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MS/ES-101: MATHEMATICAL METHODS FOR PHYSICS 
 

UNIT-1: LINEAR ALGEBRA AND MATRICES             (PERIODS-8 Hours) 

Vector spaces, basis vectors, the inner product, some inequalities, linear operators and 
their properties, Matrices- the Eigen value problem, determination of eigenvalues Eigen 
functions, digonalisation, trace and normalization of matrix, Caley-Hamiltonian theorem. 

 

UHIT-2: SPECIAL FUNCTIONS             (PERIODS-10 Hours) 

Legendre equation, Reylign formula, generating function, orthogonality, hermits 
polynomial, Rodriguez formula, recurrence relation, generating function, orthogonality, 
Laguerres equation, Rodriguez formula, generating function, orthogonality, Bessel 
equation, generating function, recurrence relation, orthogonality 

 

UNIT-3:FOURIER SERIES               (PERIOD-8 Hours) 

Fourier series- periodic function, Euler Fourier formula, Dirichilete conditions, half range 
Fourier series, change of interval, Parsevals identity, alternate forms of the Fourier 
series, application of Fourier series- vibrating string, RLC circuit 

 

UNIT-4: FOURIER TRANSFORM AND LAPLACE TRANSFORM (PERIOD-8 Hours) 

Integral transform- Fourier integral and Fourier transform, few examples, the Dirac delta 
function, properties of Fourier transform, odd and even function, convolution and 
deconvolution theorem, Parsevals therom, Laplace transform, Laplace transform of 
derivatives and integrals, properties of the Laplace transform,  

 

UNIT-5: ELEMENTS OF COMPLEX ANALYSIS           (PERIOD-7 Hours) 

Analytic functions, Cauchy Riemann condition, contour  integrals , Laurent series, the 
residue theorem, method of finding the residues, evaluation of definite integrals 

 

UNIT-6: ELEMENTARY PROBABILITY THEORY           (PERIOD-7 Hours) 



A definition of the probability sample space, permutation and combination, fundamental 
probability theorems, random variables, and probability distributions, special probability 
distribution, binomial, Poisson, normal 

 

REFERENCE BOOKS:- 

      1    Mathematical Methods for Physicists – Tai L. Chow 

           1st Edition, 2000, Cambridge University Press 

2 Mathematical Methods For Physics And Engineers- Riley, Hobson And Bence, 
1st Edition, 1997, Cambridge University Presses. 
 

3 Mathematical Methods In Physical Sciences- M.L.Boas 
3rd Edition, 2006, Wily India Education 

4 Matrices And Tensors In Physics- A.W. Joshi 
      3rd Edition, New Age International (P) Ltd. 

5 Complex Variables-M.R.Spiegel 
      McGraw Hill Book Company 

6 Mathematical Methods for Physicists-G.B Arfken, H. J.Weber, 5th Edition, 
Harcourt Pvt. Ltd. (Academic Press) 

 

 

 

 

 

 

 

 

 

 



MS/ES-102: CLASSICAL MECHANICS 

 

UNIT-1: ENERGY AND WORK       (08 hours) 
              
Conservative force, potential energy, conservative momentum and angular   
momentum, conservative system of particles of mass, motion of COM, conservation 
theorems & equation of motion  under   different types of forces. 

 

UNIT-2: THE LANGRANGIAN FORMULATION OF MECHANICS   (10 hours) 
 
Generalized coordinates, DoF, configurational space, constraints, D’Alembert’s principle 
and Lagrange’s equations, kinetic energy in generalized coordinates, generalized 
momentum and energy. Gauge function for the Lagrangian, gauge invariance, cyclic or 
ignorable coordinates.  
 
 

UNIT-3: HAMILTONIAN DYNAMICS      (10 hours) 
                 
Hamilton’s principle and Lagrange’s equations, Lagrange’s equation for non-holonomic 
systems, few examples of Lagange’s equation of motion, method of undetermined 
multipliers, the Hamiltonian of the dynamical system, Hamilton’s canonical equations, 
Integrals of Hamilton’s equations, canonical transformations, Poission bracket,  phase 
space, Lagrange from Hamiltonian, few application of Hamiltonian formulation. 

 

UNIT-4: CENTRAL FORCE MOTION      (10 hours) 
            

The two body problem and the reduced mass, general properties of central force 
motion, effective potential and classification of orbits, general solutions, inverse square 
law of the force, Kepler’s law of planetary motion. 
 
 
UNIT-5: COUPLED OSCILATIONS      (10 hours) 
             



Coupled pendulum, normal coordinates, coupled oscillators and normal oscillators, and 
normal modes, equation of motion of a coupled system, normal modes of oscillation, 
orthogonality of Eigen vectors, normal coordinates, forced oscillations of coupled 
oscillator, coupled oscillator circuits, vibration of loaded string, vibrating string and the 
wave equations. 

 Reference Books: 

1. Classical Mechanics- T.L.Chow 
1st Edition, 1995, John Willey and Sons Inc. 

2. Classical Mechanics – Takwale, Puranic 
1st Edition, 2007, Tata McGraw Hill Publication 

      3.   Classical Mechanics- H.Goldstein 

2nd, Edition, 1980, Narosa Publishing House 

      4.   Classical Mechanics- Rana and Joag 

1st Edition, Tata McGraw Hill Company Ltd. 

      5.   Classical Mechanics: A Modern Perspective- Barger and Olsson 

            2nd  Edition, 1995, McGraw Hill Publication 

 

 

 

 

 

 

 

 

 
 



MS/ES-103: ELECTRONICS 
 

UNIT-1: PHYSICS OF SEMICONDUCTORs         (PERIOD – 5 Hours) 

Density of states and and its application to the semiconductors, Fermi-Dirac distribution 
& its characteristics, equilibrium distribution of electrons and holes in intrinsic and 
extrinsic semiconductors , position of Fermi energy level, its variation with doping 
concentration and temperature. 

 

UNIT-2: THE P-N JUNCTION           (PERIOD – 7 Hours) 

Basic structure of p-n junction, built in potential barrier, electronic field, space charge 
width, reverse applied bias, junction capacitance, frequency response, load lines, diode 
applications: clipping-clamping circuits 

 

UNIT-3: BI-JUNCTION TRANSISTORS          (PERIOD – 8 Hours) 

Transistor biasing: base bias , emitter bias, voltage divider bias, applications, BJT 
amplifiers, configurations: CE, CC, CB, load line analysis, amplifier AC equivalent 
circuits, ac analysis of transistors: small signal analysis, H parameters. 

 

UNIT-4: FIELD EFFECT DEVICES          (PERIOD – 7 Hours) 

The JFET biasing, working principle, drain curves, transceductance curves, JFET 
approximations, the depletion and enhancement mode MOSFET, basic idea and device 
characteristics, applications, JFET analog switch, MOSFET amplifiers and switches, 
introduction to CMOS. 

 

UNIT-5: OPTOELECTRONIC DEVICES              (PERIOD – 7 Hours) 

Optical absorption, photon absorption coefficient, electron hole pair generation, solar 
cell : the I-V characteristics, p-n junction solar cell, conversion efficiency , the hetero 
junction solar cell, photo detectors, photodiode, pin photodiode, avalanche photodiode, 
phototransistors, light emitting diodes, generation of light, internal and external quantum 
efficiency, laser diodes, stimulated emission and population inversion. 



UNIT-6: OPERATIONAL AMPLIFIER           (PERIOD - 7 Hours) 

Operation overview, differential amplifiers and OPAMP specifications, modes of 
operations, input output parameters, frequency  response, integrators, differentiator, 
summing negative and positive feedback. 

 

UNIT- 7: DIGITAL ELECTRONICS           (PERIOD - 7 Hours) 

Flip-flops: RS, D, T, JK, MS., shift resistors, counting, synchronous and asynchronous 
counters, ADC and DAC, 2-2R network, binary ladder 

 

Reference Books: 

1. Semiconductor Physics And Devices- Donald A. Neaman 
                 3rd Edition, 2007, Tata McGraw Hill Company. 

2. Electronic Principles- A. Malvino, D.J. Bates 
      7th Edition, 2008, Tata McGraw-Hill Publication Pvt Ltd. 

3. Introductory Electronic Devices And Circuits- Painter 
      2nd Edition, 1991, New Jerky; Regents/Prentice Hall 

4. Electronic Fundamentals And Applications-J.D.Ryder 
      5th Edition, 1990, Prentice Hall of India Pvt. Ltd. 

 

 

 

 

 

 

 

 

 



MS/ES-104: QUANTUM MECHANICS-I 
 

UNIT-1: THE ORIGIN OF QUANTUM THEORY           (PERIODS-08 Hours) 

Inadequacy of classical Physics, de Broglie hypothesis, wave-particle duality, Born’s 
interpretation of wave function, wave function for particle momentum, wave packets, the 
Heisenberg’s uncertainty principle.  

 

UHIT-2: SCHRODINGER EQUATION            (PERIODS-08 Hours) 

Necessity of wave equation and the conditions imposed on it, time dependent 
Schrodinger equation, Conservation of probability, Expectation values, Ehrenfest 
theorem, time independent Schrodinger equation, Eigen functions and Eigen values, 
Stationary states, orthogonality of eigen functions, parity, continuity and boundary 
conditions. 

 

UNIT-3:ONE DIMENSIONAL ENERGY EIGEN VALUE PROBLEMS(PERIOD-10 Hour) 

Free particle, infinite square well, potential step, square potential barrier, explanation of 
alpha decay, square well potential, Linear harmonic oscillator. 

 

UNIT-4: FORMALISM OF QUANTUM MECHANICS   (PERIOD-12 Hours) 

Postulates of quantum mechanics, representation of states and dynamical variables, 
observables, self-adjoint operators,  eigen functions and eigen values, degeneracy, 
orthogonality, orthonormality, completeness and closure property, physical 
interpretation of eigen values, eigen functions and expansion coefficients, eigen values 
and eigen functions of momentum operator, Dirac’s bra and ket notations, linear 
operators, unit operator, hermitian operator, unity operator, parity operator, eigen values 
and eigen functions of simple harmonic oscillators by operator method. 

 

UNIT-5: ANGULAR MOMENTUM           (PERIOD-10 Hours) 

Orbital angular momentum, angular momentum algebra, angular momentum as a 
generator of infinitesimal rotations, Eigen values and functions of L2 and Lz, ladder 



operators L- and L+, spin angular momentum, Pauli’s spin matrices, addition of angular 
momenta, representation of J in ljm> basis, computation of Clebsch-Gordan  
coefficients in simple cases (J1=1/2, J2=1/2). 

 

References: 

1.) Quantum Mechanics: B. H. Bransden and C. J. Joachain, 2nd Edition, 2004, 
Pearson Education ltd. 

2.) Quantum Mechanics: L. I. Schiff, 3rd edition, 1998, MGH book company. 
3.) Quantum Mechanics: J. D. Powell and B. Crossman. 1st edition, 1998, Narosa 

Publishing House. 
4.) Quantum Mechanics: S. Gasiorowicz, 3rd edition, 2003, Wiley International. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Semester-II 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
MS/ES-201: QUANTUM MECHANICS-II 

 

UNIT-1: CENTRAL POTENTIAL                       (PERIODS-08 Hours) 

Separation of the Schrodinger equation in spherical polar co-ordinates, the hydrogen 
atom, energy levels, the Eigenfunction of the bound states.  

 

UNIT-2: TIME INDEPENDENT PERTURBATION THEORY         (PERIODS-10 Hours) 

Time independent perturbation theory: Non-degenerate and degenerate cases (upto 2nd 
order). Applications: anharmonic oscillator, Zeeman effect, Stark effect.  

 

UNIT-3: TIME DEPENDENT PERTURBATION THEORY              (PERIODS-12 Hours) 

Time dependent perturbation theory: First order perturbation, harmonic perturbation, 
transition to continuum states, absorption and emission of radiation, Einstein’s 
coefficients, Fermi’s golden rule.  

UNIT-4: VARIATION METHOD                     (PERIODS-08 Hours) 

Variational method: Basic principles and applications to particle in box, simple harmonic 
oscillator, hydrogen atom. 

 

UNIT-5: WKB APPROXIMATION                      (PERIODS-10 Hours) 

WKB approximation: Qualitative development and condition for validity of this 
approximation, Bohr’s quantization condition, applications to tunnelling such as α-
particle field emission.  

 

References:  

1.) Quantum Mechanics: B. H. Bransden and C. J. Joachain, 2nd Edition, 2004, 
Pearson Education ltd. 

2.) Quantum Mechanics: L. I. Schiff, 3rd edition, 1998, MGH book company. 



3.) Quantum Mechanics: J. D. Powell and B. Crossman. 1st edition, 1998, Narosa 
Publishing House. 

4.) Quantum Mechanics: S. Gasiorowicz, 3rd edition, 2003, Wiley International. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

MS/ES-202: EXPERIMENTAL TECHNIQUES AND DATA ANALYSIS 

 

UNIT 1: MEASUREMENT, INTERPRETATION AND ANALYSIS: (PERIODS-10 Hours) 

Basic definitions, Accuracy and precision, significant figures, types of errors: gross 

errors, systematic errors, random errors, statistical analysis: arithmetic mean, deviation 

from the mean, average deviation, standard deviation, probability of errors: Normal 

distribution of errors, probable errors, propagation of errors 

 

UNIT 2: CURVE FITTING, CUBIC SPLINES AND APPROXIMATIONS 

(PERIODS-10 Hours) 

Introduction, least square fitting procedures: Fitting a straight line, Non-linear curve 

fitting, Curve fitting by a sum of exponentials; Data fitting with cubic splines: derivation 

of the governing equations, end conditions, minimizing property of cubic splines; 

Approximation of functions: Chebyshev polynomials, Economizing of power series, chi-

square test 

 

UNIT 3: TRANSDUCERS:                       (PERIODS-10 Hours) 

Classification of transducers, selecting a transducer. 

Working principle and characteristics of the main transducers for measurement 

of:Temperature, pressure, vacuum. 

 

UNIT 4: SIGNAL CONDITIONING: PROCESSES           (PERIODS-09 Hours) 



Input/output impedance, Impedance matching, Amplification: the Differential amplifier, 

Instrumentation amplifiers, Modulation techniques: Amplitude modulation, Frequency 

modulation, phase modulation, 

UNIT 5: SIGNAL CONDITIONING: RECOVERY AND CONVERSION  

(PERIODS-09 Hours) 

Demodulation, Filters, Noise reduction, Lock-in-amplifiers, phase locked loop, Box car 

integrators, Fourier transforms, sample and hold unit, ADC: quantization, resolution, 

sampling frequency 

 

Reference Books: 

1. Modern Electronic And Measurement Techniques-A.D.Helfrick,W.D.Kooper 

1st Edition,2004, Prentice Hall Of India Pvt. Ltd. 

2. Instrumentation: Devices And Systems- Rangan, Mani, Sharma 

1st Edition,1990, Tata McGraw Hill Publication Pvt. Ltd. 

3. Introductory Methods Of Numerical Analysis- S.S.Sastri 

2nd Edition, 1992, Prentice Hall Of India Pvt. Ltd 

4. Introduction To Instrumentation And Control- A.K.Ghosh 

1st Edition, 2000, Prentice Hall Of India Pvt. Ltd 

 

 

 

 



MS/ES-203: STATISTICAL MECHANICS 

 

UNIT 1: LAWS OF THERMODYNAMICS           (PERIODS-08 HOURS) 
   
Necessity of Statistical Mechanics 
The laws of thermodynamics and their consequences, the problem of kinetic theory: 
phase space, Gibbsian ensembles, Maxwell’s relations and thermodynamic functions. 
Statistical description of system of particles: state of a system, microstates, ensembles, 
basic postulates. 
 
UNIT 2: STATISTICAL DESCRIPTION OF SYSTEM OF PARTICLES & STATISTICAL 
THERMODYNAMICS                                (PERIODS-10 Hours) 

Behaviour of density of states, density of states for ideal gas in classical limit, thermal 
and mechanical interactions, quasi-static process 
Statistical thermodynamics: Irreversibility and attainment of equilibrium, Reversible and 
irreversible processes, thermal interaction between macroscopic systems, approach to 
thermal equilibrium, dependence of DoS on external parameters, Statistical calculation 
of thermodynamic variables. 

UNIT 3:  CLASSICAL STATISTICAL MECHANICS                    (PERIODS-10 Hours) 

Microcanonical ensemble and their equivalence, canonical and grand canonical 
ensembles, partition function, thermodynamic variables in terms of partition and grand 
partition functions, ideal gas, Gibbs paradox, validity of classical approximation, 
equipartition theorem, MB gas velocity and speed distribution, Chemical potential, Free 
energy and connection with thermodynamic variables, 1st and 2nd order phase transition, 
phase equillibria. 

UNIT 4: FORMULATION OF QUANTUM STATISTICS      (PERIODS-10 HOURS) 
     
Formulation of quantum statistics, ensembles in quantum statistical mechanics, The 
theory of simple gases: Maxwell Boltzmann, Bose-Einstein, Fermi-Dirac gases, 
Statistics of occupation numbers, Evaluation of partition functions, Ideal gases in the 
classical limit 
 
UNIT 5: IDEAL BOSE AND FERMI SYSTEMS                 (PERIODS-10 HOURS) 
Ideal Bose system: Thermodynamic behaviour of an ideal Bose gas, Bose-Einstein 
condensation 



Thermodynamics of Black-body radiation, Stefan-Boltzmann law, Wien’s displacement 
law, Specific heat of solids (Einstein and Debye models) 
Ideal Fermi systems: Thermodynamic behaviour of an ideal Fermi gas, degenerate 
Fermi gas, Fermi Energy and mean energy, Fermi Temperature, Fermi velocity of a 
particle of a degenerate gas  
 
 

Reference Books: 

1.    Fundamentals Of Statistical And Thermal Physics- F.Reif 

       1st Edition, 1965, McGraw Hill Publication Pvt. Ltd. 

2.    Statistical Mechanics- K. Huang 

       1st Edition, 1991, Wiley Eastern Ltd. 

3.     Statistical Mechanics-R.K. Patharia 

        2nd Edition, Elsevier 

4.     Fundamentals Of Statistical Mecanics-B.B.Laud 

        Edition, 2007,New Age International Publishers. 

5.     Statistical Physics – F.Reif. 

        Berkeley Physics Course(Vol.5), Tata McGraw Hill Pvt. Ltd.  

 

 

 

 

 

 

 

 



MS/ES- 204: ELECTROMAGNETIC THEORY 

 

UNIT-1: ELECTROSTATICS            (PERIODS-5Hours) 

Coulomb’s law, the electric field, continuous charge distribution, divergence and curl of 
electrostatic fields, Gauss’s law and applications, electric potentials, Poison’s equations 
and Laplace equation, the potential of  localized  charge distribution, electrostatic 
boundary condition, work and energy in electrostatics. 

 

UNIT-2: MAGNETOSTATICS           (PERIODS-5 Hours) 

Biot-savarts laws, divergence and curls of B, Amperes law and its applications, 
magnetic vectors potential 

 

UNIT-3: ELECTRODYNAMICS           (PERIODS-10 Hours) 

Electromotive force, electromagnetic induction, energy in magnetic fields, Maxwell’s 
equation’s, Maxwell’s equations in matter, boundary conditions, conservation laws, the 
continuity equation and Poyntings theorem. 

 

UNIT-4: ELECTROMASGNETIC WAVES          (PERIODS-12 Hours) 

Boundary conditions, reflection and transmission, polarization, electromagnetic waves in 
vacuum, wave equations for E and B, monochromatic plane waves, energy and 
momentum in electromagnetic waves, electromagnetic waves in matter, propagation in 
linear media, R and T at normal incidence, absorption and dispersion, electromagnetic 
waves in conductors, reflection at conducting surface, guided waves, wave guides, TE 
waves in rectangular waveguides, the co-axial transmission line. 

 

UNIT-5: POTENTIAL FIELDS              (PERIODS-9 Hours) 

The potential formulation, scalar and vector potentials, gauge transformations, Coulomb 
and Lorentz’s gauge, continuous distribution retarded potentials, point charges, Lienard-
Wiechert potential, field of moving point charge. 



 

UNIT-6: RADATION                 (PERIODS-7 Hours)  

Dipole radiation, electric dipole radiation and magnetic dipole radiations, power radiated 
by a point chare. 

 

Reference Books. 

1. Introduction To Electrodynamics- D.J. Griffith 

3rd Edition, 2000, Prentice Hall Of India. 

2. Electromagnetic Field Theory Fundamentals- Guru And Hiziroglu 

2nd Edition , 1998, Cambridge University Press. 

3. Introduction To Electromagnetic Fields-Paul And Nasar. 

2nd Edition, 1987, McGraw Hill Company Pvt. Ltd. 

4. Classical Electrodynamics- J.D.Jackson 

3rd Edition,2007,Wiley India Pvt Ltd 

5. Electricity And Magnetism- Edward Purcell( For Basic Readings) 

2nd Edition, Tata McGraw Hill Publication Pvt. Ltd 

6. Fundamentals Of Applied Electromagnetics- Fawwaz Ulaby 

1st Edition, 2002, Prentice Hall Of India Pvt. Ltd. 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Semester-III 
 

 

 

 

 

 

 

 



MS/ES- 301:  ATOMIC AND MOLECULAR PHYSICS 

 

1. STRUCTURE OF ATOM         (PERIODS-5 HOURS) 

Various atomic models- survey-brief ideas with assumptions, postulates and 

shortcomings, Quantum states of an electron in an atom, Quantum numbers, 

Electron spin, Stern-Gerlach experiment, Vector atom model- its need/important. 

 Atom model for two valance electron             (10 Hours) 

Various coupling schemes: LL, SS, LS and jj, Pauli exclusive principle, Coupling 

principle, factors for LS coupling , Lande interval rule, JJ branching rule, selection 

rules, magnetic moment of atom, Lande g factor, Zeeman effect, intensity rules, 

calculation of Zeeman pattern, Paschen Back effect-LS and jj coupling and Paschen 

Back effect, Breits scheme for derivation of spectral terms, Pauli’s exclusive 

principle 

    

2. COMPLEX SPECTRA             (PERIODS-5 HOURS) 

Displacement law, alternation law of multiplicities, vector model for more valance 

electrons, Lande interval rule, inverted terms, Hund’s rule, Zeeman effect and 

magnetic quantum numbers in complex spectra, magnetic energy and Lande g 

factor 

 Hyperfine structure            (5 Hours) 

Introduction, hyperfine structure and Lande interval rule, nuclear interaction with 

one valance electron, hyperfine structure of two or more electron, Zeeman effect in 

hyperfine structure, Back Gouldsmit effect in hyperfine structure. 

    

3. PURE ROTATIONAL STRUCTURE                         (8 HOURS) 



Rotation of linear system (classical and quantum mechanical), rigid rotator, 

rotational energy levels and their populations, interaction of rotation with rotating 

molecules, rotational spectra of rigid rotators, selection rules for linear molecules, 

determination of moment of inertia and bond length from rotational spectra, isotope 

effect on rotataional spectra, relative intensities of spectral lines   

    

4. PURE VIBRATIONAL SPECTRA           (PERIODS-6 HOURS) 

Vibrations of two particles connected by spring (classical), Harmonic oscillators, 

vibrational energies of diatomic molecules, interaction of radiation with vibrating 

molecules, anharmonic oscillator, deduction of molecular properties from vibrational 

spectra of diatomic molecules. 

     Rotation and vibration spectra                     (4 Hours) 

Diatomic vibrating rotator coupling of rotation and vibration , rotation-vibration 

spectra , selection rules and transition for vibrating rotator, intensities in rotation and 

vibration spectrum, parallel and perpendicular bands of linear molecules, Isotope 

effect-vibration , rotation. 

 

5. ELECTRONIC SPECTRA OF DIATOMIC MOLECULES        (PERIODS-8 HOURS) 

Electronic energy curves, potential energy curves stable and unstable molecular 

states, vibration structure of electronic transitions, general formula, graphical 

representation, isotopes effect, rotational structure of electronic spectar, the 

branches of band , band head formation, shading of bands: Fortrat diagram, 

intensities in electronic bands-Vibrational structure-Frank Condon principle, 

absorption and emission, rotational structure , transition. 

 

 



References:   

1. Introduction to atomic and nuclear physics (Van Norstrand Reinhold (east- West 

Press) by H. E. White) 
2. Introduction to atomic spectra (Mc. Graw hill, International Edition) by H. E. 

White) 
3. Atoms and Molecules: An introduction for students of Physical chemistry (W. A. 

Benjamin Inc. New York) by Martin Karplus and Richard N. Porter) 

4. Atomic physics, (Oxford Master Series in atomic, optical and laser physics) by               

Christopher J. Foot. 

5. Introduction to atomic spectra (Mc. Graw hill, International Edition) by H. E. White 

6. Molecular structure and spectroscopy , 2 nd edition (PHI learning Pvt. Ltd.  New 

Delhi)  by G. Aruldhas 

7. Fundamentals of Molecular Spectroscopy ( McGraw-Hill Publishing Company by 

Colin Banwell) 

 

 

 

 

 

 

 

 

 

 

 

 

 



MS/ES-302: CONDENSED MATTER PHYSICS 
 

1. SPECIFIC HEAT AND LATTICE VIBRATIONS        (PERIODS-7 HOURS) 
Classical theory of specific heat and it’s drawbacks, Einstein theory of specific heat, 

vibrational modes of a continuous medium, Debye approximation, The Born cut-off 

procedure, Vibrational modes of a finite one-dimentional lattice of identical and 

diatomic lattice.    

  

2. FREE ELECTRON THEORY OF METALS         (PERIODS-7 HOURS) 

The free electron theory of metals, electronic specific heat, Response and 

relaxation phenomena, Drude model of electrical and thermal conductivity, the 

Fermi surface, electrical conductivity; effects of the Fermi surface, Fermi surfaces: 

its characteristics.           

3. DIELECTRIC AND OPTICAL PROPERTIES OF INSULATORS  

(PERIODS-12 HOURS) 

Static fields: Macroscopic description of the static dielectric constant, The static 

electronic and ionic polarizabilities of molecules, Oriental polarization, The internal 

field according to Lorentz and the Clausius-Mosotti formula. 

Alternating fields: The complex dielectric constant and dielectric losses, dielectric 

losses and relaxation time, The Classical theory of electronic polarization and 

optical absorption.  

Ferroelectricity:  General properties of ferroelectric materials, classification, 

ferroelectric domains. 

        

4. MAGNETISM                         (12 HOURS) 

Magnetic materials and their properties, Quantum theory of paramagnetism, 

Diamagnetism,  



Ferromagnetism: The Weiss molecular field and its interpretation, Temperature 

dependence of spontaneous magnetization. 

Antiferromagnetism: Molecular field theory, two sub lattice model.   

  

5. SUPERCONDUCTIVITY       (10 HOURS) 
Introduction, Meissner effect, The critical field, Thermodynamics of superconducting 

transition: The heat capacity and stability of superconducting state, Electrodynamics 

of superconductors: The London equation, coherence length and penetration depth, 

BCS theory of superconductivity, the condensate, The Josephson Tunneling: DC 

and AC effect, Introduction to high Temperature superconductivity.    

      

References:  

1. A. J. Dekker, Solid State Physics, Macmillan India Limited, 1991. 

2. Charles Kittel, Introduction to Solid State Physics, , John Wiley and Sons. 

3. H. P. Myers, Viva Books Private Limited, Second Edition. 

4. N. W. Ashcroft and N. D. Mermin, Solid State Physics, CBS publishing Asia Ltd. 

5. M. Ali Omar, Elementary Solid State Physics, Pearson Education. 

 

 

 

 

 

 

 

 

  



 MS 303:  ELEMENTS OF MATERIAL SCIENCE: 

 

UNIT-1: CLASSIFICATION OF MATERIALS        (PERIODS-3 HOURS) 

Classification of materials, Selection of materials, the structure of Materials, 

selecting an optimal material, Modern material needs, structure-property relationship 

in materials. 

(Reference books: 

1. Material Sciences and Process, S. K. Hajara-Chaudhari, Indian Book 
Distributing Co. 

2. Material Science and Engineering, W.D. Callister, Jr. W, Wiley  Internatinal 
Editions, 2003. 

  

UNIT-2: PROPERTIES OF MATERIALS                  (10 HOURS) 

Mechanical properties: Mechanical fundamentals, isotropy and anisotropy, stress 

and strain, hooks law and modulus of materials, stress-strain relation, Important 

properties: strength, ductility, toughness, stiffness, malleability, plasticity, hardness, 

brittleness. 

Electrical properties: Resistivity, conductivity, Ionic conductivity, factors affecting 

conductivity.  

Thermal properties: Heat capacity, expansion, conductivity and stresses 

Optical properties: Electromagnetic radiation, refraction, reflection, absorption, 

transmission, color. 

Magnetic properties: Diamagnetism, paramagnetism, ferromagnetism, 

ferrimagnetism, susceptibility and curie temperature, hysteresis loss. 

 (Reference books: 

1. Material Sciences and Process, S. K. Hajara-Chaudhari, Indian Book 
Distributing Co. 



2. Material Science and Engineering, W.D. Callister, Jr. W, Wiley  Internatinal 
Editions, 2003.  

 

UNIT-3: PHASE DIAGRAM            (PERIODS-8 HOURS) 

Structure of solid solutions, factors governing the solid solubility (Hume Rothery 

rules for primary solid solution), inter-metallic compounds. 

Phase diagrams : basic concept, Construction of phase diagrams, Phase rule and 

applications, Lever rule and applications,  interpretation of phase diagram, single 

component system, study of phase diagram for complete solid solution, eutectic 

diagram with no solid solution, eutectoid, peritectic diagram, micro structural diagram  

developments: Study of Pb-Sn, Fe-C, Cu-Ni phase diagram 

Reference books: 

1. Material Sciences and Process, S. K. Hajara-Chaudhari, Indian Book 
Distributing Co. 

2. Material Science and Engineering, W.D. Callister, Jr. W, Wiley  Internatinal 
Editions, 2003. 

3. Material Science and Engineering , V. Raghavan, Prentice Hall of India Pvt. Ltd., 
New Delhi. 

   

UNIT-4: METALLURGICAL THERMODYNAMICS AND PHASE TRANSFORMATION:           

(5 HOURS) 

Thermodynamic origin of phase diagram, Solidification and crystallization, nucleation 

and growth, surface and volume energies, nucleation and critical radius in 

heterogeneous and homogenous nucleation, growth rate and nucleation rate, phase 

transformation in alloys  crystal growth, rate of crystal growth, Facets. 

 Reference books: 

 

1. Physical Metallurgy Part I and II, Edited by R. W. Cahn and H_Haasan, North 
Holland, 1983. 



2. Phase transformation in metals and allys, david A. Porter and K.E. Easterling, 
(Van Nostarnd Rcinhold Co., Newyork). 

3. Material Sciences and Process, S. K. Hajara-Chaudhari, Indian Book 
Distributing Co. 

 

UNIT-5: POLYMERIC MATERIALS              (PERIOD-8 HOURS) 

Basic concepts of polymer, Chemistry of polymers, size of polymer, molecular 

weight, molecular shape, structure, configuration, crystallanity, mechanisms of 

polymerization, mechanical, optical and thermal properties of polymers, electrical 

properties - conducting polymers.  

(Reference books: 

1. Material Sciences and Process, S. K. Hajara-Chaudhari, Indian Book Distributing 
Co. 

2. Material Science and Engineering, W.D. Callister, Jr. W, Wiley  Internatinal 
Editions, 2003. 

3. Material Science and Engineering , V. Raghavan, Prentice Hall of India Pvt. Ltd., 
New Delhi. 

 

     UNIT-6. CERAMICS:                    (PERIOD-4 HOURS)  

Classification of ceramics, structure of ceramics, silicates structure, mechanical, 

thermal and electrical properties of ceramic phases, applications. 

     Reference books: 

 

1. Material Sciences and Process, S. K. Hajara-Chaudhari, Indian Book Distributing 
Co. 

2. Material Science and Engineering, W.D. Callister, Jr. W, Wiley  Internatinal 
Editions, 2003. 
 

UNIT-7: ADVANCED MATERIALS            (PERIOD-10 HOURS) 

a) Nanomaterials: Concepts of nanomaterials- electron  confinement in infinitely 

deep square well, confinement in two and one dimensional well, idea of 



quantum well structure, quantum dots, mechanical, electrical, thermal, 

magnetic and optical properties of nanomaterials.  

b) Composite materials: 
Concepts of composites, Types of composites, particulate composites and Fiber 

Composites, Theories of hardening of composites.          

c)  Solar energy materials: ( or Solar Cell materials) 
Photovoltaic conversion materials, silicon, GaAs, CdS, CuInSe2, Black  Ni, Black 

Cr, selective coatings its properties 

Reference books: 

1. Material Sciences and Process, S. K. Hajara-Chaudhari, Indian Book 
Distributing Co. 

2. Material Science and Engineering, W.D. Callister, Jr. W, Wiley  Internatinal 
Editions, 2003. 

3. Nano: The essentials – Understanding  Nanoscience and Nanotechnology, T. 
Pradip, Tata Mac Graw Hills 

4. Nanotechnology, Booker and Boysen, Wiley. 
 

 

 

 

 

 

 

 

 

 

 

 



ES 303: PHOTOVOLTAICS AND WIND ENERGY SYSTEMS 

 

UNIT-1: SOLAR PHOTOVOLTAICS  

(a) Introduction         (PERIOD-4 Hours) 
The Photovoltaic effect, Photovoltaic cells and power generation, some important 
definitions,  Characteristics of Solar Cell: Photocurrent and quantum efficiency, dark 
current and open circuit voltage, efficiency, parasitic resistances, non-ideal diode 
behaviour           

(b) Basic Principles of Solar Photovoltaics    (PERIOD-6 Hours) 
(c) Detailed balance: in equilibrium, under illumination, Work available from a 

photovoltaic device: photocurrent, dark current, limiting efficiency, effect of spectrum 
on efficiency, requirements for ideal photoconverters.      
 

UNIT 2: SOLAR CELL: MATERIALS AND TECHNOLOGY    (PERIOD-8 Hours) 

Material Properties and synthesis techniques, solar cell and module properties, 
status and future prospects of: Silicon, cadmium telluride, copper indium diselenide  
Tandem cells and concentrating systems, dye-sensitized cells and organic solar 
cells 
 

UNIT-3: SOLAR PHOTOVOLTAIC SYSTEMS     (PERIOD-4 Hours) 

Introduction: Stand alone SPV systems: consumer applications, solar home 
systems, Residential systems, hybrid systems; Grid connected SPV systems: 
decentralised and central grid connected SPV systems      
          

Design Principles: A typical Solar Home System: Solar Modules, Battery, Solar 
Controller (regulator), Lights; How to design a solar home system: Estimating the 
load, sizing ans specifying batteries, photovoltaic modules, System sizing 
worksheets.          (8 Hours) 
 
System Wiring: cable sizing, line losses, circuit protection; steps in design and 
installation,  system maintenance      (4 Hours) 
Designing SPV systems with specific examples (at least two examples) 

(2 Hours) 
 



UNIT-4: WIND TURBINE POWER             (PERIOD-12 Hours) 

 
Energy and Torque, Power output from an ideal turbine, aerodynamics, power 
output from practical turbines, transmission and generator efficiencies, energy 
production and capacity factor, torque at constant speeds, turbine shaft power and 
torque at variable speeds. 
 
 

References: 
1. The Physics of Solar Cells: Jenny Nelson, Imperial College Press 
2. Photovoltaic Solar Energy Generation: A. Goetzberger, V.U. Hoffmann: 

Springer 
3. The Solar Entrepreneur’s Handbook: Geoff Stapleton, Gunaratne, Konings, 

Bandyopadhyay, WISE publication. 
4. Wind Energy Systems by Dr. Gary L. Johnson 
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MS/ES-401 NUCLEAR PHYSICS 
UNIT-1: NUCLEAR PROPERTIES          (PERIOD-04 HOURS) 

The nuclear radius, mass and abundance of nuclides, energy of nucleons in the 

nucleus, nuclear binding energy, nuclear angular momentum and parity, nuclear 

electromagnetic moments, nuclear excited states. 

UNIT-2: NUCLEAR MODELS            (PERIOD-08 HOURS) 

Constitution of the nucleus; neutron-proton hypothesis, Nature of nuclear force, 

Inventory of stable nuclides, Liquid drop model: Semi-empirical mass formula, 

applications of semi-empirical mass formula, limitations of liquid drop model, 

Nuclear Shell model: Shell model and it’s evidence, limitations of shell theory. 

 

UNIT-3: RADIOACTIVITY                      (PERIOD-10 HOURS) 

Radioactive disintegration and displacement law, Nuclear decay laws, half life, 

successive disintegrations, radioactivity equilibrium, radioactive dating methods. 

Alpha–decay: kinematics of alpha decay: alpha particle energy, penetration through 

the Coulomb barrier (Geiger-Nutall law) 

Beta-decay: The old beta decay theory and the neutrino hypothesis, Energy 

relations and Q-values in beta-decay, The Fermi theory of beta-decay, selection 

rule.   

Gamma decay: passage of gamma rays through matter, gamma ray spectra and 

nuclear energy levels, radiative transitions in nuclei. 

  

UNIT-4: DETECTION OF NUCLEAR RADIATION AND THEIR MEASUREMENT 

(PERIOD-06 HOURS) 

Interaction of radiations with matter, gas filled counters, scintillation detectors, 

semiconductor detectors, counting statistics, energy measurements, coincidence 

measurement and time resolution, measurement of nuclear lifetimes. 

 

UNIT-5: THE ACCELERATION OF CHARGED PARTICLES (PERIOD-06 HOURS) 



The van de Graff machine, cyclotron, frequency-modulated cyclotron, the betatron 

and the electron synchrotron, the proton synchrotron, Linear accelerators,  

 

UNIT-6: NUCLEAR FISSION AND FUSION        (PERIOD-06 HOURS) 

Characteristics of fission, Energy in fission, energy distribution between the fission 

fragments, energetic of fission process, cross section of neutron induced fission, 

controlled fission reactions, Q- value calculations, fission reactor, fission explosives,  

Basic fusion process, cross section of fusion reaction, critical temperature, Lawson 

criterion.                 

                                                                

UNIT-7: ELEMENTARY PARTICLES      (PERIOD-08 HOURS) 

Classification of elementary particles, conservation laws, fundamental interactions 

in nature. Elementaary idea of CP and CPT invariance.  

Quark hypothesis: Classification, Quark structure of mesons and baryons, Gellman-

Okubo mass formula. 

 
References: 

1. Introductory nuclear Physics, Kenneth S. Krane, John Wiley and Sons, 1988. 

2. Nuclear Physics, Irving Kaplan, Addison-wesley publishing company, Inc, 

1962. 

3. Introduction to Nuclear Physics, H. A. Enge, Addison-Wesley, 1975. 

4. Concepts of Nuclear Physics, Bernard L Cohen, Tata McGraw-Hill publishing 

company limited, 1971. 

5. Basic ideas and concepts in Nuclear Physics, K. Heyde, IOP publishing 

limited, 2005. 

6. Nuclear Physics, S. N. Ghoshal, S. Chand and company limited, 1994. 

7. Introduction to Atomic and nuclear Physics, Harvey E. White, Van Nostrand 

Reinhold company, 1964.  

 

 



MS-402:  MATERIAL SYNTHESIS METHODS 

 

UNIT-1: MATERIAL SYNTHESIS          (PERIOD-06 HOURS) 

Importance of the materials and methods, formation of thin and thick films with 
application,  

Synthesis of Bulk (Powder form) Materials: Basic concept, process description, 
preparation, blending of powder, compacting and sintering, advantages and 
disadvantages, application of the bulk material and a case study 

UNIT-2: CRYSTALS GROWTH             (PERIOD-04 HOURS) 

Importance of growing crystals and their applications, thermodynamic theory of 
crystal growth. 

Growth from solution methods: growth from water solution, gel method, flux method, 
hydrothermal method 

Growth from melt methods: Czocharalski crystal pulling (CZ), Bridgman-Stockbarger 
technique 

UNIT-3: THICK FILM DEPOSITION          (PERIOD-04 HOURS)  

Screen Printing: Basic aspects of the process, experimental set-up, substrate 
materials, screen printing and firing process, advantages and disadvantages, a case 
study. 

Doctor blade: Basic aspects of the process, experimental set-up, substrate 
materials, need of annealing step, advantages and disadvantages, a case study 

UNIT-4: THIN FILM DEPOSITION           (PERIOD-01 HOUR) 

Brief introduction regarding different methods for thin film formation (Physical and 
chemical), nucleation and growth mechanism      
            

CHEMICAL METHODS:                  (PERIOD-06 HOURS) 

Chemical bath deposition (CBD) method: Introduction, experimental set-up, basic 
requirements, basic mechanisms: ion-by-ion, hydroxide cluster and complex 
decomposition mechanism, deposition from acidic bath, effect of stirring, advantages 
and disadvantages,  a case study of CdS deposition, size quantization in CD films. 



Brief idea about SILAR (Successive ionic layer adsorption and reaction) method, 
advantages over CBD          
              

ELECTROCHEMICAL DEPOSITION         (PERIOD-06 HOURS) 

Introduction, principle, Faradays laws of electrolysis, experimental set-up, electrode, 
electrolyte, additives, power supply, substrate, Classification of elctrodeposition: 
potentiostatic, galvanostatic and cyclic voltametry,  Steps involved in 
electrodeposition process, Over potential term, nucleation and growth mechanism, 
advantages and disadvantages,  a case study     

                         

SPRAY PYROLYSIS:                      (PERIOD-05 HOURS) 

Principle, experimental set-up, preparative parameters: influence of temperature, 
precursor’s solution, Model for films deposition: Atomization of precursor’s solution, 
Aerosol transport, decomposition of precursor, advantages and disadvantages,  a 
case study of SnO2 deposition         
     

SPIN COATING:             (PERIOD-02 HOURS) 

Introduction, experimental set-up, Modeling spin coating, advantages and 
disadvantages, a case study.          
        

 

UNIT-5:PHYSICAL METHODS            (PERIOD-14 HOURS) 

      Introduction physical vapor deposition (PVD) and Chemical Vapor deposition     

      (CVD) 

Evaporation Methods: Thermal Evaporation (vacuum evaporation), Flash 
evaporation, Laser evaporation, Molecular beam epitaxy 

Chemical Vapor Deposition: Basic aspects of CVD, reactions in CVD, Types of CVD: 
atmospheric pressure, low pressure, plasma enhanced CVD.  

 



Sputtering: Basic principle of sputtering process, brief regarding triode sputtering, ion 
beam sputtering           
                

Reference books: 

1. Thin Film Phenomenon, K. L. Chopra, Mc Graw Hill, 1969. 
2. Hand Book of Thin Film Technology, L. I. Maissel and R. Glang Mc Graw Hill, 

1969 
3. Thin Film Processes. J. L. Vossen and W. Kem, (Academic Press, 1978) 
4. The Material Science of Thin Films, M. Ohring (Academic Press, 1972) 
5. Chemical Solution Deposition of semiconductor Films, Gary Hodes, Marcel 

Dekker Inc 
6. Thin Film Deposition Using Spray Pyrolysis, J. Electroceramics, 14 (2005) 

103-111 
7. Preparation of Thin Films, Joy George, Marcel Dekker, Inc. 
8. Handbook of semiconductor electrodeposition, R.K.Pandey, S.N.Sahu, 

S.Chandra 
9. Spin Coating for rectangular substrates, A Thesis written by G. A. 

Luurtesema, University of California, Berkeley, 1997 
 

 

 

 

 

 

 

 

 

 

 



MS-403:  CHARACTERIZATION OF MATERIALS 

UNIT-1: UV-VIS-IR SPECTROSCOPY                             (PERIOD-10 HOURS)   

Range of IR absorption, requirement for IR radiation absorption, theory of IR 

absorption spectroscopy, linear molecules, symmetric molecules, asymmetric 

molecules, Instrumentation, FTIR-application, limitations  

Color and light absorption, the chromospheres concept, theory of electronic 

spectroscopy-orbital’s involved in electronic transitions, laws of light absorption,-

Beer’s and Lamberts law, Instrumentation, UV-spectrophotometer, sample and 

reference cells, application of UV-Vis spectroscopy, Band gap determination (Direct , 

Indirect) for thin films.  

 

UNIT-2: RAMAN SPECTROSCOPY            (PERIOD-08 HOURS)  

Characteristic properties of Raman lines, differences between Raman spectra ad 

infrared spectra, mechanism of Raman effect, instrumentation, intensity of Raman 

lines, Application of Raman spectroscopy.  

 

UNIT-3: X-RAY DIFFRACTION           (PERIOD-08 HOURS)  

Crystalline state, X-ray diffraction process, preliminary discussion and single crystal 

pattern, and their information content, structure and structure factor determination, 

particle size determination, crystallography by diffraction of radiations other than X-

ray, application of X-ray diffraction measurement and analysis    

     

UNIT-5: ELECTRON MICROSCOPY 

Why uses electrons, electron lenses, factors limiting the performance of 

electromagnetic lenses            (PERIOD-02 HOURS)  



Transmission electron microscopy (TEM): Constituent parts and their functions with 

attachments, selected area, high resolution, reflection and scanned diffraction, dark 

field electron microscopy, reflected electron microscopy, X-ray microanalysis 

quantitative interpretation of crystalline image contrast.          (PERIOD-06 HOURS) 

Scanning electron microscopy (SEM): History, signal detection, equipment, nature of 

SEM image, secondary electron emission: the distribution of emitted secondaries, 

selection of secondaries in SEM, secondary electron yield, effect of angle, voltage 

and field contrast, specimen charging effect, factors affecting resolving power of 

SEM, relation between working distance, final aperture size and beam divergence in 

SEM. 

Energy dispersive X-ray spectroscopy (EDS): principle, instrumentation, sample 

analysis, limitations            (PERIOD-10 HOURS)  

UNIT-5: ATOMIC FORCE MICROSCOPY      (PERIOD-04 HOURS) 

Operating principle, Different operating modes: Contact, tapping, non-contact,  

forces between the tips and surfaces, limitations of AFM.     

  

Reference books: 

1. Elements of X-ray diffraction 

D. Cullity, Addision-Wesely Publishing Comp, USA. 

2. Encyclopedia of Materials Characterization, (Series) 

C Richard Brundle, Charles A Evans, Jr Shaun Wilson, Surface, Interfaces, 

Thin Films  

3. SEM Characterization of semiconductors 

D. B. Holt, and D.C. Joy, Academic Press, New Delhi 

4. Fundamental of molecular spectroscopy. 

N. Banwell, Tata McGraw-Hill Publ. Company Ltd New Delhi 



5. Electron Microscopes, J. A. Swift 

6. Introduction to Diffraction in Materials Science and Engineering,  

Aaron D Krawitz, John Willey and Sons Inc 

7. Atomic Force Microscopy,  

Cheryl R Blanchard, The Chemical Education, 1/vol. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ES-402: SOLAR THERMAL SYSTEMS 

 

UNIT-1: SOLAR RADIATION      (PERIOD-07 Hours) 
The Sun, the solar constant, spectral distribution of extra-terestrial radiation, 
variation of extra-terrestrial radiation, definitions, direction of beam radiation, angles 
for tracking surfaces, extra-terrestrial radiation on a horizontal surface 

 
 

UNIT-2: AVAILABLE SOLAR RADIATION:     (PERIOD-07 Hours) 
Instruments for measuring solar radiation and sunshine: pyrheliometer, 
pyranometer, sunshine recorder, apparent motion of the Sun,  sunrise, sunset and 
the day length, local apparent time, atmospheric attenuation of solar radiation, 
empirical equations for predicting the availability of solar radiation, solar radiation on 
a tilted surface 
 
UNIT-3: SELECTED HEAT TRANSFER TOPICS    (PERIOD-08 Hours) 
The electromagnetic spectrum, the blackbody, Planck’s law and Wien’s 
displacement law, Stephan-Boltzmann equation, Fourier’s law, IR radiation 
exchange between grey surfaces, sky radiation, radiation heat transfer coefficient, 
Natural convection between flat parallel plates and between concentric cylinders, 
wind convection coefficient 

 
UNIT-4: LIQUID FLAT PLATE COLLECTOR   (PERIOD-10 Hours) 
Introduction, Energy balance equation, transmittivity of cover systems, trasmissivity-
absorptivity product, overall loss coefficient and heat transfer correlations, collector 
efficiency factor, collector heat removal factor, testing procedure, the evacuated 
tube collectors, Introduction to concentrating collectors: classification and types 

 
UNIT-5: THERMAL ENERGY STORAGE     (PERIOD-05 Hours) 
Introduction, sensible heat storage: liquids, solids, analysis of a liquid storage tank; 
Latent heat storage 
 

UNIT-6: SOLAR CONCENTRATORS:    (PERIOD-11 Hours) 
Concentration ratio, Acceptance angle, Stationary collectors: Compound parabolic 
collectors, Sun-tracking collectors: parabolic trough collector, Fresnel collector, 
parabolic dish reflector, Heliostat field collectors; optical and thermal performance of 
a concentrating collector. 



 
 
References:  
 

1. Solar Engineering of Thermal Processes: John A. Duffie and William A. Beckmann 
2. Solar Energy: S.P. Sukhatme 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
ES-403: ENERGY AUDIT AND MANAGEMENT 

 
UNIT-1: ENERGY AUDITING BASICS    (PERIOD-3 Hours) 
Introduction, types of energy audits, the audit process, pre-site work, post-site work, 
the audit report 

 
UNIT-2: ENERGY ACCOUNTING AND ANALYSIS  (PERIOD-5 Hours) 
Introduction, electric demand, load factor, analyzing energy data, identifying 
potential measures, industrial audit opportunities 

 
UNIT-3: ECONOMIC ANALYSIS AND LIFE CYCLE COSTING (PERIOD-10 Hours) 
Introduction, Costs: categories, cash flow diagrams and tables, simple payback 
period cost analysis, economic analysis using the time value of money, discounted 
cash flow analysis, discounted cash flows: basics and single sum analysis, 
methodology using discounted cash flows, cost effectiveness measures using 
discounted cash flows, Life cycle costing 
 
UNIT-4: ELECTRIC ENERGY MANAGEMENT             (PERIOD-10 Hours) 
Introduction, Power supply, motor and motor related terms, power factor, formulas 
and rules of thumb, electric motor operating loads, power meter, electric motor 
efficiency, comparing motors, motor efficiency management, 
Reference: Energy Management Handbook Sixth Edition Wayne C. Turner and 
Steve Doty 

 
UNIT-5: LIGHTING               (PERIOD-10 Hours) 
Introduction, components of the lighting system, lamp characteristics, lamp types, 
ballasts, Luminaries, determining lighting needs, the lighting survey, safety issues, 
identifying potential EMOs. 
 
UNIT-6: PROCESS ENERGY MANAGEMENT           (PERIOD-10 Hours) 
Introduction, steps for process improvement, motors and adjustable speed drives, 
air compressors, examples of process energy improvements, common energy 
management opportunities 

 

References: 

1. Handbook of Energy Audits Seventh Edition by A. Thumann and W.J. Younger 



2. Guide to Energy Management (International Version) Fifth Edition by Barney 
Capehart, Wayne C. Turner and W.J. Kennedy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



List of experiments for practicals 

MS/ES-105: General Laboratory-I 

1. Study of differential amplifiers 
2. Design of CE amplifier 
3. PAM, PWM and PPM: modulation  and demodulation 
4. Study of multivibrators 
5. Study of JFET as amplifier and switch 
6. Study of digital to analog converter.  
7. Study of PID controller 
8. Study of modulation and demodulation 
9. Study of H-parameter of transistor 
10. Computer Programming: Writing computer programs for various numerical 

methods for integration, solving differential equation, finding roots of equation, 
interpolation, extrapolation; straight line fitting, non-linear curve fitting 

 

MS/ES-205: General Laboratory-II 

1. Straight line fitting,  
2. non-linear curve fitting 
3. Data fitting with cubic spline 
4. Four probe method 
5. Determination of bandgap of semiconductor 
6. Study of dispersion relation for the monoatomic lattice and diatomic lattice. 
7. Study of GM tube 
8. Determination of absorption coefficient of beta rays in Al 
9. Study the Hall effect phenomenon and determine the Hall coefficient and type of 

charge carrier. 
10. Conductivity of ionic conductors. 
11. Study of different type of transducers 
12. Determination of Plank’s constant by solar cell 
13. Determination of Stefan’s constant by using a diode. 

 

ES-304 and 404: Special Laboratory-I and II (For energy studies only) 

1. Identifying and measuring the parameters of solar PV module in the field.  
2. Series and parallel connections of PV modules 
3. Estimating the effect of sun tracking on energy generation by SPV module. 



4. Efficiency measurement of standalone SPV system. 
5. Dark and illuminated IV characteristics of solar cells 
6. Carrier lifetime measurement of solar cell. 
7. Spectral response measurement  
8. Solar cell simulation using PC1D simulator 
9. To demonstrate the effect of shading tilt, temperature and radiation on SPV 

module performance. 
10. Work out power flow calculations of standalone SPV system of DC/AC load with 

battery. 
11. To draw the charging and discharging characteristics of battery. 
12. Experiments based on solar thermal training kit.  
13. Determination of Calorific value using Bomb Calorimeter. 

 

MS-304 and 404: Special Laboratory-I and II (For Materials Science only) 

1. Study of the UV-Visible absorption spectrophotometer and determining the band 
gap of the given sample.  

2. Study of the X-ray diffractometer  and determining the crystal structure of given 
data.  

3. To determine the thickness of given thin film by using the Tolansky method. 
4. Deposition of thin film by using SILAR method. 
5. Deposition of thin film by using CBD method. 
6. Deposition of thin film by using spin coating method. 
7. Deposition of thin film by using thermal evaporation technique. 
8. Deposition of thin film by using spray pyrolysis technique. 
9. Study of Magneto resistance phenomenon. 
10. To determine the glass transition temperature of given polymer sample. 
11. Determination of Young’s Modulus and Poisson’s ratio of given materials. 
12. To determine the phase diagram of given binary compound. 

 

 

MS/ES-304 and 404: Special Laboratory-I and II (Common for both Materials Science 
and Energy Stidies) 

1. Determination of susceptibility by using Guoy’s method 
2. Determination of susceptibility by using Quink’s method 
3. Determining the curie temperature of given sample. 



4. Dependence of Hall coefficient on temperature. 
5. Determination of thermal conductivity using Lee’s Disc apparatus. 
6. Determination of thermal conductivity using Lagged pipe.  
7. Determination of resistivity using 4-probe method. 
8. Determination of thermoelectric EMF of copper iron thermocouple. 
9. Study of Fourier analysis. 
10. Frank-Hertz experiment 
11. GM tube experiments 
12. Determination of skin depth in metals. 

Note: Addition and deletion in the list of experiments may be made from time to time by 
the department. 

 

MS/ES-305 and MS/ES-405 are project courses 

 


