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Course Code: PAS 303 

Course Name: ELECTROMAGNETIC THEORY 

(Credits: Theory-04, Practicals-02) 

Theory: 60 Lectures 

 
Maxwell Equations: Review of Maxwell’s equations. Displacement Current. Vector 

and Scalar Potentials. Gauge Transformations: Lorentz and Coulomb Gauge. Boundary 

Conditions at Interface between Different Media. Wave Equations. Plane Waves in 

Dielectric Media. Poynting Theorem and Poynting Vector. Electromagnetic (EM) 

Energy Density. Physical Concept of Electromagnetic Field Energy Density, Momentum 

Density and Angular Momentum Density. (12 Lectures) 
 

EM Wave Propagation in Unbounded Media: Plane EM waves through vacuum and 

isotropic dielectric medium, transverse nature of plane EM waves, refractive index and 

dielectric constant, wave impedance. Propagation through conducting media, relaxation 

time, skin depth. Wave propagation through dilute plasma, electrical conductivity of 

ionized gases, plasma frequency, refractive index, skin depth, application to propagation 

through ionosphere. (10 Lectures) 

 
EM Wave in Bounded Media: Boundary conditions at a plane interface between two 

media. Reflection & Refraction of plane waves at plane interface between two dielectric 

media-Laws of Reflection & Refraction. Fresnel's Formulae for perpendicular & parallel 

polarization cases, Brewster's law. Reflection & Transmission coefficients. Total 

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

(10 Lectures) 

 
Polarization of Electromagnetic Waves: Description of Linear, Circular and Elliptical 

Polarization. Propagation of E.M. Waves in Anisotropic Media. Symmetric Nature of 

Dielectric Tensor. Fresnel’s Formula. Uniaxial and Biaxial Crystals. Light Propagation 

in Uniaxial Crystal. Double Refraction. Polarization by Double Refraction. Nicol Prism. 

Ordinary & extraordinary refractive indices. Production & detection of Plane, Circularly 

and Elliptically Polarized Light. Phase Retardation Plates: Quarter-Wave and Half-Wave 

Plates. Babinet Compensator and its Uses. Analysis of Polarized Light    (12 Lectures) 

 

Rotatory Polarization: Optical Rotation. Biot’s Laws for Rotatory Polarization. Fresnel’s 

Theory of optical rotation. Calculation of angle of rotation. Experimental verification of 

Fresnel’s theory. Specific rotation. Laurent’s half-shade polarimeter. (5 Lectures) 

 

Wave Guides: Planar optical wave guides. Planar dielectric wave guide. Condition of 

continuity at interface. Phase shift on total reflection. Eigenvalue equations. Phase and 

group velocity of guided waves. Field energy and Power transmission.      (8 Lectures) 

 

Optical Fibres:- Numerical Aperture. Step and Graded Indices (Definitions Only). 

Single and Multiple Mode Fibres (Concept and Definition Only). (3 Lectures) 

Reference Books: 

 Introduction to Electrodynamics, D.J. Griffiths, 3rd Ed., 1998, Benjamin Cummings. 

 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 

 Electromagnetic 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 Reference 

 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 University Press 
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Course Code: PAS 303 L 

Course Name: ELECTROMAGNETIC THEORY/LAB/ TUTORIAL  

Practical: 60 Lectures 

 

1. To verify the law of Malus for plane polarized light. 

2. To determine the specific rotation of sugar solution using Polarimeter. 

3. To analyze elliptically polarized Light by using a Babinet’s compensator. 

4. To study dependence of radiation on angle for a simple Dipole antenna. 

5. To determine the wavelength and velocity of ultrasonic waves in a liquid (Kerosene 

Oil, Xylene, etc.) by studying the diffraction through ultrasonic grating. 

6. To study the reflection, refraction of microwaves 

7. To study Polarization and double slit interference in microwaves. 

8. To determine the refractive index of liquid by total internal reflection using 

Wollaston’s air-film. 

9. To determine the refractive Index of (1) glass and (2) a liquid by total internal 

reflection using a Gaussian eyepiece. 

10. To study the polarization of light by reflection and determine the polarizing angle 

for air-glass interface. 

11. To verify the Stefan`s law of radiation and to determine Stefan’s constant. 

12. To determine the Boltzmann constant using V-I characteristics of PN junction 

diode. 

 
Reference Books 

 Advanced Practical Physics for students, B.L. Flint and H.T. Worsnop, 1971, 

Asia Publishing House. 

 Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4th 

Edition, reprinted 1985, Heinemann Educational Publishers 

 A Text Book of Practical Physics, I.Prakash & Ramakrishna, 11th Ed., 2011, Kitab Mahal 

 Electromagnetic Field Theory for Engineers & Physicists, G. Lehner, 2010, Springer 
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                    Course Code: PAS 304 

Course Name: STATISTICAL PHYSICS 

(Credits: Theory-04, Practicals-02) 

Theory: 60 Lectures 

 
Classical Statistics: Macrostate & Microstate, Elementary Concept of Ensemble, Phase 

Space, Entropy and Thermodynamic Probability, Maxwell-Boltzmann Distribution Law, 

Partition Function, Thermodynamic Functions of an Ideal Gas, Classical Entropy 

Expression, Gibbs Paradox, Sackur Tetrode equation, Law of Equipartition of Energy 

(with proof) – Applications to Specific Heat and its Limitations, Thermodynamic 

Functions of a Two-Energy Levels System, Negative Temperature. (18 Lectures) 

 
Classical Theory of Radiation: Properties of Thermal Radiation. Blackbody Radiation. 

Pure temperature dependence. Kirchhoff’s law. Stefan-Boltzmann law: Thermodynamic 

proof. Radiation Pressure. Wien’s Displacement law. Wien’s Distribution Law. Saha’s 

Ionization Formula. Rayleigh-Jean’s Law. Ultraviolet Catastrophe. (9 Lectures) 

 
Quantum Theory of Radiation: Spectral Distribution of Black Body Radiation. 

Planck’s Quantum Postulates. Planck’s Law of Blackbody Radiation: Experimental 

Verification. Deduction of (1) Wien’s Distribution Law, (2) Rayleigh-Jeans Law, (3) 

Stefan-Boltzmann Law, (4) Wien’s Displacement law from Planck’s law. (5 Lectures) 

 

Bose-Einstein Statistics: B-E distribution law, Thermodynamic functions of a strongly 

Degenerate Bose Gas, Bose Einstein condensation, properties of liquid He (qualitative 

description), Radiation as a photon gas and Thermodynamic functions of photon gas. 

Bose derivation of Planck’s law. (13 Lectures) 

 
Fermi-Dirac Statistics: Fermi-Dirac Distribution Law, Thermodynamic functions of a 

Completely and strongly Degenerate Fermi Gas, Fermi Energy, Electron gas in a Metal, 

Specific Heat of Metals, Relativistic Fermi gas, White Dwarf Stars, Chandrasekhar Mass 

Limit. (15 Lectures) 

 

Reference Books: 

 Statistical Mechanics, R.K. Pathria, Butterworth Heinemann: 2nd Ed., 1996, 

Oxford University Press. 

 Statistical Physics, Berkeley Physics Course, F. Reif, 2008, Tata McGraw-Hill 

 Statistical and Thermal Physics, S. Lokanathan and R.S. Gambhir. 1991, Prentice Hall 

 Thermodynamics, Kinetic Theory and Statistical Thermodynamics, Francis  

W. Sears and Gerhard L. Salinger, 1986, Narosa. 

 Modern Thermodynamics with Statistical Mechanics, Carl S. Helrich, 2009, Springer 

 An Introduction to Statistical Mechanics & Thermodynamics, R.H. 

Swendsen, 2012, Oxford Univ. Press 
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                    Course Code: PAS 319 

Course Name: ASTRONOMY & ASTROPHYSICS                                                                                                

(Credits: Theory-04, Tutorials-02)  

 Theory: 75 Lectures 
 

Astronomical Scales: Astronomical Distance, Mass and Time, Scales, Brightness, 

Radiant Flux and Luminosity, Measurement of Astronomical Quantities Astronomical 

Distances, Stellar Radii, Masses of Stars, Stellar Temperature. Basic concepts of 

positional astronomy: Celestial Sphere, Geometry of a Sphere, Spherical Triangle, 

Astronomical Coordinate Systems, Geographical Coordinate Systems, Horizon System, 

Equatorial System, Diurnal Motion of the Stars, Conversion of Coordinates. 

Measurement of Time, Sidereal Time, Apparent Solar Time, Mean Solar Time, Equation 

of Time, Calendar. Basic Parameters of Stars: Determination of Distance by Parallax 

Method; Brightness, Radiant Flux and Luminosity, Apparent and Absolute magnitude 

scale, Distance Modulus; Determination of Temperature and Radius of a star; 

Determination of Masses from Binary orbits; Stellar Spectral Classification, 

Hertzsprung-Russell Diagram. (24 Lectures) 

 
Astronomical techniques: Basic Optical Definitions for Astronomy (Magnification 

Light Gathering Power, Resolving Power and Diffraction Limit, Atmospheric 

Windows), Optical Telescopes (Types of Reflecting Telescopes, Telescope Mountings, 

Space Telescopes, Detectors and Their Use with Telescopes (Types of Detectors, 

detection Limits with Telescopes). 

Physical principles: Gravitation in Astrophysics (Virial Theorem, Newton versus 

Einstein), Systems in Thermodynamic Equilibrium. (9 Lectures) 

 
The sun (Solar Parameters, Solar Photosphere, Solar Atmosphere, Chromosphere. 

Corona, Solar Activity, Basics of Solar Magneto-hydrodynamics. Helioseismology). 

The solar family (Solar System: Facts and Figures, Origin of the Solar System: The 

Nebular Model, Tidal Forces and Planetary Rings, Extra-Solar Planets. 

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

Spectral Types and Their Temperature Dependence, Black Body Approximation, H R 

Diagram, Luminosity Classification) (11 Lectures) 

 

The milky way: Basic Structure and Properties of the Milky Way, Nature of Rotation of 

the Milky Way (Differential Rotation of the Galaxy and Oort Constant, Rotation Curve 

of the Galaxy and the Dark Matter, Nature of the Spiral Arms), Stars and Star Clusters of 

the Milky Way, Properties of and around the Galactic Nucleus. (14 Lectures) 

 
Galaxies: Galaxy Morphology, Hubble’s Classification of Galaxies, Elliptical Galaxies 

(The Intrinsic Shapes of Elliptical, de Vaucouleurs Law, Stars and Gas). Spiral and 

Lenticular Galaxies (Bulges, Disks, Galactic Halo) The Milky Way Galaxy, Gas and 

Dust in the Galaxy, Spiral Arms. (7 Lectures) 

 

Large scale structure & expanding universe: Cosmic Distance Ladder (An Example 

from Terrestrial Physics, Distance Measurement using Cepheid Variables), Hubble’s 

Law (Distance- Velocity Relation), Clusters of Galaxies (Virial theorem and Dark 

Matter). (10 Lectures) 

 

 



 

                      Reference Books: 

 Modern Astrophysics, B.W. Carroll & D.A. Ostlie, Addison-Wesley Publishing Co. 

 Introductory Astronomy and Astrophysics, M. Zeilik and S.A. Gregory, 4th 

Edition, Saunders College Publishing. 

 The physical universe: An introduction to astronomy, F.Shu, Mill Valley: 

University Science Books. 

 Fundamental of Astronomy (Fourth Edition), H. Karttunen et al. Springer 

 K.S. Krishnasamy, ‘Astro Physics a modern perspective,’ Reprint, New Age 

International (p) Ltd, New Delhi,2002. 

 Baidyanath Basu, ‘An introduction to Astro physics’, Second printing, Prentice - 

Hall of India Private limited, New Delhi,2001. 

 Textbook of Astronomy and Astrophysics with elements of cosmology, V.B. 

Bhatia, Narosa Publication. 
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                    Course Code: PAS 320 

Course Name: NANOSCIENCE AND TECHNOLOGY 

(Credits: Theory-04, Practicals-02) 

Theory: 60 Lectures 

NANOSCALE SYSTEMS: Length scales in physics, Nanostructures: 1D, 2D and 3D 

nanostructures (nanodots, thin films, nanowires, nanorods), Band structure and density 

of states of materials at nanoscale, Size Effects in nano systems, Quantum confinement: 

Applications of Schrodinger equation- Infinite potential well, potential step, potential 

box, quantum confinement of carriers in 3D, 2D, 1D nanostructures and its 

consequences. (10 Lectures) 

 

SYNTHESIS OF NANOSTRUCTURE MATERIALS: Top down and Bottom up 

approach, Photolithography. Ball milling. Gas phase condensation. Vacuum deposition. 

Physical vapor deposition (PVD): Thermal evaporation, E-beam evaporation, Pulsed 

Laser deposition. Chemical vapor deposition (CVD). Sol-Gel. Electro deposition. Spray 

pyrolysis. Hydrothermal synthesis. Preparation through colloidal methods. MBE growth 

of quantum dots. (8 Lectures) 

 
CHARACTERIZATION: X-Ray Diffraction. Optical Microscopy. Scanning Electron 

Microscopy. Transmission Electron Microscopy. Atomic Force Microscopy. Scanning 

Tunneling Microscopy. (8 Lectures) 

 
OPTICAL PROPERTIES: Coulomb interaction in nanostructures. Concept of 

dielectric constant for nanostructures and charging of nanostructure. Quasi-particles and 

excitons. Excitons in direct and indirect band gap semiconductor nanocrystals. 

Quantitative treatment of quasi-particles and excitons, charging effects. Radiative 

processes: General formalization-absorption, emission and luminescence. Optical 

properties of heterostrctures and nanostructures. (14 Lectures) 

 
ELECTRON TRANSPORT: Carrier transport in nanostrcutures. Coulomb blockade 

effect, thermionic emission, tunneling and hoping conductivity. Defects andimpurities: 

Deep level andsurface defects. (6 Lectures) 

 
APPLICATIONS: Applications of nanoparticles, quantum dots, nanowires and thin 

films for photonic devices (LED, solar cells). Single electron transfer devices (no 

derivation). CNT based transistors. Nanomaterial Devices: Quantum dots heterostructure 

lasers, optical switching and optical data storage. Magnetic quantum well; magnetic 

dots-magnetic data storage-Micro Electromechanical Systems (MEMS), Nana  

Electromechanical Systems (NEMS).                                                                                                                              

 

                                                                                                                   (14 Lectures) 

 

Reference books: 

 C.P. Poole, Jr. Frank J. Owens, Introduction to Nanotechnology (Wiley India Pvt. 

Ltd.). 

 S.K. Kulkarni, Nanotechnology: Principles & Practices (Capital Publishing Company) 

 K.K. Chattopadhyay and A. N. Banerjee, Introduction to Nanoscience and 

Technology (PHI Learning Private Limited). 

 Richard Booker, Earl Boysen, Nanotechnology (John Wiley and Sons). 

 M. Hosokawa, K. Nogi, M. Naita, T. Yokoyama, Nanoparticle Technology  



 

 

Handbook (Elsevier, 2007). 

 Introduction to Nanoelectronics, V.V. Mitin, V.A. Kochelap and M.A. Stroscio, 

2011, Cambridge University Press. 

 Bharat Bhushan, Springer Handbook of Nanotechnology (Springer-Verlag, Berlin, 

2004). 
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Course Code: PAS 320 L 

Course Name: NANOSCIENCE AND TECHNOLOGY 

Practical: 60 Lectures 

 

 
1. Synthesis of metal nanoparticles by chemical route. 

2. Synthesis of semiconductor nanoparticles. 

3. Surface Plasmon study of metal nanoparticles by UV-Visible spectrophotometer. 

4. XRD pattern of nanomaterials and estimation of particle size. 

5. To study the effect of size on color of nanomaterials. 

6. To prepare composite of CNTs with other materials. 

7. Growth of quantum dots by thermal evaporation. 

8. Prepare a disc of ceramic of a compound using ball milling, pressing and 

sintering, and study its XRD. 

9. Fabricate a thin film of nanoparticles by spin coating (or chemical route) and 

study transmittance spectra in UV-Visible region. 

10. Prepare a thin film capacitor and measure capacitance as a function of 

temperature or frequency. 

 

Reference Books: 

 C.P. Poole, Jr. Frank J. Owens, Introduction to Nanotechnology (Wiley India Pvt. 

Ltd.). 

 S.K. Kulkarni, Nanotechnology: Principles & Practices (Capital Publishing 

Company). 

 K.K. Chattopadhyay and A.N. Banerjee, Introduction to Nanoscience & 

Technology (PHI Learning Private Limited). 

 Richard Booker, Earl Boysen, Nanotechnology (John Wiley and Sons) 

 

 

 

----------------------------------------------------------------------------------------------------------- 
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