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M.Sc. (Physics-Energy) Semester Scheme-2013-14 

 

Semester-I 

 

 

Paper Course 

Code 

Contact 

hours/ 

week 

Credit Marks Internal 

 

External 

 

1. Mathematical methods in 

Physics 

PHY101 4 4 100 20 80 

2. Classical Mechanics PHY102 4 4 100 20 80 

3. Quantum Mechanics-I  PHY103 4 4 100 20 80 

4. Advanced Electronics  PHY104 4 4 100 20 80 

5. Computer Oriented 

Numerical Methods 

PHY105 4 4 100 20 80 

6. Physics Laboratory-I PHY111 12 6 150 30 120 

TOTAL  32 26 650 130 520 

 

 

 

Semester-II 

 

 

Paper Course 

Code 

Contact 

hours/ 

week 

Credits Marks Internal 

 

External 

 

1. Statistical Mechanics PHY201 4 4 100 20 80 

2. Classical Electrodynamics -I PHY202 4 4 100 20 80 

3. Quantum Mechanics-II  PHY203 4 4 100 20 80 

4. Atomic & Molecular Physics PHY204 4 4 100 20 80 

5.  Energy-I PHY205 4 4 100 20 80 

6. Physics Laboratory-II PHY211 12 6 150 30 120 

  32 26 650 130 520 

 

Six week training/project during May-June and the assessment will be in semester III.   
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Semester III 

 

 

 

Paper Course 

Code 

Contact 

hours/ 

week 

Credits Marks Internal 

 

External 

 

1. Nuclear Physics - I PHY301 4 4 100 20 80 

2. Classical Electrodynamics - 

II 

PHY302 4 4 100 20 80 

3. Solid State Physics-I PHY303 4 4 100 20 80 

4. Project PHY304 4 4 100 20 80 

5. Energy-II PHY305 4 4 100 20 80 

6. Physics Laboratory –III PHY311 12 6 150 30 120 

  32 26 650 130 520 

 

 

 

 

Semester IV 

 

 

 

Paper Course 

Code 

Contact 

hours/ 

week 

Credits Marks Internal 

 

External 

 

1. Nuclear Physics-II PHY401 4 4 100 20 80 

2. Solid state Physics PHY402 4 4 100 20 80 

3. Lasers Physics PHY403 4 4 100 20 80 

4. Project PHY404 4 4 100 20 80 

5. Energy-III PHY405 4 4 100 20 80 

6. Physics Laboratory-IV PHY411 12 6 150 30 120 

  32 26 650 130 520 

 

 

GRAND TOTAL       2600 
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PHY 101- Mathematical methods in Physics 

 
Unit-I 

Introduction to tensors, Symmetries and groups, Multiplication table and representations, 

Introductory group theory: SU(2), O(3), Series solution method, solutions and basic properties 

like orthogonality, recurrence relations, graphical representation and generating functions of 

Bessel’s, Hermite’s Legendere’s, Laguerre’s and associated Legendere functions 

Unit-II 

Analytic function and the Cauchy-Riemann equations, Cauchy’s integral theorem, Taylor’s and 

Laurent series, Cauchy’s residues theorem, singular points, poles,  residues, evaluation of 

definite integrals 

Unit-III 

Fourier series, Fourier integral, Fourier Transform, Fourier sine and cosine transform, inversion 

formula for Fourier sine and cosine transforms, change of scale property, shifting theorem, 

multiple Convolution theorem, Fourier transform of the derivatives of a function 

Unit-IV 

Laplace transforms, first and second shifting theorems, inverse Laplace transform-first and 

second shifting theorems, Laplace transform and inverse Laplace transform of derivative and 

integral of function, Convolution theorem 

 

Text/Reference books: 

1. Introduction to Mathematical Physics by Charlie Harper (PHI), 1972. 

2. Applied Mathematics for Engineers and Physicists by Louis A. Pipes and Lawrence R. 

Harvill, (Third Edition, McGraw-Hill Book Company), 1970. 

3. Advanced Engineering Mathematics by E Kreyszig (John-Wiley), 1983. 

4. Mathematical Physics by Eygene Butkov (Addison-Wesley Publishing Company), 1968. 

5. Mathematical Methods in Physics By Arfken and Weber, (Academic Press, 5
th

 Ed.), 

2001. 

6. Complex Variables & Functions: Churechill, Brown, Varchy 

7. Mathematical Methods: Potter &Goldberg 

 

PHY 102- Classical Mechanics 

 
Unit-I 

Holonomic and nonholonomic constraints: Principle of Least Action, Lagrange's equation and 

its applications,  D-Alembert's Principle, Generalized,coordinates, Lagrangian, Symmetry and 

Conservation laws, Central field problems, Scattering cross-section, Rutherford Formula, 

Laboratory and CM Frame, two body problem, Kepler problem, Small oscillations, normal 

coordinates and its applications, Orthgonal transformation, Coupled Oscillators, Free forced and 

parametric oscillations, Generalized momentum, Legendre transformation. 

Unit-II 

Hamiltonian, Hamilton's Canonical equations, Canonical transformations, Hamilton's variational 

principle, Derivation of Lagrange's and Hamiltonian, Extension of Hamilton's Principle for 

nonconservative and nonholonomic systems, Method of Lagrange's multipliers 

Canonical transformation, integral in variants of poincare: Lagrange's and Poisson brackets 

as canonical invariants, Equation of motion in Poisson bracket formulation, Infinitesimal contact 
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transformation and generators of symmetry, Liouville's theorem, Hamilton-Jacobi equation and 

its applications 

Unit-III 

Action angle, variable adiabatic invariance of action variable : The Kepler problem in action 

angle variables, Eulerian angles, Euler theorem, Eigen values of the inertia tensor, Euler 

equations, Force free motion of a rigid body, Rigid body dynamics- moment of inertia tensor, 

non-inertial force, Psuedo Force, Coriolis Force. 

Unit-IV 

Special theory of relativity- Lorentz transformations, Four Vector Formulation, Lagrangian and 

Hamiltonian of a charged particle in presence of EM Fields, Field transformations, relativistic 

kinematics and mass–energy equivalence. 

 

Text/Reference books: 

1. Mechanics by Landau & Lifshitz 

2. Classical Mechanics by H Goldstein (Addison Wesley), 1980. 

3. Mechanics by A Sommerfeld (Academic Press), 1952. 

4. Classical Mechanics by Puranics, Tata Mc Graw Hill. 

5. Classical Mechanics: A. Ray Chaudhary. 

 

 

PHY 103- Quantum Mechanics 
 

Unit-I 

Basic Formulation of Quantum Mechanics: Superposition of amplitudes, States of a quantum 

mechanical system, representation of quantum mechanical states, properties of quantum 

mechanical amplitude, operators and change of state, postulates, essential definitions and 

commutation relations, quantum conditions and uncertainty relation, Co-ordinate and momentum 

representation of operator & position, momentum and angular momentum, time dependence of 

expectation values, the time evolution of wave function, Schrodinger equation, 1-D, 2-D and 3-D 

Potential Box and Simple Harmonic Oscillators, Energy quantization. 

Unit-II 

Hamiltonian matrix and the time evolution of Quantum mechanical States: Hermiticity of 

the Hamiltonian matrix, Time independent perturbation of an arbitrary system, simple matrix 

examples of time independent perturbation, energy states of a two state system, Ammonia 

molecule as an example of two state system diagonalizing of energy matrix, Pauli matrices. 

Unit-III 

Time dependent Perturbation: Transitions in a two state system, The Fermi Golden rule, phase 

space, emission and absorption of radiation, induced dipole transition and Spontaneous emission 

of radiation, energy width of a quasi stationary state 

Unit-IV 

Symmetries and Angular momentum: Compatible observables and constants of motion, 

symmetry transformation and conservation laws, invariance under space and time translations 

and space rotation, Angular momentum operators and, their eigen values, matrix representations 

of the angular momentum operators and their eigen states, composition of angular momentum, 

Clebsch- Gordon coefficients tensor operators and Winger Eckart theorem, commutation 

relations of Jx, Jy, Jz with reduced spherical tensor operator. 
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Text/Reference books: 

 

1. Quantum Mechanics by L I Schiff (Mcgraw-Hill), III ed., 1968 

2. Quantum Mechanics Theory and Applications by A. K. Ghatak and S. Lokanathan (Third 

Edition, 1997, Mcmillan India Limited) 

3. Quantum Mechanics: A modern approach by Ashok Das and A.C. Milissionos (Gordan 

and Breach Science Publishers),1992. 

4. Quantum Mechanics An Introduction by Walter Grenier (Third ed., 1994, Springer) 

5. Modern Quantum Mechanics by J.J. Sakurai (Addison-Wesley, 1999) 

6. Quantum Physics (atoms, molecules…) R. Eisberg and R. Resnick (J. Wiley), 2005. 

7. Quantum Mechanics by P. A. M Dirac 

8. Quantum Mechanics by Merzbekar 

9. Quantum Mechanics: Non relativistic theory: L.D. Landau & E. M. Lifshitz 

10. Quantum Mechanics: Thankapann (New Age International publication). 
 

PHY 104- Advanced Electronics 

 
Unit-I 

Intrinsic and Extrinsic Semiconductors, mobility and conductivity, Direct and Indirect 

semiconductors, diffusion, the continuity equation, four probe method of resistivity 

measurement, homo- and hetero-junction, junction breakdown, types of diodes, load line 

concept, Biasing of BJT, Junction field effect transistor (FET) and MOSFET. 

Unit-II 

Opto-electronic devices: Solar cells, photo-detectors, Surface Emitter LEDs, Edge Emitter LEDs, 

Semiconductor LASER, Heterostructure LASERs, Operational amplifiers and their applications 

like adder, subtractor, comparators and waveform generator, A/D and D/A converters. 

Unit-III 

Digital Electronics: The transistor as a switch, circuit Realisation of OR,AND,NOT, NOR and 

NAND gates, Exclusive OR gate, Boolean algebra - Demorgan's theorems Adder, Subtractor, 

Comparator, Decoder / Demultiplexer ,Data selector/ multiplexer –Encoder 

Unit-IV 

Sequential Logic: Flip -Flops: one-bit memory, The RS Flipflop, JK Flip- Flop, JK master slave 

Flip -Flops, T Flip -Flop, D Flip- Flop, Shift resisters - syncronous and asynchronous counters- 

cascade counters, Binary counter, Decade counter, Basic concepts about fabrication and 

characteristics of integrated circuits 

 

Text/Reference Books: 

 

1. Integrated Electronics by J. Millaman and C. Halkias, (McGraw Hill, New York), 1972 

2. Electronic Devices and circuits by Malvino 

3. Solid State Electronic Devices and Integrated Circuits by Ben. G. Sterectman, (Prentice 

Hall Inc.), 1995. 

4. Physics of Semiconductors Devices by S.M. Sze (John Wiley & Sons), 1999. 

5. Digital Principles and Applications by C. P. Malvino and D. P. Leach, Mc-Graw Hill, 

1985.  
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6. Digital logic and computer design by M. M. Mano, Tata Mc-Graw Hill. 

7. Digital Integrated Circuits by Taub and Shilling, Tata Mc-Graw Hill  

8. Digital Fundamentals by Floyd, Mc-Graw Hill. 

 

 

PHY105- Computer Oriented Numerical Methods 

 
Unit-I 

Source of error, Round off error, Computer Arithmetic, Error Analysis, condition and stability, 

Approximation, Functional and Error analysis, the method of undetermined Coefficients, Use of 

interpolation formula, Forward  and Backward difference formulae, Lagrange's Interpolation 

formula, Iterated interpolation, Inverse interpolation. 

Unit-II 

Linear ordinary differential equations, Second-order homogeneous and nonhomogeneous 

differential equations with constant and variable coefficients, Numerical Integration and 

Differentiation, Trapezoidal & Simpson's rule, Runga-Kutta method, Simultaneous and Higher 

order equations, System of first order Ordinary Differential Equations. 

Unit-III 

Bisection method, Newton-Raphson Method, Solution of Linear equations, Curve fitting, Least 

squares approximation, Linear Vector spaces, matrix spaces, linear operators, Eigen vectors and 

Eigen Values, Caley Hamilton theorem, special matrices. 

Unit-IV 

CPU, Memory, Input/ Output devices, Super, Mini and Micro systems, MS-DOS operating 

system, High Level Languages, Interpreter and Compiler, Programming: Algorithm and 

Flowchart, Introduction to FORTRAN/MATLAB. 

 

Text/Reference Books: 

1.   Computer Oriented Numerical Methods: Raja Raman V., (Prentice Hall), 1988. 

2.   Computer Based Numerical Algorithms: Krishnamurthy E.V., (East West Press) 

4.   Elementary Numerical Analysis: Conte de Boor. 

5.   Statistical Analysis: A Computer Oriented Approach: Affi A.A., Academic Press,  

6.   Introduction  to  Data Analysis and  Statistical  Inference : Morris C., Rolpn J., Prentice 

Hall, 1981. 

8.   Introduction  to Numerical Analysis: Atkinson E.,  John  Wiley  1978. 

9.   Elementary  Computer  Assisted Statistics  :  Scalzo  F.,  Von Nostrand Reinhod Co. 

Ltd.1978. 

10.  Essential Computer Mathematics : Seymour  Lipshutz,  Schaum's Outline Series, McGraw 

Hill 

11.    Introductory Methods of Numerical Analysis : S.S.Sastry. 
12.    A first course in Numerical Analysis: A. Ralston & P. Rabinowitz (Me Graw Hill 1985). 
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PHY201- Statistical Mechanics 

 
Unit-I 

Basic Principles, Canonical and Grand Canonical ensembles: Concept of statistical 

distribution, phase space, density of states, Liouville's theorem, systems and ensemble, entropy 

in statistical mechanics Connection between thermodyanic and statistical quantities, micro 

canonical ensemble, equation of state, specific heat and entropy of a perfect gas, using micro-

canonical ensemble, Canonical ensemble, thermodynamic functions for the canonical ensemble, 

calculation of mean values, energy fluctuation in a gas, grand Canonical ensemble, 

thermodynamic functions for the grand canonical ensemble, density fluctuations 

Unit-II 

Partition functions and Statistics: Partition functions and Properties, partition function for an 

ideal gas and calculation of thermodynamic quantities, Gibbs Paradox, validity of classical 

approximation, determination of translational, rotational and vibrational contributions to the 

partition fimction of an ideal diatomic gas, Specific heat of a diatomic gas, ortho and para 

hydrogen,  Identical particles and symmetry requirement, difficulties with Maxwell-Boltzmann 

statistics,quantum distribution functions, Bose-Einstein and Fermi-Dirac statistics, Boson 

statistics and Planck's formula, Bose Einstein condensation, liquid He
4
 as a Boson system, 

quantization of harmonic oscillator and creation and annihilation of Phonon operators, 

quantization of fermion operators 

Unit-III 

Landau theory of phase transition, Critical indices, Scale transformation and dimensional 

analysis, Correlation of space-time dependent fluctuations, Fluctuations and transport 

phenomena, Random walk and Brownian motion, Langevin theory, fluctuation dissipation 

theorem, The Fokker-Planck equation. 

Unit-IV 

Theory of Metals: Fermi- Dirac distribution function, density of states, temperature dependence 

of Fermi energy, specific heat, use of Fermi- Dirac statistics in the calculation of thennal 

conductivity and electrical conductivity, Widemann -Franz ratio, susceptibility, width of 

conduction band, Drude theory of light, absorption in metals 

 

Text and Reference books: 

1. Fundamentals of Statistical and Thermal Physics by F. Reif (McGraw-Hill Kogakusha), 

Information Ed., 1985 

2. Statistical Physics by Landau and Lifshitz (Butterworth-Heinemann), Oxford, UK, 2005 

3. Statistical Physics by K Huang, (John Wiley), 2004 

4. Statistical mechanics by R. K. Pathria, (Elsevier), India, 2005 

 

 

PHY202- Classical Electrodynamics 

 
Unit-I 

Electrostatics: Electric field, Gauss law, Differential form of Gauss law, another equation of 

electrostatics and the scalar potential, surface distribution of charges and dipoles and 

discontinuties in the electric field and potential, Poisson and Laplace equations, Green's 

Theorem, Uniqueness of the solution with Dirichlet or Neumann Boundary conditions, Formal 
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so1ution of Electrostatic Boundary value problem with Green's Function, Electrostatic potential 

energy and energy density, capacitance. 

Boundary Value Problems in Electrostatics: Methods of Images, Point charge in the presence 

of a grounded conducting sphere point charge in the presence of a charge insulated conducting 

sphere, Point charge near a conducting sphere at fixed potential, conducting sphere in a uniform 

electric field by method of images 

 

Unit-II 

Green function for the sphere, General solution for the potential, Conducting sphere with 

Hemispheres at different potential, orthogonal functions and expansion, Multipoles, 

Electrostatics of Macroscopic Media Dielectrics: Multiple expansion, multipole expansion of 

the energy of a charge distribution in an external field, Elementary treatment of electrostatics 

with permeable media, Boundary value problems with dielectrics, Molar polarizability, and 

electric susceptibility, Models for molecular polarizability, Electrostatic energy in dielectric 

media 

Unit-III 

Magnetostatics: Introduction and definition, Biot & Savart’s law, the differential equation of 

magnetostatics and Ampere's law, Vector potential and Magnetic induction for a circular current 

loop, Magnetic fields of a localized current distribution, Magnetic moment, Force and torque on 

and energy of a localized current distribution in an external magnetic induction, Macroscopic 

equations, Boundary conditions on B and H, Methods of solving Boundary-value problems in 

magnetostatics, Uniformly magnetized sphere, Magnetized sphere in an external field, 

Permanent magnets, Magnetic shielding, spherical shell of permeable material in an uniform 

field 

Unit-IV 

Time varying fields, Maxwell's equations and Conservation Laws: Energy in a magnetic 

field, Vector and Scalar potentials, Gauge transformations, Lorentz gauge, Coulomb gauge, 

Green functions for the wave equation, Derivation of the equations of Macroscopic 

Electromagnetism, Poynting’s theorem and conservations of energy and momentum for a system 

of charged particles and EM fields, Conservation laws for macroscopic media, Electromagnetic 

field tensor, Transformation of four potentials and four currents, Tensor description of Maxwell's 

equation 

 

 

Text/Reference books: 

1. Classical clectrodynamics by J.D. Jackson, (John Wiley & Sons), II Ed., 1975. 

2. Classical Electricity and Magnetism by Panofsky & Philips, (Indian Book, New 

Delhi), 1962. 

3. Introduction to Electrodynamics by Griffiths, (Pearson Education), 2005. 

4. Classical theory of Electrodynomics by Landau &Lifshitz, (Pergaman Press, New 

York), 1960. 

5. Electrodynamics of Continuous Media by Landau & Lifshitz, (Pergaman Press New 

York), 1960. 

6. Elements of Electromagnetics by Mathew N.O. Sadiku, (Oxford Univ. Press), II ed., 

1999. 

 



9 
 

PHY203- Advanced Quantum Mechanics 

 
Unit-I 

Scattering (non-relativistic): Differential and total scattering cross section, transformation from 

CM frame to Lab frame, solution of scattering problem by the method of partial wave analysis, 

expansion of a plane wave into a spherical wave and scattering amplitude, the optical theorem, 

Applications-Scattering from a delta potential, square well potential and the hard sphere 

scattering of identical particles, energy dependence and resonance scattering, Breit-Wigner 

formula, quasi stationary states, The Lippman-Schwinger equation and the Green's function 

approach for scattering problem, Born approximation and its validity for scattering problem, 

Coulomb scattering problem under first Born approximation in elastic scattering 

Unit-II 

Relativistic Formulation and Dirac Equation: Attempt for relativistic formulation of quantum 

theory, The Klein-Gordon(KG) equation, Probability density and probability current density, 

solution of free particle KG equation in momentum representation, interpretation of negative 

probability density and negative energy solutions, Dirac equation for a free particle, properties of 

Dirac matrices and algebra of gamma matrices, non-relativistic correspondence of the Pauli 

equation (inclusive of electromagnetic interaction), Solution of the free particle, Dirac equation, 

orthogonality and completeness relations for Dirac spinors, interpretation of negative energy 

solution and hole theory 

Unit-III 

 Symmetries of Dirac Equation: Lorentz covariance of Dirac equation, proof of covariance and 

derivation of Lorentz boost and rotation matrices for Dirac spinors, Projection operators 

involving four momentum and spin, Parity (P), Charge, Conjugation(C), time reversal (T) and 

CPT operators for Dirac spinors, Bilinear covariant, and their transformations behaviour under 

Lorentz transformation, P,C,T and CPT, expectation values of coordinate and velocity, involving 

only, positive energy solutions and the associated problems, inclusion of negative energy 

solution, Zitter bewegung, Klain paradox 

Unit-IV 

The Quantum Theory of Radiation: Classical radiation field, transversality condition, Fourier 

decomposition and radiation oscillators, Quantization of radiation oscillator, creation, 

annihilation and number operators, photon states, photon as a quantum mechanical excitations of 

the radiation field, fluctuations and the Uncertainty relation, validity of the classical description, 

matrix element for emission and absorption, spontaneous emission in the dipole approximation, 

Feynman Rules of QED and Feynman diagrams of Compton Scattering, Pair Production 

Thomson scattering. 

 

Text/Reference books: 

1. Quantum Mechanics by L I Schiff (Mcgraw-Hill), III ed., 1968 

2. Quantum Mechanics Theory and Applications by A. K. Ghatak and S. Lokanathan 

(Mcmillan India Limited), Third Edition, 1997,  

3. Quantum Mechanics: A modern approach by Ashok Das and A.C. Milissionos (Gordan 

and Breach Science Publishers),1992. 

4. Quantum Mechanics An Introduction by Walter Grenier (Springer ),Third ed., 1994. 

5. Modern Quantum Mechanics by J.J. Sakurai (Addison-Wesley), 1999. 

6. Quantum Physics (atoms, molecules…) R. Eisberg and R. Resnick (J. Wiley),2005. 



10 
 

7. Quantum Field Theory by F. Mandal & G. Shaw (John –Willey),1992. 

8. Relativistics Quantum Mechanics -Bjorken &Drell (Mc Graw hill) 

9. Quantum mechanics-Thankpapn V.K.(Wiley Eastern ltd. New Delhi) 

10. Elements of Advance Quantum Theory- J.M. Ziman (Cambridge University Press) 

 

 

PHY204- Atomic & Molecular Physics 

 
Unit-I 

Hydrogen Atom : Gross structure energy spectrum, probability distribution of radial and 

angular (l =1,2) wave functions (no derivation), effect of spin, relativistic correction to energy 

levels and fine structure, magnetic dipole interaction and hyperfine structure, the Lamb shift 

(only an qualitative description) 

 

Unit-II 

Interaction with External Fields: Atom in a weak uniform external electric field and first and 

second order Stark effect, calculation of the polarizability of the ground state of H-atom and of 

an isotropic harmonic oscillator, Linear Stark effect for H-atom levels, spin-orbit interaction, 

Zeeman Effect, Paschen Back effect. 

Unit-III 

Systems with Identical Particles: Indistinguishability and exchange symmetry, many particle 

wave functions and Pauli's exclusion principle, spectroscopic terms for atoms, The Helium atom, 

Variational method and its use in the calculation of ground state and excited state energy, Helium 

atom, The Hydrogen molecule, Heitler-London method for molecule, WKB method for one 

dimensional problem, application to bound states (Bohr-Sommerfeld quantization) and the 

barrier penetration -alpha decay. 

Unit-IV 

Spectroscopy (qualitative) : General features of the spectra of one and two electron system, 

singlet, doublet and triplet characters of emission spectra, general features of Alkali spectra, 

rotation and vibration band spectrum of a molecule, PQ and R branches, general features of 

electronic spectra, Frank & Condon's principle, Born-Oppenheimer approximation, Electronic, 

rotational and vibrational spectra of diatomic molecules, Raman spectra for rotational and 

vibrational transitions, comparison with infra red spectra, Selection rules. 

 

Text/Reference books: 

 

1. Introduction to Atomic Spectra by H. E. White 

2. Spectra of diatomic molecules by G. Herdetzberg 

3. Spectroscopy Vol. I, II, & III by Walker & Straughen 

4. Atomic Spectra by Kuhn. 

5. Molecular Spectroscopy By M. Bennwell, Tata McGraw Hill Publication. 

6. Elementary Atomic Structure: G.R.Woodgate 
7. Quantum Physics (atoms, molecules…) R. Eisberg and R. Resnick (J. Wiley),2005 
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PHY 205-Energy I 
 
Unit I 

Introduction to energy resources, Classification of energy sources, Introduction to technology 

related to harnessing of energy sources (coal, oil, natural gas, geothermal, tidal, nuclear energy, 

solar, wind, hydropower, biomass), impacts on environment due to conventional and non-

conventional sources of energy. Concepts of Bio-energy: Photosynthesis process, biomass, 

biofuel, importance, production and applications of bio-fuels. Anaerobic digestion. 

Themochemical conversion: Liquification, gasification, pyrolysis and combustion. 

Unit II 

Fundamentals of Engineering Thermodynamics: Energy, heat and work, mechanical equivalent 

of heat, first law of thermodynamics, second law of thermodynamics (control mass, control 

volume systems and steady state steady flow processes).Thermodynamic power cycles, Carnot 

vapor cycle, Rankine vapor cycle, refinement of Rankine cycle, Otto cycle, Internal Combustion 

engines-classification, engine parts and functions, Vapor absorption and vapor compression 

refrigeration cycles. 

Unit III 
Electrical Energy: Electrical loads (resistive, capacitive and inductive), phasor diagrams, single 

and three phase AC, star and delta connections. Basic principles of Transformers, DC and AC 

generators, alternators, DC motor, single and three phase motors. 

Unit IV 

Hydrogen Fuel, Fundamentals and use, hydrogen fuel cells, production of hydrogen from 

hydrocarbons (Steam Methane reforming), use of solar energy to produce hydrogen (active and 

passive methods), hydrogen separation and purification. Hydrogen transmission in pipelines and 

storage in pressurized and cryogenic tanks, hydrogen storage in metal hydrides and carbon 

materials, hydrogen safety. 
 

Text/References Books: 

 

1. Renewable Energy: Power for a sustainable future edited by Godfrey Boyle. 

2. Problems and solutions: Energy Studies, W. Shepherd, D. W. Shepherd (Imperial College 

Press) 

3. D. D. Hall & R. P. Grover, Biomass Renewable Energy John Wiley, New York, 1987. 

4.  Dictionary of Energy : Cleveland and Morris (Elsevier) 

5. J. M. Fowler, Energy & Environment, 2
nd

 Edn. McGraw Hill New York, 1984. 

6. Energising our future : Rational choices for the 21st Century – John R. Wilson, Griffin Burgh ( 

Wiley). 

7. Renewable Energy: M. Kaltschmit, W. Streicher, A. Wiese, Springer 2007. 

8. Energy Management Handbook, W.C. Turner, S. Doty, CRC Press, 2006. 

9. Hydrogen Production Storage, Ram B. Gupta, CRC Press. 

10. Fundamentals of electric circuit: Alexander & Sadiku, Tata McGraw Hill. 

11. Thermodynamic: An Engineering Approach: T.A. Cengel & Boles (McGraw Hill). 

12. Energy for a sustainable world: Jose Goldenberg, Thomas Johansson, A.K.N.Reddy, Robert 

Williams (Wiley Eastern). 
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PHY301- Classical Electrodynamics-II 
 

Unit-I 

Plane Electromagnetic Waves and Wave Equation : Plane waves in a nonconducting medium, 

Frequency dispersion characteristics of dielecttics, conductors and plasmas, waves in a 

conducting or dissipative medium, superposition of waves in one dimension,group velocity, 

casualty connection between D and E, Kramers-Kroning relation 

Unit-II 

Magnetohydrodynamics and Plasma Physics : Plasma Physics, Introduction of Lab and Space 

plasma, Plasma Parameters, Debye Length, Electron and Ion Temperature, Electron and Ion 

Number Density, Characteristic Frequencies, Plasma Frequencies, Cyclotron Frequencies, 

Plasma Waves and Oscillations, Modes of a Cold, Warm and Hot Plasmas, Effect of Magnetic 

Field on Plasma Dispersion Characteristics, Pinch effect, Instabilities ~ Hydrodynamic and 

Velocity Space, Linear and non-linear phenomena, MHD equations. 

Unit-III 

Covariant Form of Electrodynamic Equations : Mathematical properties of the space-time 

special relativity, Invariance of electric charge covariance of electrodynamics, Transformation of 

electromagnetic fields, Radiation by moving charges : Lienard-wiechert Potentials for a point 

charge, Total power radiated by an accelerated charge, Larmour's formula and its relativistic 

generalization, Angular distributionof radiation emitted by an accelerated charge, Radiation 

emitted by a charge in an arbitrary ultra relativistic motion, Distribution in frequency and angle 

of energy radiated by accelerated charges, Thomson scattering and radiation, Scattering by quasi 

free charges, coherent and incoherent scattering, Cherenkov radiation 

Unit-IV 

Radiation damping, self fields, of a particle, scattering and absorption of radiation by a 

bound system: Introductory considerations, Radiative reaction force from conservation of 

energy, Abtaham Lorentz evaluation of the self force, difficulties with Abraham Lorentz 

model,Integro-differential equation of motion including radiation damping,, Line Breadth 

and level shift of an oscillator, Scattering and absorption of radiation by an oscillator, Energy 

transfer to a harmonically bound charge 

 

Text/Reference books: 

 

1. Classical clectrodynamics by J.D. Jackson, (John Wiley & Sons), II Ed., 1975. 

2. Classical Electricity and Magnetism by Panofsky & Philips, (Indian Book, New Delhi), 

1962. 

3. Introduction to Electrodynamics by Griffiths, (Pearson Education), 2005. 

4. Classical theory of Electrodynomics by Landau &Lifshitz, (Pergaman Press, New York), 

1960. 

5. Electrodynamics of Continuous Media by Landau & Lifshitz, (Pergaman Press New 

York), 1960. 

6. Elements of Electromagnetics by Mathew N.O. Sadiku, (Oxford Univ. Press), II ed., 

1999. 
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PHY302- Nuclear Physics-I 

 
Unit-I 

Basic nuclear properties: size, shape and charge distribution, spin and parity, Binding energy, 

semi-empirical mass formula, liquid drop model, Two Nucleon system and Nuclear Forces, 

General nature of the force between nucleons, saturation of nuclear forces, charge independence 

and spin dependence, General forms of two nucleon interaction, central, non-central and velocity 

dependent potentials, Analysis of the ground state (3S1) of deuteron using a square well 

potential, range-depth relationship, excited states of deuteron, quantitative discussion of the 

ground state of deuteron under non-central force, calculation of the electric quadrupole and 

magnetic dipole moments and the D-state admixture 

Unit-II 

Nucleon-Nucleon Scattering and Potentials: Partial wave analysis of the neutron-proton 

scattering at low energy assuming central potential with square well shape, concept of the-

scattering length, coherent scattering of neutrons by protons in ortho and Para hydrogen 

molecules, conclusions of these analyses regarding scattering lengths, range and depth of the 

potential, the effective range theory and the shape independence of nuclear potential, A 

qualitative discussion of proton proton scattering at low energy: General features of two-body 

scattering at high energy Effect of exchange forces: Phenomemonological Hamada- Johnston 

hard core potential and Reid hard core and soft core potentials, Main features of the One boson 

Exchange Potentials (no derivation). 

Unit-III 

Interaction of radiation and charged particle with matter: Law of absorption and attenuation 

coefficient, Photoelectric effect, Compton scattering, pair production, Energy loss of charged 

particles due to ionization, Bremstrahlung, energy target and projectile dependence of all three 

processes, Range-energy curves, Straggling 

Unit-IV 

Experimental Techniques: Gas filled counters, Scintillation counter, Cerenkov counters, Solid 

state detectors, Surface barrier detectors, Electronic circuits used with typical nuclear detectors, 

Multiwire proportion chambers, Nuclear emulsions, techniques of measurement and analysis of 

tracks, Proton synchrotron, Linear accelerators, Acceleration of heavy ions 

 

 

Text/Reference Books: 

 

1. Nuclear Physics by Irving Kaplan, (Addison Wesley Pub. Co.), 2nd Ed 

2. Nuclear Physics Theory and Experiment by R. R. Roy, B. P. Nigam (New Age 

Internation Pub.), 1997. 

3. Atomic Nucleus by R.D. Evans (McGraw Hill), X ed., 1965 

4. Nuclear Physics by S. N. Ghoshal (S. Chand, New Delhi), 2006 

5. Introduction to Experimental Nuclear Physics by R. M. Singru (Wiley Eastern pvt. Ltd.) 

6. Nuclear Physics: an Introduction by S. B. Patel (Wiley Eastern Ltd.), 1992. 

7. Theoretical Nuclear Physics: J.M. Blatt & V.E. WeissKipf. 

8. Introductory Nuclear theory: -L.R.B. Elton, ELBS Publs. Londan 1959. 

9. Structure of the Nucleus: - M.A. Preston & R.K.Bhaervi, Addision Wesley 

10. Nuclear Physics:- Techniques of Nuclear Structure (vol. I) England 
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11. Introduction to Nuclear Physics:-H.Enge.Addision Wesley 

12. Elements of Nuclear Physics:- W.E.Burcham, ELBS Longman. 

13. Concepts of Nuclear Physics:- B.L. Cohen, Tata Mc Graw Hill,1988. 

14. Nuclei & Particles -E.segre, Benjamin 1972. 

15. Introductory Nuclear Physics:-D.Halliday Willey 1955 

16. Introduction of Nuclear Physics & Chemistry :-Harvey. 

17. The Physics of Nuclear Reactions :-W.M.Gibson,Pergamon Press. 
18. Nuclear Interaction:- S.De Benedetti, Wiley 1955. 

 

 

PHY303-Solid State Physics-I 

 
Unit-I 

Bravais lattices, Reciprocal lattice, Diffraction and the structure factor, Bonding of solids, Ionic, 

Covelent and Metallic bonding, Vaan-der Wall forces, Lattice dynamics of ionic & covalant 

crystals, metals, Analysis of strain, elastic compliance and stiffness constants, elastic energy 

density, elastic stiffness constants of cubic crystals and elastic waves in cubic crystals. 

Unit-II 

Vibration of crystals with monatomic basis, two atoms per primitive basis, quantization of elastic 

waves, phonon momentum, inelastic scattering by phonons, phonon heat capacity, Plank 

distribution, density of states in one and three dimensions, Debye model for density of states, 

Debye T
3
 law, Einstein model, thermal conductivity, phonon-phonon interaction-umklapp 

process, thermal expansion, Phonon dispersion by inelastic scattering of neutrons 

Unit-III 

Nearly free electron model, origin and magnitude of energy gap, Bloch function, Kronig-Penney 

model, wave equation of electron in periodic potential, number of orbitals in a band, band gap in 

semiconductors, equation of motion, Law of mass action, effective mass in semiconductors, 

intrinsic carrier concentration, impurity conductivity, Fermi surfaces, tight bonding method for 

energy gap, De Hass-van Alfen affect. 

Unit-IV 

Ellipsoidal energy surfaces in Si and Ge, Hall effect, recombination mechanism, optical 

transitions and Schockely-Read theory excitons, Defects and dislocations, Ordered phases of 

matter: translational and orientational order, kinds of liquid crystalline order, Quasi crystals 

 

 

Text and Reference Books:  

 

1. Introduction to Solid state Physics by C. Kittel, (John Wiley), VII Ed.,1995. 

2. Solid State Physics by A. J. Dekker, (Macmilam), London, 1965. 

3. Solid state physics by S. O. Pillai, (New Age International Publishers), 2005. 

4. Solid State Physics by Ashkroft and Mermin. 

5. Intermediate Quantum theory of solids- A.D.E.Animalu,(Prentice Hall). 

6. Quantum theory of Soilds- Kittel,(John Wiley). 

7. Soild State Physics Source books- S.P.Parker,(Mc.Graw Hill). 

8. Soild State Physics- Harrison, (Banjamin Press) 

9. Quantum Solid State Physics-S.V.Vonsovsky & M.I.katsnelson,(Springer Verlag). 
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PHY304- Project-I 
The project shall be implemented in III semester but the final submission shall be in IV semester. 

However, a mid-term detailed presentation shall be made by the student with semester end 

examinations and he/she shall present the work plan and the work done till date. 

 

PHY305- Energy II  
 

Unit I 

Solar Thermal Energy Conversion: Solar radiation, liquid flat plate collectors -performance 

analysis, collector efficiency factor, collector heat removal factor, parametric analysis, testing 

procedures, applications, evacuated tube collector. Concentrating collectors: Flat plate collectors 

with reflectors, cylindrical parabolic collector, compound parabolic collector, parabolic dish 

collector, central receiver collector, Solar thermal power generation. 

Unit II 

Solar Photovoltaics (SPV): Silicon material, ribbon silicon, production of junctions, oxidation 

process, high efficiency solar cells, bifacial solar cells, laser fired contact cells, basic components 

of thin film solar cell, Si deposition on glass and high temperature resistant substrates, thin film 

materials- amorphous silicon, copper indium diselenide, tandem cells, organic solar cells, 

Characteristic curves of solar cell, module technology, electrical output properties of solar cells, 

SPV water pumping. 

Unit III 

Wind Power Generation: Physical principles, technical description of generation system, energy 

conversion, losses and characteristic power curve, power control, hybrid systems. 

Unit IV 
Hydroelectric Power Generation: Principles, construction types, system components, energy 

conversion chain, losses and power curve, Energy Storage: Thermal, Chemical, Mechanical and 

Electrical Energy storage. 

 
Text and Reference Books: 

 

1. Physics of solar cells : Peter Wurfel (Wiley- VCH) 

2. Stand Alone Solar Electric Systems :  Mark Hankins (Eartnscan Expert Series) 

3. Solar Domestic Water Heating : Chris Laughton (Earthscan Expert Series). 

4. Principles of Energy Conversion: A.W. Culp. 

5. Direct Energy Conversion: M.A.kettani. 

6. Energy Conversion systems: Begamudre, Rakoshdas. 

7. Renewable Energy Sources and Conversion Techonology: N.K. Bansal, M.K. Kaleemann. 

8. Solar Engineering of Thermal Process: Duffie and Beckman (J. Wiley). 

9. Power Generation Through Renewable Sources of Energy: B.R.Pai,M.S.Ramprasad (Tata 

Mcgraw Hill). 

10. Solar Power Engineering: B.S. Mangal (Tata-Mcgraw Hill). 

11. Wind Energy Explained: Theory, Design and Application, Manwell, McGowan, Rogers 

(Wiley). 

12. Efficient Use of Energy: I.G.C.Dryden (Butterworth Scientific). 



16 
 

13. Photovoltaic Solar Energy Conversion: A. Goetzberger, Springer. 

14. Energy Science: Principles, technologies and impacts: John Andrews & Nick Jelly (Oxford). 
 

 

PHY 401- Nuclear Physics-II 

 
Unit-I 

Nuclear shell model: Single particle and collective motions in nuclei: Assumptions and 

justification of the shell model, average shell potential, spin orbit coupling, single particle wave 

functions and level sequence, magic numbers, shell model predictions for ground state parity, 

angular momentum, magnetic dipole and electric quadrupole moments and their comparison with 

experimental data, configuration mixing, single particle transition probability according to the 

shell model, selection rules, approximate estimates for the transition probability and Weisskopf 

units: Nuclear isomerism,  

Unit-II 

Collective nuclear models: Collective variable to describe the cooperative modes of nuclear 

motion, Parameterization of nuclear surface, A brief description of the collective model 

Hamiltonian (in the quadratic approximation), Vibrational modes of a spherical nucleus, 

Collective modes of a deformed even-even nucleus and moments of, inertia, Collective spectra 

and electromagnetic transition in even nuclei and comparison with experimental data, Nilsson 

model for the single particle states in deformed nuclei 

Unit-III 

Nuclear gamma and beta decay: Electric and magnetic multipole moments and gamma decay 

probabilities in nuclear system (no derivations), Reduced transition probability, Selection rules, 

futernal conversion and zero, Zero transition,  General characteristics of weak interaction, 

nuclear beta decay and lepton capture, electron energy spectrum and Fermi- Curie plot, Fermi 

theory of beta decay (parity conserved selection rules Fermi and Gammaw-Teller) for allowed 

transitions, ft-values, General interaction Hamiltonian for beta decay with parity conserving and 

non conserving terms, Forbidden transitions, Experimental verification of parity violation, The 

V-A interaction and experimental evidence, 

Unit-IV 

Nuclear Reactions: Theories of Nuclear Reactions, Partial wave analysis of reaction Cross 

section, Compound nucleus formation and breakup, Resonance scattering and reaction, Breit-

Wigner dispersion formula for S-waves (l= 0), continuum cross section, statistical theory of 

nuclear reactions, evaporation probability and cross section for specific reactions, The optical 

model, Stripping and pick-up reactions and their simple theoretical description (Butler theory) 

using plane wave Born approximation (PWBA) Short comings of PWBA Nuclear structure 

studies with deuteron stripping (d,p) reactions 

 

Text/Reference books: 

 

1. Nuclear Physics by Irving Kaplan, (Addison Wesley Pub. Co.), 2
nd

 Ed. 

2. Nuclear Physics Theory and Experiment by R. R. Roy, B. P. Nigam (New Age 

Internation Pub.), 1997. 

3. Atomic Nucleus by R.D. Evans (McGraw Hill), X ed., 1965. 

4. Nuclear Physics by S. N. Ghoshal (S. Chand, New Delhi), 2006. 
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5. Introduction to Experimental Nuclear Physics by R. M. Singru (Wiley Eastern pvt. Ltd.) 

6. Nuclear Physics: an Introduction by S. B. Patel (Wiley Eastern Ltd.), 1992. 

7. Theoretical Nuclear Physics: J.M. Blatt & V.E. WeissKipf. 

8. Introductory Nuclear theory: -L.R.B. Elton, ELBS Publs. Londan 1959. 

9. Structure of the Nucleus: - M.A. Preston & R.K.Bhaervi, Addision Wesley 

10. Nuclear Physics:- Techniques of Nuclear Structure (vol. I) England 
11. Introduction to Nuclear Physics:-H.Enge.Addision Wesley 

12. Elements of Nuclear Physics:- W.E.Burcham, ELBS Longman. 

13. Concepts of Nuclear Physics:- B.L. Cohen, Tata Mc Graw Hill,1988. 

14. Nuclei & Particles -E.segre, Benjamin 1972. 

15. Introductory Nuclear Physics:-D.Halliday Willey 1955 

16. Introduction of Nuclear Physics & Chemistry :-Harvey. 

17. The Physics of Nuclear Reactions :-W.M.Gibson,Pergamon Press. 

18. Nuclear Interaction:- S.De Benedetti, Wiley 1955. 

 

 

PHY402- Solid State Physics 

 
Unit-I 

Larmor diamagnetism, Classical & Quantum theory of Paramagnetism, Curie Langevin and 

Quantum theories, Susceptibility of rare earth and transition metals, paramagnetic susceptibility 

of conduction electrons, Ferromagnetism: Domain theory, Weiss molecular field and exchange, 

spin waves, Magnons, dispersion relation and its experimental determination by inelastic 

neutrons scattering, heat capacity. 

Unit-II 

Nuclear magnetic resonance, Line width, hyperfine splitting, Nuclear quadrupole resonance, 

ferromagnetic resonance, Antiferromagnetic resonance, Electron paramagnetic resonance, 

Principle of MASER action. 

Unit-III 

Meissner effect, heat capacity, London’s equation, microwave and infrared properties, isotope 

effect, flux quantization, density of states, nuclear spin relaxation, Types of Superconductors, 

AC and DC Josephson tunneling, Cooper pairs and derivation of BCS Hamiltonian, results of 

BCS theory (no derivation), coherence length field quantization in a superconducting ring, 

duration of persistent current, high temperature superconductors. 

Unit-IV 

Basic theory of X-ray diffraction, Indexing of Debye-Scherer patterns from powder samples, 

Electron microscopes (SEM & TEM), Scanning probe microscopes (SPM), Scanning Tunneling 

microscope, atomic force microscope, Basic principles of X-ray, X-ray absorption fine structure, 

X-ray photo-emission and positron annihilation techniques. 

 

Text and Reference Books:  

 

1. Introduction to Solid state Physics by C. Kittel, (John Wiley), VII Ed.,1995. 

2. Solid State Physics by A. J. Dekker, (Macmilam), London, 1965. 

3. Solid state physics by S. O. Pillai, (New Age International Publishers), 2005. 

4. Solid State Physics by Ashkroft and Mermin. 
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5. Intermediate Quantum theory of solids- A.D.E.Animalu,(Prentice Hall). 

6. Quantum theory of Soilds- Kittel,(John Wiley). 

7. Soild State Physics Source books- S.P.Parker,(Mc.Graw Hill). 

8. Soild State Physics- Harrison, (Banjamin Press) 

9. Quantum Solid State Physics-S.V.Vonsovsky & M.I.katsnelson,(Springer Verlag). 
 

 

PHY403- Laser fundamentals & Applications 

 
Unit-I 

Spontaneous and Stimulated emission, Population inversion, Idea of laser. Gaussian beam and its 

properties, Stable and Unstable Optical Resonators, Longitudinal and Transverse modes of laser 

cavity, Gain in a regenerative laser cavity, Threshold for 3 and 4 level laser systems, Q-switching 

and mode locking – Pulse shorting – nano, pico and femtosecond operation 

Unit-II 

Ruby laser, He-Ne laser, carbon oxide laser, Excimer laser, X-ray laser, Dye laser, Neodymium : 

YAG and Neodymium : glass laser, Fiber laser, Semiconductor laser, Quantum-well laser, Diode 

– Pumped solid state laser 

Unit-III 

Laser fluorescence and Raman scattering, Laser induced multiphoton process, Ultrahigh 

resolution spectroscopy with lasers and its applications, Holography: Construction of hologram 

and reconstruction of the image, Types of Hologram, Medical and Engineering applications of 

lasers, Potential of lasers in defense applications. 

Unit-IV 

Optical Fibers, Light wave communication, Light propagation- total internal reflection, 

Acceptance angle and Numerical aperture. Fiber materials and Fabrication, Fiber cables, 

comparison of Fiber cables with conventional metallic cables, Optical Fibers- step index, single 

and multimode, graded index. Fiber losses and dispersions. 

 

Text/Reference books: 

 

1. Laser Fundamentals by William T. Silfvast (Cambridge University Press), 1998. 

2. Optical Electronics by Ajoy Ghatak and K. Thyagarajan (Cambridge University Press), 

VII Reprint, 2006. 

3. Lasers by Ajoy Ghatak and K. Thyagarajan, (Cambridge University Press) 

4. Lasers by Orazio Svelto, (Springer Science Inc., USA), IV Ed, 1998. 

5. Laser Spectroscopy by W. Demtroder, (Springer-Verlag), Berlin, III Ed., 2003 

6. Optoelectronics: An Introduction, J. Wilson and J.F.B. Hawkes, (Prentice Hall 

International (UK) Limited), II Ed., 1989. 

7. Optoelectronic Devices and Systems by S.C. Gupta, (Prentice Hall India), 2005 

8. Laser Electronics by Joseph T. Verdeyen, (Prentice Hall of India Private Limited), II Ed., 

1993. 

9. Lasers: Principal and Applications by J. Wilson and J.F.B. Hawkes, (Prentice Hall 

International (UK) Limited). 

10. Laser by P.W. Milani, J.H. Eberly, John-Wiley & Sons. 

11. Lasers and Optical Engineering by P.Das, Narosa Publishers. 
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PHY404-Project-II 
 

Final report shall be submitted and sent to the external examiner for evaluation. The student shall 

defend his/her project by presentation in-front of a panel of examiners consisting of one external 

examiner.  

 

PHY405- Energy III 
 

Unit I 
Nuclear reactions : Introduction to fission and fusion nuclear energy, typical reactions. Basic 

Concepts: Binding Energy of a nuclear reaction, mass energy equivalence and conservation laws, 

nuclear stability and radioactive decay, radioactivity calculations. Interaction of Neutrons with 

Matter: Compound nucleus formation, elastic and inelastic scattering, cross sections, energy loss 

in scattering collisions, critical energy of fission, fission cross sections, fission products, fission 

neutrons, energy released in fission, γ -ray interaction with matter, fission fragments.  

Unit II 
The Fission Reactor: The fission chain reaction, reactor fuels, conversion and breeding, the 

nuclear power resources, nuclear power plant & its components, power reactors and current 

status. Reactor Theory: Neutron flux, Fick’s law, continuity equation, diffusion equation, 

boundary conditions, solutions of the DE, Neutron moderation. Health Hazards: radiation 

protection & shielding, Nuclear Fusion: Fusion reactions, reaction cross-sections, reaction rates, 

fusion power density, radiation losses, ideal fusion ignition, Ideal plasma confinement & Lawson 

criterion. Plasma Concepts: Saha equation, Coulomb scattering, radiation from plasma, transport 

phenomena. Plasma Confinement Schemes: Magnetic and inertial confinement, current status, 

ITER, ASDEX. 

Unit III 
Energy Conservation and Management: Thermodynamic basis of energy conservation, 

Irreversible processes, Reversibility and Availability, Exergy and available energy, Energy 

conservation in HVAC systems and thermal power plants, Energy conservation in buildings, 

UValue of walls / roof, Ventilation systems - Fan and ducts Lighting Systems - Different light 

sources and luminous efficacy, Insulation use – Materials properties, Optimum thickness, 

Thermo economic analysis, Energy conservation in electrical devices and systems, Economic 

evaluation of energy conservation measures, Electric motors and transformers, Inverters and 

UPS, Voltages stabilizers, Energy audit and Instrumentation. 

Unit IV 
Green Buildings: Thermal comfort, classification of climate zones, Heat flow calculations in 

buildings,. Direct heat gains through windows. Convective gains/losses, air exchange rates. 

Gains from people, appliances etc. Air conditioning load calculations. HVAC systems. Passive 

and low energy concepts and applications. Passive cooling/heating concepts, building form and 

orientation, internal and external shading devices, ventilation, passive concepts for composite 

climates, evaporative and nocturnal cooling, earth–air tunnel, solar chimney-based hybrid 

system. 

 

Text and Reference Books: 
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1. Nuclear Energy 6
th

 Edition: An introduction to the Concepts, Systems and Applications of 

Nuclear Processes- Raymond LeRoy Murray (Elsevier). 

2. Nuclear Energy in the 21
st
 Century: World Nuclear University Press- Ian Hore-Lacy. 

3.  Energy Science: Principles, technologies and impacts – John Andrews & Nick Jelly (Oxford). 

4. Energy Management Handbook, W.C. Turner, S. Doty, CRC Press, 2006. 

5. Nuclear Physics: L.Kaplan, Addi Wesley 1963. 

6. The Physics of Nuclear Reactions :W.M.Gibson,Pergamon Press. 

7. Sustainable Construction: Green Building Design & Delivery – Charles J. Kibert, John Wiley 

& Sons (Third Edition). 

8. Energy Simulation in Building Design – J A Clarke, Butterworth-Heinemann, Oxford. 

 

PHY111- Physics Laboratory-I  

 

1. To study the potential energy curve for end on magnetic interaction.  

2. To study the Fourier analysis of sinusoidal, square and triangular wave.   

3. To study: 

(a) the excitations of normal modes and frequency splitting measurements using coupled 

oscillator. 

(b) the frequency of energy transfer as a function of coupling strength using coupled 

oscillator. 

4. To study the dispersion curve for a beaded string to calculate the average mass per unit 

length of the beaded string and to find out cutoff frequency. 

5. Study of Double stage R.C. Coupled amplifier for: (i). Frequency response (ii) the amplitude 

characteristics. 

6. To study the waveform characteristics of multivibrators (Astable, Mono-stable and Bi-stable) 

and determine its frequency by varying R. 

7. To study a various types of Oscillators (like Hartley etc.). 

8. To study frequency response of Low pass filter, Band pass filter, High pass filter and Band 

elimination. 

9. Study of clipping and clamping circuit. 

10. Study of operational amplifier circuits. 

11.  Study of Lissajous figure using C. R. O. 

12.  Verify the various theorems of Boolean algebra.  

13. Verify the D’morgans theorem. 

14. Implement the Boolean expression and verify the truth table. 

15. Study the various combinational circuits-Half Adder, Half subtractor, Full Adder, Full 

subtractor, Parity Generator, Parity Checker. 

16. Study the advanced combination circuits-Multiplexer, Demultiplexer, Encoder, Decoder. 

17. Study the various code converters & verify the truth table-Binary to BCD converter, Binary 

to Gray codes and Binary to EX-3. 

18. Study the weighted code converter. 

19. Study the flip flops and verify the truth table-R-S,D,J-K, T and Master slave. 

20. Study the various registers using flip-flop-Serial in Serial out, Serial in Parallel out, Parallel 

in  Parallel out, Parallel in Serial out 

21. Study the various synchronous counters using flip-flop-Binary up, Binary down, Mod-10 . 

22. Study the various asynchronous counters using flip flop- Binary up, Binary down. 
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23. Study the special counters-Ring counter and Twisted ring counter (Johnson counter). 

24. To study the A/D & D/A converters also calculate resolution & error percentage in 

observation. 

25. To study the behavior of V I characteristics of UJT. 

26. To study the output and transfer characteristics of a FET. 

27. To measure the input and output characteristics of BJT. 

28. To draw the V-I characteristics of a DIAC. 

29. To draw the V-I characteristics of a TRIAC. 

30. To draw the V-I characteristics of a SCR. 

31. To draw the V-I characteristics of an Optocoupler. 

32. To study and plot the characteristics of Photo-Diode. 

 

 

PHY211- Physics Laboratory-II 

 

1.    To study the hyperfine structure of spectral lines and Zeeman effect by C.D.S. 

2. To study the absorption spectrum of Iodine vapour. 

3. To determine the Rydberg's constant with the help of Spectrometer. 

4. To study the variation of refractive index of the material of the prism with wavelength and to 

verify Cauchy's dispersion formula. 

5.    To determine the wavelength of Sodium light by Michleson Interferometer. 

6.    To determine the difference between two lines of Sodium light by Michleson Interferometer.  

7.    To determine the refractive index of glass by Michleson Interferometer. 

8. To verify Hartmann’s Formula using constat deviation spectrograph. 

9. To determine wavelength of  Monochromatic light using Fabry-Perot interferometer. 

10 To determine g-factor by ESR setup. 

11 To study Frank Hertz experiment i.e. variation of accelerating voltage with electron beam 

current. 

12 To verify Fresnel’s law of reflection and refraction from a plane refracting surface. 

13 Determine the dielectric constant of turpentine oil with the help of Leacher wire system. 

14 Determination of wavelength of He-Ne Laser light by diffraction grating. 

15  Study of diffraction of laser beam by a slit.  

16 To study the torque speed characteristics and determine the transfer function of a D.C. motor. 

17 To study the V-I characteristic of solar cell and to calculate the fill factor of the solar cell. 

18 Study of LC transmission line. 

19 To determination the absorption coefficient of a liquid or solution (water, KMnO4) with the 

help of a photo voltaic cell. 

 
 

 

PHY311- Physics Laboratory-III 

 

1. To determine the ultrasonic velocity and obtain the compressibility of a given liquid. 

2. To study dynamics of a lattice using electrical analogue. 

3. To study variation of rigidity of a given specimen as a function of the temperature. 
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4. To determine the modulus of rigidity of matter by using torsional oscillator (simple brass and 

iron rod). 

5. To determine half-life of a radio Isotope using G.M. Counter. 

6. To study absorption of particles and determine range using at least two Sources. 

7. To study characteristics of G.M. Counter and to study statistical nature of radio-active decay. 

8. To study spectrum of β-particles Using Gamma ray spectrometer. 

9. To calculate the solar azimuthal angle for solar radiation with solar time (8:00 a.m. to 4:00 

p.m.) for 21 March, 21 June and 21 December. 

10. To calculate the angle of incidence of solar radiation in degree at solar noon for different 

days (at an interval of 20 days) of a year at surface inclined at 0°, 45° and 90° facing towards 

south (surface azimuth angle = 0°) & to plot the results. 
11. Determine the operating frequency of Reflex Klystron. 

12. Draw the V-I characteristics of Reflex Klystron. 

13. Draw the characteristics of Attenuator. 

14. To verify the Waveguide Law. 

15. To study the directivity and coupling coefficient of Directional Coupler. 

16.  To study the properties of Magic Tee and also determine isolation and coupling coefficient. 

17. To measure the VSWR of (i) short circuit (ii) open circuit (iii) matched load (iv) unmatched 

load. 

18. To study the properties and E-plane and H-plane Tees. Determine Isolation and coupling 

coefficient. 

19. To study the functional groups & structure of the material using FTIR. 

20. To determine the optical band gap of a given materials either in bulk or in film form by UV-

VIS-NIR spectrometer. 

 

PHY411- Physics Laboratory-IV 

 

1. To study the Electro-Optic effect and AC modulation. 

2. To study of thermal expansion of quartz crystal using Newton's Ring method. 

3. To study the Acoustic-Optic effect. 

4. To study the Brewster angle and refractive index of a given materials. 

5. To determine the attenuation and bending losses of an optical fiber. 

6. Study the Gaussian distribution of intensity of a laser beam. 

7. To study the spatial and temporal coherence of laser. 

8. To determination particle size by diode laser. 

9. To study the nature of polarization. 

10. To determine the speed of light using laser. 

11. To calibrate a scintillation spectrometer and determine energy of gamma-rays from an 

unknown Source. 

12. To study Compton scattering of gamma-rays and verify the energy Shift formula. 

13. To study the alpha particles using Spark chamber. 

14. To study the Bremstralung effect Using Scintillation spectrometer. 

15. To determine the end point energy of  β-particles using β--ray Spectrometer. 

16. To study the Hall effect in Semiconductor and determination of Allied parameters. 

17. To find the Band gap of given Semiconductor Material with the help of Four Probe 

method. 
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18. Measurement of Magnetic susceptibility of paramagnetic Solution by Quinck Method. 

19. To set up a fiber optics analog and digital link. 

20. To study the losses in Optical fiber. 

21. To study numerical aperture of optical fiber. 

22. To study the characteristics of a fiber optics LED and Photo detector. 


