Rotation group and angular momentum as its gen
Homomorphism between SO(3) and SU(2).

Advanced Probability Theory: 25 Lectures

Fundament al Probability Theor ems. Conditional
Multinomial expansions. Random Variables and probability distributions, Expectation and Variance,
Probability distributions: The binomial digtution, ThePoisson distribution, Continuous distribution: Tl

Gaussian (or normal) distribution, The principle of least squares.

Reference Books
Lectures on Partial Differential Equation. V.I. Arnold, 2004, Sprir\griag.
Mathematical Methods fdPhysicists: Weber and Arfken, 2005, Academic Press.
Mathematical Methods. S. Hassani, 2009, Springer Science.
Mathematical Methods for Physicists: A Concise Introduction: Tai L. Chow, 2000, Cambridge
Press.
Elements of Group Theory for PhysicistsAy. Joshi, 1997, John Wiley.
Group Theory. P. Ramond, 2010, Chambrdge Univerity Press.



Page

Group Theory and its Applications to Physical Problems by Morton Hamermesh, 1989, Dover
Introduction to Mathematical Physics: Methods & Concepts: Chun Wa Wong, 204@rdC
University Press

Introduction to Mathematical Probability, J. V. Uspensky, 1937, Mc Gt

1.37 DSE T3i Advanced Dynamics

Advanced Dynamics

75 Lectures 6 Credits

Lagrangian & Hamiltonian Dynamics 15 Lectures

Lagrangeds e qu awith semihoforiomic dorfsteaints aEvaduation of constraint forces

general. Simple problems with both tidependent and time independent constraints.

Idea of canonical transformations. Generating functions. Properties of canonical transformatiandee
Poi sson bracket. Use of canonical transf or me

problem as test case.
Rigid Body Mechanics 10 Lectures

Definition of rigid body. General motion as combination of translation and rota®iatation of rigid body
and the relation between its angular momentum and angular velocity. Moment of inertia and prc
inertia. Kinetic energy of rotation. Principal axis transformation and principal moments of inertia, appl

in simple cases. Ber equations for free top and their solutions describing the motion of symmetric bod
Small Amplitude Oscillations 10 Lectures

Minima of potential energy and points of stable equilibrium, expansion of the potential energy ar
minimum, smallamplitude oscillations about the minimum, normal modes of oscillations example
identical masses connected in a linear fashion td JNidentical springs.

Dynamical Systems 25 Lectures

Definition of a continuous dynamical system. The idea of phase space, flows and trajectories. Autc
and norautonomous systems, dimensionality. Linear stability analysis to study the behaviour -of

dimensional autonomous system. lllustration kg tethod using the single particle system describe
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v=f(x) and comparing it with the exact analytical solution. Extension of the method for simple mecl
systems as-8imensional dynamical systems, categorisation of equilibrium/fixed pointstrations for the
free particle, particle under uniform gravity, simple and damped harmonic oscillator (botkdantszd anc
overdamped). Sketching flows and trajectories in phase space; sketching variables as functions
relating the equations drpictures to the underlying physical intuition. Study on the behaviour of the q
oscillator with an attractive or repulsive quadratic term in the potential; idea of bifurcation. Phast
diagram for the general motion of a pendulum and its belawOscillator with noHdinear damping, Van

der-Pol oscillator as the example, behaviour in latgepinglimit, idea of limit cycle.

Discrete time dynamical systems, examples. Description by iterative map. Logistic map: Dynamit
time series. Cobwe iteration (using calculator or simple programs only). Fixed points. Paral

dependencesteady, periodic and chaos states. ldea of chaos and Lyapunov exponent.
Fluid Dynamics 15 Lectures

Basic physics of fluids: The continuum hypothesisncept offluid element or fluid parcel; Definition of i
fluid- shear stress; Fluid propertiegscosity, thermal conductivity, mass diffusivity, other fluid proper
and equation of state; Flow phenomeflaw dimensionality, steady and unsteady flows, unifénmon-
uniform flows, viscous & inviscid flows, incompressible & compressible flows, laminar and turbulent
rotational and irrotational flows. Euler equation and Na@tokes equation, qualitative description

turbulence, Reynolds number.

Reference Books
Classical Mechanics, H.Goldstein, C.P. Poole, J.L. Safko, 3rd Edn. 2002, Pearson Education
Classical Mechanics: A Course of Lectures. A.K. Raychaudhuri, 1983, Oxford University Pres
Mechanics, L. D. Landau and E. M. Lifshitz, 19P&rgamon.
Classical Mechanics, P.S. Joag, N.C. Rana, 1st Edn., McGraw Hall.
Classical Mechanics, R. Douglas Gregory, 2015, Cambridge University Press.
Classical Mechanics: An introduction, Dieter Strauch, 2009, Springer.
Chaos and Natinear Dynamics. R.CHilborn, 2000, Oxford Univ. Press.
Nonlinear Dynamics ahChaos.S.HStrogartz.

Solved Problems in classical Mechanics, O.L. Delange and J. Pierrus, 2010, Oxford Press
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1.38 DSE T4- Nuclear and Particle Physics

Nuclear and Particle Physics

75 Lectures 6 Credits

General Properties of Nuclei 10 Lectures

Constituents of nucleus and their Intrinsic properties, quantitative facts about mass, radii, charge
(matter density), binding energy, average binding energy and its variatiomasthnumber, main features
binding energy versus mass number curve, N/A plot, angular momentum, parity, magnetic moment,

moments, nuclear excites states.
Nuclear Models 12 Lectures

Liquid drop model approach, semi empirical mass formulasagrdficance of its various terms, condition
nuclear stability, two nucleon separation energies, Fermi gas model (degenerate fermion gas,
symmetry potential in Fermi gas), evidence for nuclear shell structure, nuclear magic number:
assumgpon of shell model, concept of mean field, residual interaction, concept of nuclear force.

Radioactivity decay 10 Lectures

(a) Al pha dedagay bpsocess-odnd fsti haor \GambowUf act
decay spectroscopy. (b)-decay: energy kinematics for [I-decay, positron emission, electron captt

neutrino hypothesis. (c) Gamma decay: Gamma rays emission & kinematics, internal conversion.
Nuclear Reactions 8 Lectures

Types of Reactions, Conservation Laws, kinematicgeafktions, @alue, reaction rate, reaction cro
section, Concept of compound and direct Reaction, resonance reaction, Coulomb scattering (Ri

scattering).
Interaction of Nuclear Radiation with matter 8 Lectures

Energy loss due to ionizatigiBethe Block formula), energy loss of electrons, Cerenkov radiation. Gal
ray interaction through matter, photoelectric effect, Compton scattering, pair production, neutron int

with matter.

Detector for Nuclear Radiations 8 Lectures
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Gasdetectors: estimation of electric field, mobility of particle, for ionization chamber and GM Counter.
principle of Scintillation Detectors and construction of phmtatiplier tube (PMT). Semiconductc
Detectors (Si and Ge) for charge particle andt@h detection (concept of charge carrier and mobili

neutron detector.

Particle Accelerators 5 Lectures

Accelerator facility available in India: Vatle Graaff generator (Tandem accelerator), Linear accelel

Cyclotron, Synchrotrons.
Particle physics 14 Lectures

Particle interactions; basic features, types of particles and its families. Symmetries and Conservatic
energy and momentum, angular momentum, parity, baryon number, Lepton number, Isospin, Strange

charm, concept of quamodel, color quantum number and gluons.

Reference Books
Nuclear Physics. J.S. Lilley, 2001, John Wiley & Sons.
Nuclear and Particle Physid3.R. Martin, 2006, John Wiley & Sons.
Nuclear and Particle Physics, W.F. Burcham and M. Jobes, 1995, Pearson.
An Introduction to Nuclear Physics. W. N. Cottingham and D.A. Greenwood, 2004, Chambrid
Introductory nuclear Physics by Kenneth S. Krane (Wiley India Pvt. Ltd., 2008).
Concepts of nuclear physics by Bernard L. Cohen. (Tata Mcgraw Hill, 1998).
Introductin to the physics of nuclei & particles, R.A. Dunlap. (Thomson Asia, 2004).
Introduction to High Energy Physics, D.H. Perkins, Cambridge Univ. Press
Introduction to Elementary Particles, D. Griffith, John Wiley & Sons
Quarks and Leptons, F. Halzen and AMIartin, Wiley India, New Delhi
Basic ideas and concepts in Nuclear Physiés Introductory Approach by
K. Heyde (IOPR Institute of Physics Publishing, 2004).
Radiation detection and measurement, G.F. Knoll (John Wiley & Sons, 2000).
Physics ad Engineering of Radiation Detection, Syed Naeem Ahmed (Academic Press, El
2007).
Theoretical Nuclear Physics, J.M. Blatt & V.F.Weisskopf (Dover Pub.Inc., 1991)
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1.39 DSE T6- Astronomy and Astrophysics

Astronomy and Astrophysics

75 Lectures 6 Credits

Astronomical Scales 24 Lectures

Astronomical Distance, Mass and Time, Scales, Brightness, Radiant Flux and Luminosity, Measure
Astronomical Quantities Astronomical Distances, Stellar Radii, Masses of Stars, Stellar Temperatur
concepts of positional astronomy: Celestial Sphere, Geometry of a Sphere, Spherical

Astronomical Coordinate Systems, Geographical Coordinate Systems, Horizon System, Equatorial
Diurnal Motion of the Stars, Conversion of CoordegmtMeasurement of Time, Sidereal Time, Appal
Solar Time, Mean Solar Time, Equation of Time, Calendar. Basic Parameters of Stars: Determin
Distance by Parallax Method; Brightness, Radiant Flux and Luminosity, Apparent and Absolute ma
scak, Distance Modulus; Determination of Temperature and Radius of a star; Determination of Mass

Binary orbits; Stellar Spectral Classification, Hertzspr&Rugsell Diagram.

Astronomical techniques 5 Lectures

Basic Optical Definitions for Astronomy(Magnification Light Gathering Power, Resolving Power ¢
Diffraction Limit, Atmospheric Windows), Optical Telescopes (Types of Reflecting Telescopes, Tele
Mountings, Space Telescopes, Detectors and Their Use with Telescopes (Types of Deteatiios, ldetés

with Telescopes)

Physical principles 4 Lectures

Gravitation in Astrophysics (Virial Theorem, Newton versus Einstein), Systems in Thermody

Equilibrium.

The sun and solar family 11 Lectures

The sun (Solar Parameters, Solar Photospl&okr Atmosphere, Chromosphere. Corona, Solar Acti
Basics of Solar Magnetoydrodynamics. Helioseismology). The solar family (Solar System: Facts
Figures, Origin of the Solar System: The Nebular Model, Tidal Forces and Planetary RingsSdati
Planets.

Stellar spectra and classification Structure (Atomic Spectra Revisited, Stellar Spectra, Spectral Ty

Their Temperature Dependence, Black Body Approximation, H R Diagram, Luminosity Classification)
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sequence, red giants and whidtearfs, Chandrashekhar mass limit.

The milky way 14 Lectures

Basic Structure and Properties of the Milky Way, Nature of Rotation of the Milky Way (Differential Ro
of the Galaxy and Oort Constant, Rotation Curve of the Galaxy and the Dark Nigttere of the Spira
Arms), Stars and Star Clusters of the Milky Way, Properties of and around the Galactic Nucleus.

Galaxies 7 Lectures

Gal axy Mor phol ogy, Hubbl ebs Classification (
Elliptical, deVaucouleurs Law, Stars and Gas). Spiral and Lenticular Galaxies (Bulges, Disks, Galacti

The Milky Way Galaxy, Gas and Dust in the Galaxy, Spiral Arms
Large scale structure & expanding universe 10 Lectures

Cosmic Distance Ladder (An Example fromerrestrial Physics, Distance Measurement using Ceg
Vari abl es) , H u b b\leleciys Relatian)y Clgsters sft Galaxies (Virial theorem and D
Matter).

Reference Books
Astrophysicsfor Physicists. Arnab Rai Choudhuri, 2010, Chamblitdge Press.
Fundamental of Astronomy (Fourth Edition), H. Karttunen et al. Springer
Modern Astrophysics, B.W. Carroll & D.A. Ostlie, Addisdvesley Publishing Co.
Introductory Astronomy and Astrophysics, M. Zeilik and S.A. GregBrEdition, Saunders Qlege
Publishing.
The physical universe: An introduction to astronomy, F.Shu, Mill Valley: University Science Bc
K. S. Krishnasamy, 6Astro Physics a moderr
New Delhi,2002.
Bai dyanat hi nBtarsouducGdAmn to Astr o ph-yHal a thdia
Private limited, New Delhi, 2001.
Textbook of Astronomy and Astrophysics with elements of cosmology, V.B. Bhatia, M
Publication
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1.40 DSE T11- Communication Electronics

Communication Electronics

60 Lectures 4 Credits

Electronic communication 8 Lectures

Introduction to communicatioii means and modes. Need for modulation. Block diagram of an elec
communication system. Brief idea of frequeratipcation for radio communication system in India (TRA
Electromagnetic communication spectrum, band designations and usage. Channels -haddoagmals.

Concept of Noise, signdb-noise (S/N) ratio.
Analog Modulation 12 Lectures

Amplitude Modulation, modulation index and frequency spectrum. Generation of AM (Emitter Module
Amplitude Demodulation (diode detector), Concept of Single side band generation and detection. Fr
Modulation (FM) and Phase Modulation (PM), modulation #dend frequency spectrum, equivaler
between FM and PM, Generation of FM using VCO, FM detector (slope detector), Qualitative idea ¢

heterodyne receiver
Analog Pulse Modulation 10 Lectures

Channel capacity, Sampling theorem, Basic PrincipsM, PWM, PPM, modulation and detectic
technique for PAM only, Multiplexing.

Digital Pulse Modulation 10 Lectures

Need for digital transmission, Pulse Code Modulation, Digital Carrier Modulation Techniques, Sar
Quantization and Encoding. Concegft Amplitude Shift Keying (ASK), Frequency Shift Keying (FSk
Phase Shift Keying (PSK), and Binary Phase Shift Keying (BPSK).

Introduction to Communication and Navigation systems: 10 Lectures

Satellite Communication Introduction, need, Geosynchronous satellite orbits geostationary si
advantages of geostationary satellites. Satellite visibility, transponderBg@ad), path loss, ground statio

simplified block diagram ofarth station. Uplink and downlink.
Mobile Telephony System: 10 Lectures

Mobile Telephony Systeni Basic concept of mobile communication, frequency bands used in
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communication, concept of cell sectoring and cell splitting, SIM number, IMEI numbked for date
encryption, architecture (block diagram) of mobile communication network, idea of GSM, CDMA, T
and FDMA technologies, simplified block diagram of mobile phone handset, 2G, 3G and 4G cc

(qualitative only).

GPS navigation system (qitative idea only)

Reference Books
Electronic Communications, D. Roddy and J. Coolen, Pearson Education India.
Advanced Electronics Communication Systeif@masi, 6th edition, Prentice Hall.
Electronic Communication systems, G. Kennedy, 3rd Edn, 188,McGraw Hill.
Principles of Electronic communication systeimisrenzel, 3rd edition, McGraw Hill
Communication Systems, S. Haykin, 2006, Wiley India
Electronic Communication system, Blake, Cengage, 5th edition.

Wireless communications, Andrea Goldsm015, Cambridge University Press
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1.41 DSE P11i Communication Electronics Lab

Communication Electronics Lab

60 Class Hours 2 Credits

List of Practical

1. To design an Amplitude Modulator using Transistor
To study envelope detector for demodulation of silghal
To study FM- Generator and Detector circuit

To study AM Transmitter and Receiver

To study FM Transmitter and Receiver

To study Time Division Multiplexing (TDM)

To study Pulse Amplitude Modulation (PAM)

To study Pulse Width Modulation (PWM)

To study Pulse Position Modulation (PPM)

10. To study ASK, PSK and FSK modulators

© ® N o g w D

Reference Books

Electronic Communication systems, G. Kennedy, 1999, Tata McGraw Hill.

Electronic Communication system, Blake, Cengage, 5th edition.
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2 Skill Enhancement Course

2.1SECT1 1 Physics Workshop Skill

Physics Workshop Skill

30 class hours 2 Credits

Introduction

Measuring units: conversion to Sl and CGS. Familiarization with meter scale, Vernier calliper, Screv
and their utility. Measure the dimension of a sdildck, volume of cylindrical beaker/glass, diameter c

thin wire, thickness of metal sheet, etc. Use of Sextant to measure height of buildings, mountains, etc
Mechanical Skill

Concept of workshop practice. Overview of manufacturing methods: cagiingdrf, machining, forming
and welding. Types of welding joints and welding defects. Common materials used for manufactur
steel, copper, iron, metal sheets, composites and alloy, wood. Concept of machine processing, introc
common machineobls like lathe, shaper, drilling, milling and surface machines. Cutting tools, lubric
oils. Cutting of a metal sheet using blade. Smoothening of cutting edge of sheet using file. Drilling of |
different diameter in metal sheet and wooden blad¢ke of bench vice and tools for fitting. Make funi

using metal sheet.
Electrical and Electronic Skill

Use of Multimeter. Soldering of electrical circuits having discrete components (R, L, C, diode) and
PCB. Operation of oscilloscope. Makimggulated power supply. Timer circuit, Electronic switch us

transistor and relay.
Introduction to prime movers

Mechanism, gear system, wheel, Fixing of gears with motor axel. Lever mechanism, Lifting of heavy
using lever. Braking systems, pule working principle of power generation systems. Demonstratio

pulley experiment.

Reference Books

A text book in Electrical TechnologyB L Therajai S. Chand and Company.
Performance and design of AC machiinéd.G. Say, ELBS Edn.
Mechanicaworkshop practice, K.C. John, 2010, PHI Learning Pvt. Ltd.
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Workshop Processes, Practices and Materials, Bruce J Black 2005, 3rd Edn., Editor Newne!
0750660732]

New Engineering  Technology, Lawrence Smyth/Liam Hennessy,The
Educational Company of Iraéhd [ISBN: 0861674480]
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2.2 SEC T2- Computational Physics

Computational Physics

30 class hours 2 Credits

Introduction

Importance of computers in Physics, paradigm for solving physics problems for solution. Usage of lint
Editor. Algorithmsand Flowcharts: Algorithm: Definition, properties and development. Flowchart: Col
of flowchart, symbols, guidelines, types. Examples: Cartesian to Spherical Polar Coordinates, F
Quadratic Equation, Sum of two matrices, Sum and Product of a $igites, calculation of sin(x) as a seri
algorithm for plotting (1) lissajous figures and (2) trajectory of a projectile thrown at an angle wi

horizontal.
Scientific Programming

Some fundamental Linux Commands (Internal and External commadpeiglopment of FORTRAN/ C++
Basic elements of FORTRAN 90/95 or C++: Character Set, Constants and their types, Variables ¢
types, Keywords, Variable Declaration and concept of instruction and program. Operators: Aritl
Relational, Logical and\ssignment Operators. Expressions: Arithmetic, Relational, Logical, Characte
Assignment Expressions. Fortran Statements: I/O Statements (unformatted/formatted), Executable i
Executable Statements, Layout of Fortran 90/95 or C++ Program, Fdrmstiiog Program and concept ¢

coding, Initialization and Replacement Logic. Examples from physics problems.

Control Statements

Types of Logic (Sequential, Selection, Repetition), Branching Statements, Looping Statements, .
StatementsSubscripted Variables (Arrays: Types of Arrays, DIMENSION Statement, Reading and V
Arrays), Functions and Subroutines (Arithmetic Statement Function, Function Subprogram and Sub
RETURN, CALL, COMMON and EQUIVALENCE Statements), StructureslOi/O Statements, open a fil

writing in a file, reading from a file. Examples from physics problems.
Programming

Exercises on syntax on usage of FORTRAN 90/95 or C++

2. Usage of GUI Windows, Linux Commands, familiarity with DOS commands and working
editor to write sources codes in FORTRAN 90/95 or C++.
To print out all natural even/ odd numbers between given limits.

To find maximum, minimum and range of a given set of numbers.
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5. Calculating Euler number using exp(x) series evaluated at x=1

Scientific word processing: Introduction to LaTeX

TeX/LaTeX word processor, preparing a basic LaTeX file, Document classes, Preparing an input
LaTeX, Compiling LaTeX File, LaTeX tags for creating different environments, Defining LaTeX comn
and environments, Changing the type style, Symbols from other languages. Equation represe
Formulae and equations, Figures and other floating bodies, Lining in celufabbing and tabula
environment, Generating table of contents, bibliography antlotitaMaking an index and glossary, Li

making environments, Fonts, Picture environment and colors, errors.

Visualization

Introduction to graphical analysis and its limitations. Introduction to Gnuplot. importance of visualiza
computational and anputational data, basic Gnuplot commands: simple plots, plotting data from .
saving and exporting, multiple data sets per file, physics with Gnuplot (equations, building functior

defined variables and functions), Understanding data with @hupl

Hands on exercises

To compile a frequency distribution and evaluate mean, standard deviation etc.
To evaluate sum of finite series and the area under a curve.

To find the product of two matrices

To find a set of prime numbers and Fibonacci series.

To write program to open a file and generate data for plotting using Gnuplot.
Plotting trajectory of a projectile projected horizontally.

Plotting trajectory of a projectile projected making an angle with the horizontally.

© N o g bk~ w D

Creating an input Gnuplot file forlgiting a data and saving the output for seeing on the sc
Saving it as an eps file and as a pdf file.

9. To find the roots of a quadratic equation.

10. Motion of a projectile using simulation and plot the output for visualization.

11. Numerical solution of equimin of motion of simple harmonic oscillator and plot the outputs
visualization.

12. Motion of particle in a central force field and plot the output for visualization.

Reference Books
Introduction to Numerical Analysis, S.S. Sastry, 5th Edn., 2012 Batining Pvt. Ltd.
Computer Programming in Fortran 770. V. R
LaTeXi A Document Preparati on Syst emo-
Wesley, 1994).
Gnuplot in action: understanding data with graphs, Philipeda(Manning 2010)

Schaumobs Outline of Theory and Probl
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Poe, 1986MeGraw Hill Book Co.

Computational Physics: An Introduction, R.C. Verma, et al. New Age International Publisher:
Delhi(1999)

A first course in Numerical Methods, U.M. Ascher and C. Greif, 2012, PHI Learning
Elementary Numerical Analysis, K.E. Atkinson, 3 rd Edn., 2007, Wiley India Edition.
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2.3SEC T3i1 Electrical Circuits and Network Skills

Electrical Circuits and Network Skills

30 class hours 2 Credits

Basic Electricity Principles

Voltage, Current, Resistance, and Power. Ohm's law. Series, parallel, angpaeilet combinations. AC

Electricity and DC Electricity. Familiarization with multimeter, voltmeter anuneter.

Understanding Electrical Circuits

Main electric circuit elements and their combination. Rules to analyze DC sourced electrical circuits.
and voltage drop across the DC circuit elements. Sipiggse and thregghase alternating currentisces.
Rules to analyze AC sourced electrical circuits. Real, imaginary and complex power components

source. Power factor. Saving energy and money.

Electrical Drawing and Symbols

Drawing symbols. Blueprints. Reading Schematics. Ladder diagiergrical Schematics. Power circuit
Control circuits. Reading of circuit schematics. Tracking the connections of elements and identify

flow and voltage drop.

Generators and Transformers

DC Power sources. AC/DC generators. Inductance, capeejtand impedance. Operation of transformer:
Electric Motors

Singlephase, threphase & DC motors. Basic design. Interfacing DC or AC sources to control hea

motors. Speed & power of ac motor
Solid-State Devices

Resistors, inductors anchpacitors. Diode and rectifiers. Components in Series or in shunt. Respo

inductors and capacitors with DC or AC sources
Electrical Protection

Relays. Fuses and disconnect switches. Circuit breakers. Overload devices. -f@ottunmiotection.

Grourding and isolating. Phase reversal. Surge protection. Interfacing DC or AC sources to control €
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(relay protection device)
Electrical Wiring

Different types of conductors and cables. Basics of wiitay and delta connection. Voltage drop bsdes
across cables and conductors. Instruments to measure current, voltage, power in DC and AC
Insulation. Solid and stranded cable. Conduit. Cable trays. Splices: wirenuts, crimps, terminal bloc

bolts, and solder. Preparation of exdgiem board.

Reference Books

A text book in Electrical TechnologyB L Theraja- S Chand & Co.
A text book of Electrical TechnologyA K Theraja
Performance and design of AC machinés G Say ELBS Edn.



Page

2.4 SEC T4- Basic Instrumentation Skills

Basic of Measurement

30 class hours 2 Credits

Basic of Measurement

Instruments accuracy, precision, sensitivity, resolution range etc. Errors in measurements and loadin
Multimeter: Principles of measurement of dc voltage and dc currenpleage, ac current and resistan:
Specifications of a multimeter and their significance.

Electronic Voltmeter

Advantage over conventional multimeter for voltage measurement with respect to input impedal
sensitivity. Principles of voltage, measmrent (block diagram only). Specifications of an electrc
Voltmeter/ Multimeter and their significance. AC millivoltmeter: Type of AC millivoltmeters: Ampfif

rectifier, and rectifieramplifier. Block diagram ac millivoltmeter, specifications andrtkggnificance.
Cathode Ray Oscilloscope

Block diagram of basic CRO. Construction of CRT, Electron gun, electrostatic focusing and acce
(Explanation only no mathematical treatment), brief discussion on screen phosphor, péssistence
& chemical composition. Time base operation, synchronization. Front panel controls. Specificatio

CRO and their significance.

Use of CRO for the measurement of voltage (dc and ac frequency, time period. Special features of d
introduction to digital oscilloscope, probes. Digital storage Oscilloscope: Block diagram and princ
working.

Signal Generators and Analysis Instruments

Block diagram, explanation and specifications of low frequency signal generators. Pulse geaet
function generator. Brief idea for testing, specifications. Distortion factor meter, wave analysis.

Impedance Bridges & QMeters

Block diagram of bridge: working principles of basic (balancing type) RLC bridge. Specifications of
bridge. Blockdiagram & working principles of a-QMeter. Digital LCR bridges.

Digital Instruments
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Principle and working of digital meters. Comparison of analog & digital instruments. Characteristic

digital meter. Working principles of digital voltmeter.

Digital Multimeter

Block diagram and working of a digital multimeter. Working principle of time interval, frequency and

measurement using universal counter/ frequency counter,lise stability, accuracy and resolution.

The test of lab skills will beof the following test items:

© © N o g~ w DR

Use of an oscilloscope.

CRO as a versatile measuring device.

Circuit tracing of Laboratory electronic equipment,

Use of Digital multimeter/VTVM for measuring voltages
Circuit tracing of Laboratory electronic equipment,
Winding a coil / transformer.

Study the layout of receiver circuit.

Trouble shooting a circuit

Balancing of bridges

Laboratory Exercises

© N o s~ WD

To observe the loading effect of a multimeter while measuring voltage across a low resistal
high resistance.

To observe the limitations of a multimeter for measuring high frequency voltage and currents.
To measure Q of a coil and its dependence on frequency, usingnet€).

Measurement of voltage, frequency, time period and phase angle using CRO.

Measurement ofhe period, frequency, average period using universal counter/ frequency cot
Measurement of rise, fall and delay times using a CRO.

Measurement of distortion of a RF signal generator using distortion factor meter.
Measurement of R, L and C using a L&RJge/ universal bridge.

Open Ended Experiments

1.
2.

Using a Dual Trace Oscilloscope
Converting the range of a given measuring instrument (voltmeter, ammeter)

Reference Books

A text book in Electrical TechnologyB L Theraja- S Chand and Co.
Performancend design of AC machined G Say ELBS Edn.
Digital Circuits and systems, Venugopal, 2011, Tata McGraw Hill.
Logic circuit design, Shimon P. Vingron, 2012, Springer.
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Digital Electronics, Subrata Ghoshal, 2012, Cengage Learning.

Electronic Devices andrauits, S. Salivahanan & N. S.Kumar, 3rd Ed., 2012, TateGvéw Hill
Electronic circuits: Handbook of design and applications, U.Tietze, Ch.Schenk, 2008, Springe
Electronic Devices, 7/e Thomas L. Floyd, 2008, Pearson India
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2.5SEC T51 Renewable Energyand Energy Harvesting

Renewable Energy and Energy Harvesting

30 class hours 2 Credits

Fossil fuels and Alternate Sources of energy

Fossil fuels and nuclear energy, their limitation, need of renewableenergy, non-conventional energy
sources An overview of developmentsin Offshore Wind Energy, Tidal Energy, Wave energy systems,
Ocean Thermal Energy Conversion, solar energy, biomass, biochemical conversion,biogas generation,

geothermalenergytidal energy,Hydroelectricity.

Solar energy

Solar energy, its importance, storage of solar energy, solar pone;amwective solar pond, applications
solar pond and solar energy, solar water heater, flat plate collector, solar distillation, solar cooker, so
houses, solar cell, absorption awmnditioning. Need and characteristics of photovoltaic (PV) systems

models and equivalent circuits, and sun tracking systems.

Wind Energy harvesting

Fundamentals of Wind energy, Wind Turbines and different electrical machines in wind turbines,

electronic interfaces, and grid interconnection topologies.

Ocean Energy

Ocean Energy Potential against Wind and Solar, Wave Characteristics and Statistics, Wave Energy De

Tide characteristics and Statistics, Tide Energy Technologies, Ocean Therngy, Osmotic Power, Oce:

Bio-mass.

Geothermal Energy

Geothermal Resources, Geothermal Technologies

Hydro Energy

Hydropower resources, hydropower technologies, environmental impact of hydro power sources.

Piezoelectric Energy harvesting
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Introduction, Physics and characteristics of piezoelectric effect, materials and mathematical de
of piezoelectricity, Piezoelectric parameters and modeling piezoelectric generators, Piezoelectric
harvesting applications, Humaower

Electromagnetic Energy Harvesting

1. Linear generators, physics mathematical models, recent applications
2. Carbon captured technologies, cell, batteries, power consumption

3. Environmental issues and Renewable sources of energy, sustainability.

Demonstrations and Experiments

1. Demonstration of Training modules on Solar energy, wind energy, etc.
2. Conversion of vibration to voltage using piezoelectric materials

3. Conversion of thermal energy into voltage using thermoelectric modules.

Reference Books

Non-conventional energy source§.D Rai- Khanna Publishers, New Delhi

Solar energy M P Agarwal- S Chand and Co. Ltd.

Solar energy Suhas P Sukhative Tata McGrawill Publishing Company Ltd.

Godfrey Boyl e, AfRenewahlneabl Enerfaqyt,ur ePgw
Press, in association with The Open University.

Dr. P Jayakumar, Solar Energy: Resource Assesment Handbook, 2009

J.Balfour, M.Shaw and S. Jarosek, Photovoltaics, Lawrence J Goodrich (USA).

http://en.wikipedia.orgliki/Renewable_energy
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2.6 SEC T6- Technical Drawing

Technical Drawing

30 class hours 2 Credits

Introduction

Drafting Instruments and their uses.

Lettering: construction and uses of various scales: dimensioning as per |.SLBBO&Engineerin@urves:
Parabola: hyperbola: ellipse: cycloids, involute: spiral: helix and loci of points of simple m

mechanism.2D geometrical construction. Representation of 3D objects. Principles of projections.

Projections

Straight lines, planes and solids. Bmpment of surfaces of right and oblique solids. Section of solids.
Object Projections

Orthographic projection. Interpenetration and intersection of solids. Isometric and oblique parallel pr

of solids

CAD Drawing

Introduction to CAD and Aut&€€AD or equivalent precision drawing and drawing aids, Geometric sha
Demonstrating CABspecific skills (graphical user interface. Create, retrieve, edit, and use symbol lib
Use inquiry commands to extradtawing data). Control entity propedieDemonstrating basic skills 1
produce 2D and 3Ddrawings. 3D modeling with Auto CADr equivalent(surfaces and solids), 3l
modeling with sketch up, annotating in Auto CAQ equivalentwith text and hatching, layers, templates
design center, advaad plotting (layouts, viewports), office standards, dimensioning, internet
collaboration, Blocks, Drafting symbols, attributes, extracting data. basic printing, editing tools, Pl¢

drawing to appropriate scale.

Reference Books
K. Venugopaland V. Raja Prabhu. Engineering Graphic, New Age International
AutoCAD 2014 & AutoCAD 2014/Donnie Gladfelter/Sybex/ISBN:9%8185751069
Architectural Design with Sketchup/Alexander Schreyer/John Wiley & Sons/ISBN:1-9718
123096
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2.7 SEC T71 Radiation Safety

Radiation Safety

30 class hours 2 Credits

Basics of Atomic and Nuclear Physics

Basic concept of atomic structure; X rays characteristic and production; concept of bremsstrahlung a
electron, The composition of nucleus and its properties, mass number, isotopes of element, spin
energy, stable and unstable isotopes,davadioactive decay, Mean life and ki€, basic concept of alphe
beta and gamma decay, concept of cross section and kinematics of nuclear reactions, types ¢

reaction, Fusion, fission.
Interaction of Radiation with matter: Types of Radiation

Alpha, Beta, Gamma and Neutron and their sources, sealed and unsealed sources, Interaction of
Phote electric effect, Compton Scattering, Pair Production, Linear and Mass Attenuation Coeffi
Interaction of Charged Particles: Heavy gt particles Beth-Bloch Formula, Scaling laws, Mass Stoppi
Power, Range, Straggling, Channeling and Cherenkov radiation. Beta Pa@umlleson and Radiation los:

(Bremsstrahlung), Interaction of Neutret@ollision, slowing down and Moderation.
Radiation detection and monitoring devices: Radiation Quantities and Units

Basic idea of different units of activity, KERMA, exposure, absorbed dose, equivalent dose, effectiv
collective equivalent dose, Annual Limit of Intake (ALI) and derived @imcentration (DAC). Radiatiol
detection: Basic concept and working principle of gas detectors (lonization Chambers, Proportional |
Multi-Wire Proportional Counters (MWPC) and Gieger Muller Counter), Scintillation Detectors (Inot

and Organic Satillators), Solid States Detectors and Neutron Detectors, Thermo luminescent Dosimel
Radiation safety management

Biological effects of ionizing radiation, Operational limits and basics of radiation hazards evaluati
control: radiation protectio standards, International Commission on Radiological Protection (I(
principles, justification, optimization, limitation, introduction of safety and risk management of radi
Nuclear waste and disposal management. Brief idea about Accelerator Suiweritical system (ADS) for

waste management.
Application of nuclear techniques

Application in medical science (e.g., MRI, PET, Projection Imaging Gamma Camera, radiation th



Page

Archaeology, Art, Crime detection, Mining and oil. Industrial Useaciftg, Gauging, Material Modificatior
Sterization, Food preservation.

Experiments

1. Study the background radiation levels using Radiation meter
Characteristics of Geiger Muller (GM) Counter:

3. Study of characteristics of GM tube and determinatioopefrating voltage and plateau length us
background radiation as source (without commercial source).
Study of counting statistics using background radiation using GM counter.
Study of radiation in various materials (e.g. KSO4 etc.). Investigatiomosdible radiation ir
different routine materials by operating GM at operating voltage.

6. Study of absorption of beta particles in Aluminum using GM counter.
Detection of U particles us.i-lfegusingspark coenterc e

Gamma spectrum of Gas Light mantle (Source of Thorium)

Reference Books

W.E. Burcham and M. Job&sNuclear and Particle Physitd.ongman (1995)

G.F.Knoll, Radiation detection and measurements

Thermoluninescense Dosimetry, Mcknlay, A.F., Bristol, Additger (Medical Physics Handbook £
wW. J. Mer edi th and J. B. Massey, AiFundament
1989.

J. R. Greening, AFundamental s of Radiati on
Adam Hilger Ltd., Bristol 981.

Practical Applications of Radioactivity and Nuclear Radiations, G.C. Lowental and P.L. .
Cambridge University Press, U.K., 2001

A. Martin and S.A. Harbisor, An Introduction to Radiation Protection, John Willey & Sons, Inc.
York, 1981.

NCRP, CRP, ICRU, IAEA, AERB Publications.

W. R. Hendee, iMedi cal R addica Publishers IRd Lorsdonc 1981,



Page

2.8 SEC T8- Applied Optics

Applied Optics

30 class hours 2 Credits

Sources and Detectors

Lasers, Spontaneous argdt i mul at ed emi ssi ons, Theory of

amplification, Characterization of laser beam;Melaser, Semiconductor lasers.
Experiments on Lasers:

1. Determination of the grating radial spacing of the Compact [@8Y) by reflection using He
Ne or solid state laser.

2. To find the width of the wire or width of the slit using diffraction pattern obtained by
Ne or solid state laser.
To find the polarization angle of laser light using polarizer amalyzer

Thermal expansion of quartz using laser
Experiments on Semiconductor Sources and Detectors

V-| characteristics of LED

Study the characteristics of solid state laser
Study the characteristics of LDR
Photovoltaic Cell

a > v N PE

Characteristics of IR sensor

Fourier Optics

Concept of Spatial frequency filtering, Fourier transforming property of a thin lens
Experiments on Fourier Optics:

1. Fourier optic and image processing
a. Optical image addition/subtraction
b. Optical image differentiation
c. Fourier optical filtering
d. Construction of an optical 4f system
2. Fourier Transform Spectroscopy
Fourier Transform Spectroscopy (FTS) is a powerful method for measuring emissio
absorption spectra, with wide application in atmospheric remote sensing, NMR spectrome

forensicscience.
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Experiment:

To study the interference pattern from a Michelson interferometer as a function of mirror sef.
in the interferometer. The resulting interferogram is the Fourier transform of the power spec
the source. Analysis oéxperimental interferograms allows one to determine the transmi

characteristics of several interference filters. Computer simulation can also be done.

Holography

Basic principle and theory: coherence, resolution, Types of holograms, white lighutiosfl hologram,

application of holography in microscopy, interferometry, and character recognition

Experiments on Holography and interferometry

o g~ w N PE

Recording and reconstructing holograms

Constructing a Michelson interferometer or a Fabry Hatetferometer
Measuring the refractive index of air

Constructing a Sagnac interferometer

Constructing a MaciZehnder interferometer

White light Hologram

Photonics: Fibre Optics

Optical fibres and their properties, Principal of light propagation thr@udibre, The numerical apertur:

Attenuation in optical fibre and attenuation limit, Single mode and multimode fibres, Fibre optic st

Fibre Bragg Grating

Experiments on Photonics: Fibre Optics

To measure the numerical aperture of an optical fibre

To study the variation of the bending loss in a multimode fibre

To determine the mode field diameter (MFD) of fundamental mode in amsiodfibre by
measurements of its far field Gaussian pattern

To measure the near field intensity profile ditme and study its refractive index profile

To determine the power loss at a splice between two multimode fibre

Reference Books

Fundamental of optics, F. A. Jenkins & H. E. White, 1981, Tata McGraw hill.

LASERS: Fundamentals & applications,Thyagrajan & A.K.Ghatak, 2010, Tata McGraw Hi
Fibre optics through experiments, M.R.Shenoy, S.K.Khijwania, et.al. 2009, Viva Books
Nonlinear Optics, Robert W. Boyd, (Chaptgr2008, Elsevier.

Optics, Karl Dieter Moller, Learning by computing wittodel examples, 2007, Springer.

Optical Systems and Processes, Joseph Shamir, 2009, PHI Learning Pvt. Ltd.
Optoelectronic Devices and Systems, S.C. Gupta, 2005, PHI Learning Pvt. Ltd.

Optical Physics, A.Lipson, S.G.Lipson, H.Lipson, 4th Edn., 1996, Cagebtithiv. Press
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2.9SEC T91 Weather Forecasting

Weather Forecasting

30 class hours 2 Credits

Introduction to atmosphere

Elementary idea of atmosphere: physical structure and composition; compositional layering
atmosphere; variation of pressumed temperature with height; air temperature; requirements to measi
temperature; temperature sensors: types; atmospheric pressure: its measurement; cyclones and ar

its characteristics.

Measuring the weather

Wind; forces acting to produogind; wind speed direction: units, its direction; measuring wind speec
direction; humidity, clouds and rainfall, radiation: absorption, emission and scattering in atmo:

radiation laws

Weather systems

Global wind systems; air masses and frortsissifications; jet streams; local thunderstorms; trop

cyclones: classification; tornadoes; hurricanes.

Climate and Climate Change

Climate: its classification; causes of climate change; global warming and its outcomes; air pollution; a

ozone depletion, acid rain, environmental issues related to climate
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Basics of weather forecasting

Weather forecasting: analysis and its historical background; need of measuring weather; types of

forecasting; weather forecasting methodsteria of choosing weather station; basics of choosing site

exposure; satellites observations in weather forecasting; weather maps; uncertainty and predi

probability forecasts.

Demonstration@and Experiments

1. Study of synoptic charts & weahreports, working principle of weather station.

2. Processing and analysis of weather data

a.
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To calculate the sunniest time of the year.

To study the variation of rainfall amount and intensity by wind direction.
To observe the sunniest/driest day of the week.

To examine the maximum and minimum temperature throughout the year.
To evaluate the relative humidity of the day.

To examine the rainfall amount month wise.

3. Exercises in chart reading: Plotting of constant pressure charts, surfaces charts, upper tgr

and its analysis.

4. Formats and elements in different types of weather forecasts/ warning (both aviation e

aviation)

Reference Books

Aviation Meteorology, |.C. Joshi, 3rd edition 2014, Himalayan Books

The weather Observers Hand boSkephen Burt, 2012, Cambridge University Press.

Meteorology, S.R. Ghadekar, 2001, Agromet Publishers, Nagpur.

Text Book of Agrometeorology, S.R. Ghadekar, 2005, Agromet Publishers, Nagpur.
Why the weather, Charls Franklin Brooks, 1924, Chpraman & Hallgdon
Atmosphere and Ocean, John G. Harvey, 1995, The Artemis Press.
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3 General Elective

3.1GE T1 - Mechanics

Mechanics

60 Lectures 4 Credits

Mathematical Methods

Vectors: Vector algebra. Scalar and vector products. Derivatives of a vector with respect to a paramet

Ordinary Differential Equations:*1 order homogeneous differential equatiorls.®der homogeneowsnd

inhomogeneous differential equatsowith constant coefficients.

Particle Dynamics
Laws of Mot i on: Frames of reference. Newt on o
of Mass.

Momentum and Energy: Conservation of momentum. Work and energy. Conservation of otiay.of

rockets.

Rotational Motion: Angular velocity and angular momentum. Torque. Conservation of angular momen

Gravitation
Gravitation: Newt onés Law of Gravitation. Mo t
angular momet um i s conserved, ar eal vel ocity is ¢

circular orbit and applications. Geosynchronous orbits. Weightlessness. Basic idea of global po:
system (GPS).

Oscillations

Oscillations: Differentialequation of SHM and its solutions. Kinetic and Potential Energy, Total Energ
their time averages. Damped oscillatioRerced harmonic oscillations, resonance

Elasticity

H o o k e 6-sStreksstrain diagram Elastic moduliRelation between elastic constantB o i s s 0 i+ «
Expression for Poi ssonds -rWork dooe in stretchirgrandswork dlonee

twisting a wire- Twisting couple on a cylinde- Determination of Rigidity modulus by static torsion



Page

Torsional penduluraBending of beam.

Special Theory of Relativity

Special Theory of Relativity: Constancy of speed of light. Postulates of Special Theory of Relativity.

contraction. Time ithtion. Relativistic addition of velocities.

Reference Books
Classical Mechanics. T.W.B. Kibble and F.H. Berkshire, 2004, Imp. Col. Press, World Scientifi
An introduction to mechanics, D. Kleppner, R.J. Kolenkow, 1973, Mciiw
Classical Dynamicsef Particles and Systems. S.T. Thornton and J. B. Marion, 2009, Brooks/Cc
Mechanics, Berkeley Physics, vol.1, C.Kittel, W.Knight, et.al. 2007, Tata McGlithw
Physics, Resnick, Halliday and Walker 8/e. 2008, Wiley.
University Physics. F.W Sears, M.¥émansky, H.D Young 13/e, 1986, Addison Wesley
Theoretical Mechanics, M.R. Spiegel, 2006, Tata McGraw Hill.
Classical Mechanics and General Properties of Megtét. Maiti and D.P. Raychaudhuri, New Ag
Feynman Lectures, Vol. I, R.P.Feynman, R.B.Leighk¥§ands, 2008, Pearson Education
Introduction to Special Relativity, R. Resnick, 2005, John Wiley and Sons.
Special Relativity (MIT Introductory Physics).P. French, 2018, CRC Press.
University Physics, Ronald Lane Reese, 2003, Thomson Brooks/Cole.

Analytical Mechanics, G.R. Fowles and G.L. Cassiday. 2005, Cengage Learning.
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3.2GE P11 Mechanics Lab

60 class hours 2 Credits

General Topic

Discussion on random errors in observatiovsasurement principles of length (or diameter) us

vernier caliper, screw gauge and travelling microscope. Discussion on the parts of Sextant.

List of Practical

n
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To study the random error in observations of time period of some oscillation using chronomet
To determine the Moment of Inertia of a regutedy using another auxilary body and a cra
suspeded by a metalic wire.

To determine g and velocity for a freely falling body using Digital Timing Technique

To determine the Young's Modulus by flexure method.

To determine the Modulus of Rigidity of a \Wiby a torsional pendulum.

To determine the height of a building using a Sextant.

To determine the elastic Constants of a w
To determine the value of g using Bar Pendulum.

To determine the value of g using Kater ds

10. To stug/ the Motion of Spring and calculate, (a) Spring constant, (b) g and (c) Modulus of rigic

Reference Books

Advanced Practical Physics for students, B. L. Flint and H.T. Worsnop, 1971, Asia Publishing
Advanced level Physics Practicals, Michielson and Jon M. Ogborn, 4th Edition, reprinted 1€
Heinemann Educational Publishers

A Text Book of Practical Physics, |.Prakash & Ramakrishna, 11th Edn, 2011, Kitab Mahal
Engineering Practical Physics, S.Panigrahi & B.Mallick, 2015, Cengage LeamdiagPvt. Ltd.
Practical Physics, G.L. Squires, 2015, 4th Edition, Cambridge University Press.
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3.3GE T2 - Electricity and Magnetism

Electricity and Magnetism

60 Lectures 4 Credits

Vector Analysis

Review of vector algebra (Scalar and Vegpooduct), gradient, divergence, Curl and their significar
Vector Integration, Line, surface and volume integrals of Vector fields, @wmgence theorem and Stok
theorem of vectors (statement only).

Electrostatics

Electrostatic Field, electridux, Gauss's theorem of electrostatics. Applications of Gauss the&tfentric
field due to point charge, infinite line of charge, uniformly charged spherical shell and solid sphere
charged sheet, charged conductor. Electric potential as lineahtdgelectric field. Electric potential due 1
an electric dipole. Calculation of electric field from potential. Capacitance of an isolated spherical cor
Parallel plate condenser. Energy per unit volume in electrostatic field. Dielectric mediarisa®ion,

Displacement vector. Gauss's theorem in dielectrics. Parallel plate capacitor completely filled with die
Magnetism

Magnetostatics: BieSavart's law & its applicationsstraight conductor, circular coil, solenoid carryi

current.Divergence and curl of magnetic field. Magnetic vector potential. Ampere's circuital law.

Magnetic properties of materials: Magnetic intensity, magnetic induction, permeability, ma

susceptibility. Brief introduction of diapara and ferremagnetiomaterials.
Electromagnetic Induction

Faraday's laws of electromagnetic induction, Lenz's law, self and mutual inductance, L of single co

two coils. Energy stored in magnetic field.
Linear Network

| mpedance of L, C, R and their combinations:¢

theorem and superposition theorem. Ander sonds
Maxwell's Equations and Electromagnetic Wave Propagation

Equation of continuity of current, Displament current, Maxwell's equations, Poynting vector, en
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density in electromagnetic field, electromagnetic wave propagation through vacuum and isotropic d
medium, transverse nature of EM waves, polarization.

Reference Books

Foundations oElectromagnetic Theory. J.R. Reitz, F.J. Milford and R.W. Christy, 2010, Pearsc
Electricity and Magnetism, Edward M. Purcell, 1986 McGidil Education

Introduction to Electrodynamics, D.J. Griffiths, 3rd Edn., 1998, Benjamin Cummings.
Feynman Lecturegol.2, R.P.Feynman, R.B.Leighton, M. Sands, 2008, Pearson Education
Electromagnetism. I.S. Grant and W.R. Phillips, 2013, Wiley.

Classical Electromagnetism. J. Franklin, 2008, Pearson Education.

Elements of Electromagnetics, M.N.O. Sadiku, 2010, Oxford/&ssity Press.

Electricity, Magnetism & Electromagnetic Theory, S. Mahajan and Choudhury, 2012, Tata Mc!
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3.4GE P2i Electricity and Magnetism Lab

Electricity and Magnetism

60 class hours 2 Credits

General topic

Use a Multimeter for measuring (Resistances, (b) AC and DC \Voltages, (c) DC Current, (d) Capacit:
(e) Checking electrical fuses and (f) circuit continuity chdgle monstr ati on on (

potentiometer, resistance box, inductor coil, moving coil galvanometer (in daankballistic mode), etc.
List of Practicals

To determine an unknown Low Resistance us
To verify the Thevenin and Norton theorems.
To verify the Superposition and Maximum power transfer theorems.

To determine selinductanceo f a coi | by Ander sonds bridg
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To study response curve of a Series LCR circuit and determine its (a) Resonant freque

Impedance at resonance, (c) Quality factor Q, and (d) Band width.

6. To study the response curve of a parallel LCR circuitdetdrmine its (a) Antiresonant frequenc
and (b) Quality factor Q.

7. To study the characteristics of a series RC Circuit.

8. To determine an unknown Low Resistance using Potentiometer.

9. To determine the resistance of a galvanom

10. Measurement of field strength B and its variation in a solenoid (determine dB/dx)

Reference Books

Advanced Practical Physics for students, B.L. Flint and H.T. Worsnop, 1971, Asia Publishing
A Text Book of Practical Physics, |.Prakash & Ramakrisiitith) Ed., 2011, Kitab Mahal
Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4th Edition, reprinte
Heinemann Educational Publishers

Engineering Practical Physics, S.Panigrahi and B.Mallick, 2015, Cengage Learning.

A Laboratory Manual of Physics for undergraduate classes, D.P.Khandelwal, 1985, Vani Pub.
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3.5GE T3 - Thermal Physics and Statistical Mechanics

Thermal Physics and Statistical Mechanics

60 Lectures 4 Credits

Laws of Thermodynamics

Thermodynamic Description afystem: Zeroth Law of thermodynamics and temperature. First law
internal energy, conversion of heat into work, Various Thermodynamical Processes, Applications
Law: General Relation between CP and CV, Work Done during Isothermal and AdiabatEsdes,
Compressibility and Expansion Coefficient, Reversible and irreversible processes, Second law and
Carnotés cycle & theorem, Entropy ¢ han-teepmeratdre

diagrams, Third law of thermodynamid¢dnattainability of absolute zero.

Thermodynamical Potentials

Enthal py, Gi bbs, Hel mhol tz and Internal FElouer
Thompson Effect, Clausiu€lapeyron Equation, Expression for (CEV), CP/CV, TdS equains.

Kinetic Theory of Gases

Derivation of Maxwel |l 6s | aw of di stribution
(Zeroth Order), Transport Phenomena: Viscosity, Conduction and Diffusion (for vertical case), L
equipartition of energy (no derivation) and its applications to specific heat of gases;-atmnia and

diatomic gases.

Theory of Radiation

Blackbody radiation, Spectral distribution, Concept of Energy Density, Derivation of Planck's law, Det
of Wi en Gian lad,iRayteighiJlela ns L aw, Stefan Boltzmann L

Pl anckds | aw.

Statistical Mechanics

Phase space, Macrostate and Microstate, Entropy and Thermodynamic probability, Nemtizedann law
distribution of velocity- Quantum statistics (qualitative discussion onk)FermiDirac distribution law
(statement only) electron gas as an example of Fermi-gaeseEinstein distribution law (statement only)

photon gas as an example of Bose gamparison of three statissic

Reference Books
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Concepts in Thermal Physics, S.J. Blundell and K.M. Blundell, 2nd Ed., 2012, Oxford Univ Pr
Thermal Physics, S. Garg, R. Bansal and C. Ghosh, 1993, Tata Méttaw

A Treatise on Heat, Meghnad Saha, and B.N. Srivastava, 2@, Press.

Thermodynamics, Enrico Fermi, 1956, Courier Dover Publications.

Heat and Thermodynamics, M.W.Zemasky and R. Dittman, 1981, McGraw Hill
Thermodynamics, Kinetic theory & Statistical thermodynamics, F.W.Sears and

G.L. Salinger. 1988, Narosa

University Physics, Ronald Lane Reese, 2003, Thomson Brooks/Cole.

Thermal Physics, A. Kumar and S.P. Taneja, 2014, R. chand Publications.
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3.6 GE P31 Thermal Physics and Statistical Lab

Thermal Physics and Statistical

60 class hours 2 Credits

List of Practical

1. Veri fication of Stefanés | aw using a tor

2. To determine the Coefficient of Ther mal C
method.

3. To determine the Temperature Coefficient of Resistance by Platinum ResiStaggeometer
(PRT).using constant current source

4. To study the variation of Therrriemf of a Thermocouple with Difference of Temperature of its 1
Junctions.

5. To calibrate a thermocouple to measure temperature in a specified Range by Null Method
potentiometer.

6. To calibrate a thermocouple to measure temperature in a specified Range by direct meas
using OpAmp differential amplifier and to determine Neutral Temperature

7. Measurement of unknown temperature using Diode sensor.

8. TodetermineMechni c al Equival ent of Heat, J, by

9. To determine the Coefficient of Thermal C

100.To determine the Coefficient of Ther mal C

Reference Books

Advanced Practical Physics for students, B.L.Flint & H.T.Worsnop, 1971, Asia Publishing HoL
Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4th Edition, reprinte
Heinemann Educational Publishers

A Text Book of PracticalPhysics, Indu Prakash and Ramakrishna, 11th Edition, 2011,
Mahal, New Delhi.

A Laboratory Manual of Physics for Undergraduate Classes, D.P. Khandelwal, 1985
Publication.
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3.7GE T4 - Waves and Optics

Waves and Optics

60 Lectures 4 Credits

Superposition of Two Collinear Harmonic oscillations

Linearity & Superposition Principle. (1) Oscillations having equal frequencies and (2) Oscillations

different frequencies (Beats).

Superposition of Two Perpendicular HarmonicOscillations

Graphical and Analytical Methods. Lissajous Figures with equal an unequal frequency and their uses.
Waves Motion General

Transverse waves on a string. Travelling and standing waves on a string. Normal Modes of a string

velocity, Phase velocity. Plane waves. Spherical waves, Wave intensity.

Fluids

Surface Tension: Synclastic and anticlastic surfagexcess of pressure Application to spherical ant

cylindrical drops and bubblesvariation of surface tension with temperature.

Viscosity: Viscosity- Rate flow of liquid in a capillary tube Poi s eui | | -eD&termifaton of
coefficient of viscosity of a liquid Variations of viscosity of a liquid with temperature lubrication.

Qualitative discussion on water waves

Sound

Simple harmonic motion forced vibrations and resonanc& o ur i er 6 sApplidatemto sam tooth
wave and square wavéntensity and loudness of soun®ecibels- Intensity levels musical notes musical
scale. Acoustics of buildings: Reverbioa and time of reverberation Absorption coefficient Sa b i

formula- measurement of reverberation tincoustic aspects of halls and auditoria.
Wave Optics
Electromagnetic nature of light. Definition and Properties of wave front. HuygenspgRginci

Interference
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I nterference: Di vision of amplitude and divi
Mirror and Fresnel ds Biprism. Phase change ¢
parallel and wedgshapedilms. Fringes of equal inclination (Haidinger Fringes); Fringes of equal thick

(Fizeau Fringes). Newt onds Rings: measur ement

Mi chel sondés | nterferometer

Idea of form of fringes (no theory needed), Determinatiowafelength, Wavelength difference, Refract
index, and Visibility of fringes.

Diffraction

Fraunhofer diffraction Single slit; Double Slit. Multiple slits and Diffraction grating. Fresnel Diffracti
Half-period zones. Zone plate. Fresnel Diffractimsitern of a straight edge, a slit and a wire using f
period zone analysis.

Polarization

Transverse nature of light waves. Plane polarized lightoduction and analysis. Circular and elliptic

polarization.

Reference Books
Waves: Berkeley Physig&Sourse, vol. 3, Francis Crawford, 2007, Tata McGHilk
Vibrations and Waves. A.P. French, 2003, CBS.
Vibrations & Waves. G.C. King, 2009, Wiley.
The Physics of Vibrations and Waves, H. J. Pain, 2013, John Wiley and Sons.
General Properties of Matter. Brown, 1969, Springer Science.
Classical Mechanics and General Properties of M&té. Maiti and D.P. Raychaudhuri, New Ag
Optics. E. Hecht, 2003, Pearson Education.
Fundamentals of Optics, F.A Jenkins and H.E White, 1976, Mc&lidw
Principles ofOptics, B.K. Mathur, 1995, Gopal Printing
Fundamentals of Optics, H.R. Gulati and D.R. Khanna, 1991, R. Chand Publications
University Physics. F.W. Sears, M.W. Zemansky and H.D. Young. 13/e, 1986. Adtlesiay
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3.8GE P41 Waves and Optics Lab

Waves andOptics

60 class hours 2 Credits

List of Practical

1.
2.
3.
4.

© N o O

10.

11.
12.

To determine the frequency of an el e’ Tlawi c
To determine Coefficient of Viscosity of
To determine refractive index of the Material of a prism using sodium source.

To determine the dispersive power and Cauchy constants of the material of a prism using
source.

To determine wavelength of sodium light using Fresnel Biprism.

Todetermine@vel ength of sodium I ight wusing New
To determine dispersive power and resolving power of a plane diffraction grating.

To determine the thickness of a thin paper by measuring the width of the interference
produced by a wedgghaped Film.

Familiarization with: Schuster’s focusing; determination of angle of prism.

To determine wavelength of (1) Na source and (2) spectral lines of Hg source using plane dit
grating.

To investigate the motion of coupled oscillators.

Todet er mine the wavelength of sodium sour c:

Reference Books

Advanced Practical Physics for students, B.L. Flint and H.T. Worsnop, 1971, Asia Publishing
Advanced level Physics Practicals, Michael Nelson and JaddWorn, 4th Edition, reprinted 198!
Heinemann Educational Publishers

A Text Book of Practical Physics, Indu Prakash and Ramakrishna, 11th Edition, 2011
Mahal, New Delhi.
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3.9GE T5 - Digital, Analog Circuits and Instrumentation

Digital, Analog Circuits and Instrumentation

60 Lectures 4 Credits

Digital Circuits 15 Lectures

Difference between Analog and Digital Circuits. Binary Numbers. Decimal to Binary and Binary to D¢
Conversion, AND, OR and NOT Gates (Realization using Diodes and Transistor). NAND and NOR C
Universal Gates. XOR and XNOR Gates.

De Morgan'sTheorems. Boolean Laws. Simplification of Logic Circuit using Boolean Algebra. Fundan
Products. Minterms and Maxterms. Conversion of a Truth Table into an Equivalent Logic Circuit

Sum of Products Method and (2) Karnaugh Map

Binary Addition. Binary Subtraction using 2's Complement Method). Half Adders and Full Adder:
Subtractors, bit binary AdderSubtractor.

Semiconductor Devices and Amplifiers 15 Lectures

Semiconductor Diodes: P and N type semiconductors. Barrier Formation Jurfetion Diode. Qualitative
Idea of Current Flow Mechanism in Forward and Reverse Biased Diode. PN junction and its charac

Static and Dynamic Resistance. Principle and structure of (1) LEDs, (2) Photodiode, (3) Solar Cell

Bipolar Junction transtors: np-n and pn-p Transistors. Characteristics of CB, CE and CC Configurati
Acti ve, Cutoff & Saturation regions Current ¢
Transistors. DC Load line & Qpoint. Voltage Divider Bias Citgt for CE Amplifier. Hparameter,
Equivalent Circuit. Analysis of singlstage CE amplifier using hybrid Model. Input & output Impedar

Current, Voltage and Power gains. Class A, B & C Amplifiers.

Operational Amplifiers (Black Box approach) 14 Lectures

Characteristics of an Ideal and Practical-App (IC 741), Operloop and closedloop Gain. CMRR,
concept of Virtual ground. Applications of @mps: (1) Inverting and nemverting Amplifiers, (2) Adder,
(3) Subtractor, (4) Differentiator, (5) Integrat(6) Zero crossing detector.

Sinusoidal Oscillators: Barkhausen's Criterion for -Satained Oscillations. Determination of Frequenc
RC Oscillator

Instrumentations 16 Lectures

Introduction to CRO: Block Diagram of CRO. Applications of CRO: (1) Study of Waveform,
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Measurement of Voltage, Current, Frequency, and Phase Difference.

Power Supply: Halivave Rectifiers. Centrmpped and Bridge Fullave Rectifiers Calculation ofipple
Factor and Rectification Efficiency, Basic idea about capacitor filter, Zener Diode and Voltage Regulat

Timer IC: IC 555 Pin diagram and its application as Astable and Monostable Multivibrator.

Reference Books
Integrated Electronics, Millman and C.C. Halkias, 1991, Tata M&raw Hill.
Electronic devices & circuits, S. Salivahanan & N.S. Kumar, 2012, Tat&ida Hill
Microelectronic Circuits, M.H. Rashid, 2nd Edn., 2011, Cengage Learning.
Modern Electronic Instrumentation anteasurement Tech., Helfrick and Cooper, 1€
PHI Learning
Digital Principles and Applications, A.P. Malvino, D.P. Leach and Saha, 7th Ed., 2011
McGraw Hill
Microelectronic circuits, A.S. Sedra, K.C. Smith, A.N. Chandorkar, 2014, 6th Edrigrd0
University Press.
Fundamentals of Digital Circuits, A. Anand Kumar, 2nd Edition, 2009, PHI Learning Pvt. Ltd.
OP-AMP & Linear Digital Circuits, R.A. Gayakwad, 2000, PHI Learning Pvt. Ltd.
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3.10

GE P51 Digital, Analog Circuits and Instruments Lab

Digital, Analog Circuits and Instruments

60 class hours 2 Credits

List of Practical

© ® N o g~ w DR

=
N PO

13.
14.
15.

To measure (a) Voltage, and (b) Frequency of a periodic waveform using CRO
To verify and design AND, OR, NOT and XOR gates using NAND gates.

To minimize a given logicircuit.

Half adder, Full adder andbit Binary Adder.

AdderSubtractor using Full Adder I.C.

To design an astable multivibrator of given specifications using 555 Timer.

To design a monostable multivibrator of given specifications using 555 Timer.
To study IV characteristics of PN diode, Zener and Light emitting diode

To study the characteristics of a Transistor in CE configuration.

. To design a CE amplifier of given gain (rgdin) using voltage divider bias.
. To design an inverting amplifier of givemig using Opamp 741 and study its frequency respons

. To design a noinverting amplifier of given gain using @mmp 741 and study its Frequen

Response.
To study Differential Amplifier of given 1/O specification using-@mp.
To investigate a differergtor made using epmp.

To design a Wien Bridge Oscillator using anapp.

Reference Books

Basic Electronics: Atext lab manual, P.B. Zbar, A.P. Malvino, M.A. Miller, 1994Gvaw Hill.
Electronics: Fundamentals and Applications, J.D. Ryder, Z8@htice Hall.

OP-Amps & Linear Integrated Circuit, R.A. Gayakwad, 4th Edn, 2000, Prentice Hall.
Electronic Principle, Albert Malvino, 2008, Tata Meraw Hill.
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3.11 GE T6 - Perspectives of Modern Physics

Perspectives of Modern Physics

75 Lectures 6 Credits

Relativistic Dynamics 8 Lectures

Brief summary of Lorentz transformation and time dilation, length contraction, velocity addition et
derivation required). Elastic collision between two particles as observed from two inertial framesatiitia
velocity, idea of relativistic momentum and relativistic mass. Massgy equivalence.

Quantum Theory of Light 5 Lectures

Review on the limitations of classical theory of electromagnetic radiation within a cavity and its solu
Pl angk#&®mst um hypothesis (no derivation requir:

Photoelectric effect. Einsteinds postul ate ¢
explanation.

Bohr 6s model 4 Lectures
LimitatonsofRu her f or dds model of atomic structure.
Wave-particle Duality 6 Lectures

De Br ogl i e d wavehpartictetdialktys DagisseBer mer experi ment . C
postulate on photons and with Bohrés quanti

relation as a consequence of wagaticle duality. Demonstration by-ray microscope thought experimel

Estimating minimum energy of a confined patrticle using uncertainty principle.

Wave-function Description 7 Lectures

Two slit interference experiment with photons, atoms & particles; lisgaerposition principle of associatt
wave functions as a consequence; Departure from matter wave interpretation and probabilistic inter
of wave function; Schroedinger equation for wrefativistic particles; Momentum and Energy operatc

statbnary states. Properties of wave function. Probability and probability current densities in one dime

Stationary State Problems 5 Lectures

One Dimensional infinitely rigid box,nergy eigenvalues and eigenfunctions, normalization; Quantum ¢

an example. Quantum mechanical scattering and tunnelling in one dimersiorss a step potential ar
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across a rectangular potential barrier (qualitative discussion with statemendse$gits only).
Atomic Physics 15 Lectures

Quantization rules energy and orbital angular momentum from Hydrogen and Hydrogen like atc
derivation);s, p, d,shellsubshells. Space quantization. Orbital Magnetic Moment and Magnetic Ene

electron, Gyromagnetic Ratio and Bohr magneton. Zeeman effect.

Electron Spin as relativistic quantum effect (qualitative discussion only), Spin Angular Momenturr
Magnetic Moment. SterGerlach Experiment. Larmor Precession. Spibit interaction Addition of angular
momentum (statement only). Energy correction due to relativistic effect andrgfinneraction (statemer
only). Finestructure splitting.

Multi-el ect ron at oms. Pauli 6s Excl usi on PrdmitSiatpsl

Aufbau principlen+l rule (qualitative discussion only). Periodic table.
Nuclear Physics 15 Lectures

Size and structure of atomic nucleus and its relation with atomic weight; Impossibility of an electron
the nucleus as a consequence of the uncertainty principle. Nature of nuclear force, NZ graph. Bindin

curve.

Radioactivity: stability ofthe nucleus; Law of radioactive decay; Mean life and-lifalf Alpha decay, bete

decay, gamma emissidrbasic characteristics.

Fission and fusionmass deficit, relativity and generation of energy; Fissiamture of fragments an
emission of neutronsBasic principle of a nuclear reactor: slow neutrons interacting with Uranium

Fusion and basic principle of thermonuclear reactions
X-ray and Crystal Structure of Solids 10 Lectures

Generation of X avy . Mosl eybds | aw, e X p Anmaorplaotisi aach crydtatlire nsolick
Lattice structure of crystalline (no categorisation required). Unit cell and basis vectors of a lattice. Difl

ofX-ray by crystalline sol id. Braggds | aw.

Reference Books
Quantum Physics of Atoms, MoleculeSolids, Nuclei and Particles. R. Eisberg and R. Resr
1985, Wiley.
Perspectives of Modern Physics. A. Beiser, 1969, McGidlv
Introduction to Modern Physics, Rich Meyer, Kennard, Coop, 2002, Tata McGraw Hill
Introduction to Quantum Mechanics, DavidGriffith, 2005, Pearson Education.
Physics for scientists and Engineers with Modern Physics, Jewett and Serway, 2010, (
Learning.
Modern Physics, G.Kaur and G.R. Pickrell, 2014, McGraw Hill
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3.12 GE T7171 Solid State Physics

Solid State Physics

60 Lectures 4 Credits

Preliminary Topics 4 Lectures
Review on Schroedinger equation in one dimension, stationary states. MBritethan distribution law.
Crystal Structure 12 Lectures

Solids: Amorphous and Crystalline Materials. Lattitanslation Vectors. Lattice with a Basis. Unit Ce
Miller Indices. Reciprocal Lattice. Types of Lattices. Brillouin Zones. Diffraction afays by Crystals.

Braggdbs Law. Atomic and Geometrical Factor.

Elementary Lattice Dynamics 8 Lectures

Lattice Vibrations and Phonons: Linear Monoatomic and Diatomic Chains. Acoustical and Optical Pr
Qualitative Description of the Phonon Spectr

specific heat of solids. Debye correction (qualitativeaigd T3 law (statement only).

Magnetic Properties of Matter 12 Lectures

Dia-, Para, Ferri and Ferromagnetic Materials. Classical Langevin Theory ofidand Paramagneti
Domai ns. Quant um Mechani cal Tr eat ment Theofy ofl

Ferromagnetism and Ferromagnetic Domains. DiscussiontbfdBirve. Hysteresis and Energy Loss.

Dielectric Properties of Materials 9 Lectures

Polarization. Local Electric Field at an Atom. Depolarization Field. Electric Susceptibility. Polariza
Clausius Mosotti Equation. Classical Theory of Electric Polarizability. Normal and Anomalous Dispt
Cauchy and Sellmeir relations. Langeiyebye equation. Complex Dielectric Constant. Optical Phenom:

Elementary band theory 10 Lectures

Kronig Penny model. Band Gaps. Conductors, Semiconductors and insulators. P and N type Semico

Conductivity of Semiconductors, mobility, H&ffect, Hall coefficient.

Superconductivity 5 Lectures
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Experimental Results. Critical Temperature. Critical magnetic field. Meissner effect. Type | and f
Superconductors.

Reference Books
The Oxford Solid State Basics. S. H. Simon, 2013, Oxford.
Elementary Solid State Physics, 1/e M. Ali Omar, 1999, Pearson India
Introduction to Solid State Physics, Charles Kittel, 8th Ed., 2004, Wiley India Pvt. Ltd.
Elements of Solid State Physics, J.P. Srivastava, 2nd Ed., 2006, PHaltioéIndia
Introducion to Solids, Leonid V. Azaroff, 2004, Tata Maraw Hill
Solid State Physics, N.W. Ashcroft and N.D. Mermin, 1976, Cengage Learning
Solid State Physics, Rita John, 2014, McGraw Hill
Solid-state Physics, H. Ibach and H. Luth, 2009, Springer
Solid State Phsics, M.A. Wahab, 2011, Narosa Publications
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3.13

GE P71 Solid State Physics Lab

Solid State Physics

60 class hours 2 Credits

List of Practical

1.

a > D

© ©® N o

11.

To determine the Coupling Coefficient of a Piezoelectric crystal.

To measure the DielectriConstant of a dielectric Materials with frequency

To study the characteristics of a Ferroelectric Crystal.

To draw the BH curve of Fe using Solenoid & determine energy loss from Hysteresis.

To measure the resistivity of a semiconductor (Ge) with temperatureverse bias characteristi
of Ge diode (room temperature to 80 oC) and to determine its band gap.

To determine the Hall coefficient of a semiconductor sample.

To study temperature coefficient of a semiconductor (NTC thermistor)

Measurement of suspthility of paramagnetic solution (Quinck’s Tube Method)

To measure the Magnetic susceptibility of Solids.

. To determine the complex dielectric constant and plasma frequency of metal using Surface |

resonance (SPR)

To determine the refractive indekadielectric layer using SPR

Reference Books

Advanced Practical Physics for students, B.L. Flint and H.T. Worsnop, 1971, Asia Publishing
Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4th Edition, reprinte
HeinemanrEducational Publishers

A Text Book of Practical Physics, |.Prakash & Ramakrishna, 11th Edn., 2011, Kitab Mahal
Elements of Solid State Physics, J.P. Srivastava, 2nd Ed., 2006, PHailtioé India
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3.14 GE T8 - Nuclear and Particle Physics

Nuclear And Particle Physics

75 Lectures 6 Credits

Preliminary Topics

Review of mas®nergy egivalence, quantum tunnelling. Qualitativeisalssion on properties ¢

semiconductors.
General Properties of Nuclei

Constituents of nucleus and their Intringioperties, quantitative facts about mass, radii, charge de
(matter density), binding energy, average binding energy and its variation with mass number, main fe
binding energy versus mass number curve, N/A plot, angular momentum, paritgtimagoment, electric

moments, nuclear excites states.
Nuclear Models

Liquid drop model approach, semi empirical mass formula and significance of its various terms, conc
nuclear stability, two nucleon separation energies, Fermi gas nfddgknerate fermion gas, nucle
symmetry potential in Fermi gas), evidence for nuclear shell structure, nuclear magic number

assumption of shell model, concept of mean field, residual interaction, concept of nuclear force.
Radioactivity decay

(a) Al pha dedagay bpsocess-odnd fsti haor \GambowUf act
decay spectroscopy. (b)decay: energy kinematics for[I-decay, positron emission, electron capture, neut

hypothesis. (¢) Gamma decay: Gammags emission & kinematics, internal conversion.
Nuclear Reactions

Types of Reactions, Conservation Laws, kinematics of reactionslu@, reaction rate, reaction cro
section, Concept of compound and direct reaction, resonance reaction, Cadattdring(Rutherforc

scattering).
Interaction of Nuclear Radiation with matter

Energy loss due to ionization (Bethiglock formula), energy loss of electrons, Cerenkov radiation. Gal

ray interaction through matter, photoelectric effect, Compton sicettepair production, neutron interactic
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with matter.

Detector for Nuclear Radiations

Basic principles ofionization chamber and GM Counter. Basic principle of Scintillation Detectors
construction of photonultiplier tube (PMT). Semiconductor Detectors (Si and Ge) for charge particli

photon detection (concept of charge carrier and mobility), neuttactdr.
Particle Accelerators

Linear accelerator, Cyclotron, Synchrotrons.

Particle physics

Particle interactions; basic features, types of particles and its families. Symmetries and Conservatic
energy and momentum, angular momentum, pardgydn number, Lepton number, Isospin, Strangeness

charm, concept of quark model, color quantum number and gluons.

Reference Books
Nuclear Physics. J.S. Lilley, 2001, John Wiley & Sons.

Nuclear and Particle Physics. B.R. Martin, 2006, John Wil&o&s.

Nuclear and Particle Physics, W.F. Burcham and M. Jobes, 1995, Pearson.

An Introduction to Nuclear Physics. W. N. Cottingham and D.A. Greenwood, 2004, Chambrid
Introductory nuclear Physics by Kenneth S. Krane (Wiley India Pvt. Ltd., 2008).

Concepts of nuclear physics by Bernard L. Cohen. (Tata Mcgraw Hill, 1998).

Introduction to the physics of nuclei & particles, R.A. Dunlap. (Thomson Asia, 2004).
Introduction to High Energy Physics, D.H. Perkins, Cambridge Univ. Press

Introduction to Elemdary Particles, D. Griffith, John Wiley & Sons

Quarks and Leptons, F. Halzen and A.D. Martin, Wiley India, New Delhi

Basic ideas and concepts in Nuclear Physiés Introductory Approach by

K. Heyde (IOPR Institute of Physics Publishing, 2004).

Radiation detection and measurement, G.F. Knoll (John Wiley & Sons, 2000).

Physics and Engineering of Radiation Detection, Syed Naeem Ahmed (Academic Press, [
2007).
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4 Scheme for CBCS CurriculumB.Sc.(General) Program

with Physicsas one of the disciplines

4.1 Credit Distribution across Courses

Credits

Course Type Total Papers Theory + Practical Theory*

Discipline Specific Core 12 12*4 =48 12*5 =60

Courses (4 from Physics) 12*2 =24 12*1=12
Discipline Specific 6 6*4=24 6*5=30
Electives (2 from Physics) 6*2=12 6*1=6

Ability Enhancement

2 2*2=4 2*2=4
Language Courses
Skill Enhancement
4*2=8 4*2=8
Courses
Totals 120 (0]

4.2 Scheme for CBCS Curriculum

Semester Course Name Course Detail

Ability Enhancement English communication / Environmental 2
CompulsoryCoursei | Science

DSC 1 A:Mechanics 4
Corecoursel | (from Physics)

DSC1A LAB: Mechanics Lab 2
Corecoursel I DSC 2A (from Discipline 2) 6
Corecoursei Il DSC 3A (from Discipline 3) 6
Ability Enhancement English communication / Environmental 2
CompulsoryCoursei I Science

DSC1B: Electricity and Magnetism 4

Corecoursei IV (from Physics)
DSC 1BLAB: Electricity and Magnetism Lab 2

Corecoursei V DSC 2B (from Discipline 2) 6

Corecoursei VI DSC 3B (from Discipline 3) 6
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Corecoursel VIl (from Physics)

Corecourser VIl
Corecoursel IX

Skill Enhancemen€oursei 1

Corecoursei X (from Physics)

Corecoursei Xl

Corecoursel Xl

Skill EnhancemenCourse2
Skill EnhancemenCourse3
Discipline SpecificElectivei 1
Discipline SpecificElective T 2
Discipline SpecificElectivei 3
Skill EnhancemenCourse4
Discipline SpecificElectivei 4
Discipline SpecificElective i 5

Discipline SpecificElectivei 6

DSC 1C Thermal Physics and Statistical

Mechanics

DSC 1CLAB: Thermal Physics and
Statistical Mechanics Lab

DSC 2C (from Discipline 2)
DSC 3C (from Discipline 3)
TBD

DSC 1D: Waves and Optics
DSC 1D LAB: Waves and Optics Lab
DSC 2D (from Discipline 2)
DSC 3D (from Discipline 3)
TBD

TBD

TBD (from Physics)

TBD (from Discipline 2)
TBD (from Discipline 3)
TBD

TBD (from Physics)

TBD (from Discipline 2)

TBD (from Discipline 3)

4.3 Choices for Discipline Specific Electives (from Physics)

Digital, Analog Circuits

and Instrumentation (4+2)

Solid State Physics (4+2)

Perspectives of Modern Physics

Nuclear and Particle Physics

(5+1)

(5+1)
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4.4 Choices forSkill Enhancement Courseqfrom Physics)

Identical with those offered for B. Scwith Physics Honours program

4.5 Syllabusfor Core Courses(from Physics)

Syllabus forDSC 1 A: Mechanicsis identical with

that of GE T1 i Mechanicsoffered for Honours program

Syllabus forDSC 1 ALAB : MechanicsLab is identical with

that of GE P11 MechanicsLab offered for Honours program

Syllabus forDSC 1B: Electricity and Magnetism s identical with

that of GE T2 Electricity and Magnetism offered for Honours program

Syllabus forDSC 1B LAB: Electricity and Magnetism Lab is identical with

that of GE P27 Electricity and Magnetism Lab offered for Honours program

Syllabus forDSC 1 C Thermal Physics and Statistical Mechanisis identical with

that of GE T3 1 Thermal Physics and Statistical Mechanis offered for Honours program

Syllabus forDSC 1 C LAB: Thermal Physics andStatistical Mechanics Lab is identical with

that of GE P37 Thermal Physics and Statistical Mechanis Lab offered for Honours program

Syllabus forDSC 1D: Waves and Opticsis identical with

that of GE T41 Waves and Opticsoffered for Honours program

Syllabus forDSC 1D LAB: Waves and Optics Labis identical with

that of GE P47 Waves and Optics Laboffered for Honours program
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4.6 Syllabus for Discipline Specific Electivegfrom Physics)

Syllabus forDSE: Digital, Analog Circuits and Instrumentation is identical with

that of GE T51 Digital, Analog Circuits and Instrumentation offered for Honours program

Syllabus forDSE LAB: Digital, Analog Circuits and Instrumentation Lab is identical with

that of GE P51 Digital, Analog Circuits and Instrumentation Lab offered for Honours

program

Syllabus forDSE: Perspectives of Modern Physics identical with

that of GE T61 Perspectives of Modern Physicsffered for Honours program

Syllabus forDSE: Solid State Physicss identical with

that d GE T71 Solid State Physic®ffered for Honours program

Syllabus forDSE LAB: Solid State Physicd.ab is identical with

that of GE P71 Solid State Physicd.ab offered for Honours program

Syllabus forDSE: Nuclear and Particle Physicss identical with

that of GE T81 Nuclear and Particle Physicffered for Honours program




