
Detailed Course Content  
Semester I

(2019-2020) 
PAPER-I: MATHEMATICAL PHYSICS 

 
 
Unit-I: Vector space and Matrices, Linear independence, Bases, dimensionality, Inner 

product, Linear transformation, matrices, Inverse, Orthogonal and Unitary 
matrices, Independent element of a matrix, Eigen values and Eigen Vectors, 
Diagonalization, Complete orthonormal sets of functions. 

 
Unit-II: Complex Variables: Cauchy- Riemann condition, analytic  

theorem, Cauchy integral formula, Laurent series, singularities, residue 
theorem, contour integration, evaluation of definite integrals, problems. 

 
Unit-III: Differential equations, first order differential equation, second order differential 

equation with constant coefficients, second order linear ODEs with variable 
coefficients, Solution by series expansion, nonhomogeneous differential 

 
 
Unit-IV: Special functions, Legendre, Bessel, Hermite and Laguerre functions with their 

physical applications, generating functions, orthogonality conditions, recursion 
relations, 

 
Unit-V: Integral transforms, Fourier integral and transforms, inversion theorem, Fourier 

transform of derivatives, convolution theorem, Laplace Transform(LT), LT of 
Derivatives, Inverse LT, Fourier series; properties and applications, discrete 
Fourier transform. 

 
 
TEXT AND REFERENCE BOOKS 

 
1. Mathematical Methods for Physics, by G. Arfken. 
2. Matrices and Tensors for Physicist, by A. W. Joshi. 
3. Advanced Engineering Mathematics, by E. Kroyazig. 
4. Special Functions, by E. B.Rainville. 
5. Special Functions, by W.W.Bell. 
6. Mathematical Method for Physicist and Engineers, by K. F. Relly, M. P. Hobson 

and S. J.Bence 
7. Mathematics for Physicists, By Marry L.Boas. 



 

Paper - II: CLASSICAL MECHANICS 
 
Unit-I  Preliminaries, Newtonian mechanics of one and many particle systems, 

Conservation laws, Constraints & their classification, Principle of virtual 

equations, Velocity-dependent potentials and dissipation function, Simple 

inciple, Conservation theorems and Symmetry 
properties, Energy function and the conservation of energy. 

 
Unit-II  The Hamiltonian formulation of mechanics, Legendre transformations and the 

 

least action, Simple applications of the Hamiltonian formulation. 
 
Unit-III  

brackets, Equations of motion and conservation theorems in the Poisson 
Bracket formulation. Hamilton-Jacobi (HJ) theory: The HJ equation for 

 action- 
angle variables 

 
Unit IV  The Central force: Two-body central force problem and its reduction to the 

equivalent one-body problem, The equations of motion and first integrals, The 
equivalent one-dimensional problem and classification of orbits, The 
differential equation of the orbit, Closure and stability of orbits, The Kepler 
problem, Scattering in a central force field: Rutherford scattering. 

 
Unit  V  

rigid body, Rate of change of a vector, The Coriolis force, Angular  
momentum and Kinetic energy of motion about a point, The Euler equations  
of motion of rigid bodies. Formulation of the problem of small oscillations, 
The Eigen-value equation and the principal axis transformation, Frequencies  
of free vibration and normal coordinates, Free vibration of linear triatomic 
molecule. 

 
TEXT AND REFERENCE BOOKS 

 
1. Classical Mechanics, By N.C. Rana and P.S. Joag (Tata McGraw-Hill,1991) 
2. Classical Mechanics, by H.Goldstein (Addison Wesley,1980) 
3. Classical Mechanics, by H.Goldstein, C Poole & J Fafko (PearsonEducation, Inc,2002) 
4. Mechanics, by A.Sommerfeld, (Academic press,1952) 
5. Introduction to Dynamics by Perceival and D.Richaeds(Cambridgeniversity, 

press ,1982). 



 

Paper-III: ELECTRODYNAMICS & PLASMA PHYSICS 
 
Unit-I   equation, Gauge 

transformations, Lorenz gauge, Coulomb gauge, Green function for the wave 
equation, four-vectors, mathematical properties of the space-time in special 
relativity, matrix representation of Lorentz transformation, covariance of 
electrodynamics, transformation of electromagnetic fields. 

 
Unit-II  Radiation by moving charges, Lienard-Wiechert potential and fields for a point 

charge, total power radiated by an accelerated charge- 
relativistic generalization, angular distribution of radiation emitted by an 
accelerated charge, radiation emitted by a charge in arbitrary extremely 
relativistic motion, distribution in frequency and angle of energy radiated by 
accelerated charge. 

 
Unit -III  Bremsstralung: emission from single-speed electrons, thermal Bremsstralung 

emission and absorption, Synchrotron radiation: spectrum of synchrotron 
radiation, spectral index for power law electron distribution, transition from 
Cyclotron to Synchrotron emission, Cherenkov radiation 

 
Unit-IV Plasma: definition, Debye shielding phenomenon and criteria for  plasma,  

motion of charged particles in electromagnetic field; Uniform E & B fields, 
Electric field drift, Non-uniform magneto static field, Gradient B drift, Parallel 
acceleration and magnetic mirror effect, Curvature drift, adiabatic in variants. 

 
Unit-V  Elementary concepts of plasma kinetic theory, the Boltzmann equation, the 

basic plasma phenomena, plasma oscillations. Fundamental equations of 
magneto- hydrodynamics (MHD), Hydrodynamics Waves; Magneto sonic and 
Alfven waves, Magnetic viscosity and magnetic pressure, plasma confinement 
schemes. 

 
REFERENCE BOOK: 

 
1. Jackson, classical electrodynamics. 
2 Rybicki & Lightman: Radiative Processess in Astrophysics 
2 Panofsky and Phillips: Classical electricity and magnetism. 
3 Bittencourt, Plasma physics. 
4 Chen:  Plasma physics. 



 

Paper - IV: ELECTRONICS 

Unit-I  Operational Amplifier- Basic Op. Amp. Differential amplifier, the emitter  
coupled Difference Ampl, Transfer characteristics of a Diff. Ampl., an 
example of an IC Op.-Amp., off set error voltage and currents, measurement  
of Op.-Amp. Parameters, frequency response of Op-amp. Linear analog 
systems: Basic Op.-Amp. Applications, Analog integration and differentiation, 
Electronic analog computation, Non-linear analog systems: Comparators, 
Wave form generators. 

 
Unit-II      Combinational Logic Basic logic gates: OR, AND and NOT gates, NOR and 

characteristics of logic families, saturated logic families: RTL, DCTL, non- 
saturated logic families: TTL and ECL, Unipolar logic families. 

 
Unit -III   Sequential Logic, Flip-flops: RS Flip-flop, level clocking, Edge triggered Flip 

Flops, D Flip flops. JK Flip-flops, J.K. master slave Flip-flops, Registers: 
buffer, shift and control shift registers, counters: ripple synchronous & ring 
counters, tri - state registers, Buffer: controlled buffer Register, Bus organized 
structure, Latch, multiplexer, De multiplexer, decoder, ALU Memories: RAM, 
ROM, PROM, EPROM, A/D and D/A converters. 

 
Unit-IV   Microprocessors  Building concept of microprocessors, developing inside of 

microprocessor , Instruction codes ,Instruction Register ,Introducing RESET 
Pin, Introducing on chip oscillator, Interfacing I/O devices, Introducing 
Interrupt lines :Stack, Push, Pop operation ,delay in servicing interrupts, 
multiply interrupts, location for interrupts .Introducing slow and fast data 
transfer, Status of microprocessor, interrupt pins, General purpose Register, 
flag Register, Increment/decrement register. Features of 8085 microprossor. 
Pin diagram of 8085, block diagram of 8085. CPU of a microprocessor, timing 
and control, system timings and interrupt timings of 8085, registers in 8085, 
interfacing memory and I/O devices- a preliminary ideas. Number system, 
Floating Point notation. 

 
Unit - V   Instructions set of 8085, types of instructions- Data transfer group, Arithmetic 

logic, branch group, stack I/O machine control group, addressing mode of 
Intel 8085, examples of Assembly language programs of 8085, summing of 
two 8-bit numbers to result a 16-bit number, summing two 16-bit number, 
multiplying two 8-bit number to result a 16-bit product, block transfer of data 
from one memory block to other, BCD to hexadecimal data, finding the 
largest number in a series. 

 
 
 
 
 



 

 
 
 

Text and reference books: 

 
1. Integrated Electronics: J.Millman R.C.C. Halkias. 
2. Electronics devices and circuit theory, by Robert Boylested and Louis Nashdaky 

PHI, New Delhi-110001,1991. 
3. Operational amplifier linear integrated circuits, by Romakanth A. GayakwadPHI, 

second edition1991. 
4. Digital computer electronics- An introduction tomicrocomputers-A.P.Malvino. 
5. Digital finances and applications, by A.P. Malvino and Donald P.Leach,Tata 

    McGraw Hill company, New Delhi 1993. 
6. Microprocessor architecture, programming applications with 8085/8086 by 

Ramesh S.Gaonkar, Willey-Eastern limited1987. 
7. Introduction to microprocessors  A.P.Mathur (TataMcGraw). 
8. Microprocessors-Theory and applications- M.Hafiquizzaman (Prenticehall). 
9. Microprocessors fundamentals- SchanmiOutling Service 

AuthorPocerL.Tokheim. 
10. Integrated circuits : K KBotkar( Khannapublications) 
11. Digital Electronics : R P Jain ( Tata McGrawHill) 
12. Microprocesss : BRam 
13. 8-bit microprocessor : V.J.Vibhute& P.B. Borole(Tecn-Max Publication,Pune) 



  

 
 
Laboratory Course 

Lab I-A:  General & Optics (Any ten) 
 

1. Determination of band gap of semiconductor by four probmethod. 
2. Measurement of Hall Coefficient of given semiconductor: identification of type of 

semiconductor and estimation of charge carrierc on centration. 
3. Determination of wavelength of mercury light by constant deviation spectrometer 

using Hartmann formula. 
4. Ultrasonic velocity in a liquid as a function of temperature using ultrasonic 

interferometer. 
5. Experiment on transmission line (A) Determination of characteristics impedance, 

(B) Study of voltage distribution. 
6. Determination of the Curie temperature of ferromagnetic material. 
7. Determination of forbidden gap of a diode by plotting reverse saturation current 

as a function of temperature. 
8. Determination of operating voltage and study the characteristics of a G Mtube. 
9. Determination of operating voltage of a GM tube and determine the linear 

absorption coefficient. 
10. Determination of operating voltage of a GM tube and verify inverse-square law. 
11. Determination of short half-life of a given source which can be obtained from 

a mini generator or produced with a neutron source by activation. 
12. X-ray diffraction by Telexometer. 
13. Determination of ionization potential of Lithium/Mercury. 
14. Determination of e/m of electron by Normal Zeeman Effect using Febry-Perot 

Etalon. 
15. Determination of Dissociation energy of iodine (I2) Molecule by photography, 

the absorption bands of I2 in the visible region. 
16. Measurement of wavelength of He-Ne Laser light using a ruler and thickness of 

thin wire by the laser. 
17. To study Faraday Effect using He-Ne Laser. 

 
 

Lab I-B:  Electronics (Any ten) 
 

1. Design & Study of Regulated Power supply. 
2. Study of Transistor Amplifiers in CE, CB, and CC modes. 
3. Study of Transistor Bias Stability. 
4. Study of Astable, Monostable and Bistable Multivibrator. 
5. Study of Silicon Controlled Rectifier. 
6. Experiment of Uni  Junction Transistor and its application. 
7. Experiment of FET and MOSFET characterization and application as an amplifier. 
8. Study of Differential. Amplifier. 
9. Basic Logic gates and verification of their Truth-Tables. 
10. Combinational logic gates and verification of De-  Theorem. 
11. Study of Basic Operational Amplifier(741). 
12. Study of Opto- Electronics Devices. 



  

Semester – II 

(2019-2020) 
 

 

PAPER - I: QUANTUM MECHANICS-I 

 

Unit - I    Inadequacy of classical mechanics, Planck’s quantum hypothesis and radiation 

law, Photoelectric effect, De-Broglie’s theory. Schrödinger equation, 

continuity  equation,  Ehrenfest   theorem, admissible wave functions, 

stationary states, one-dimensional problems; potential well and barriers, 

Schrödinger equation for harmonic oscillator and its solution, uncertainty 

relations, states with minimum un certainty product. 

 

Unit –II   Superposition principle, general formalism of wave mechanics, representation 

of states and dynamical variables, commutation relationship, completeness 

and normalization of Eigen functions, Dirac-delta function, Bra & Ket 

notation, matrix representation of an operator, harmonic oscillator and its 

solution by matrix method, Heisenberg equation of motion. 

 

Unit -III   Angular momentum in quantum mechanics, commutation relationships, Eigen 

values, Spin angular momentum, Pauli`s matrices, addition of angular 

momentum, Clebsch-Gordon coefficients. 

 

Unit – IV  Central force problem, spherically symmetric potentials in three dimensions, 

separation of wave equation, parity, three-dimensional square-well potential 

and energy levels, the hydrogen atom; solution of the radial equation, energy 

levels and stationery state wave functions, discussion of bound states, 

degeneracy. 

 

Unit –V   Time- independent perturbation theory, non-degenerate case, first order and 

second perturbations with the example of an oscillator, degenerate cases, 

removal of degeneracy in second order, Zeeman effect without electron spin, 

first-order Stark effect in hydrogen, perturbed energy levels, correct Eigen 

function, occurrence of permanent electric dipole moments. 

 

 

TEXT AND REFERENCE BOOKS: 

1. L.I. Schiff: quantum mechanics (McGraw-Hill). 

2. S. Gasiorowicz, Quantum Physics(Wiley). 

3. Landau and Lifshitz : Non-relativistic quantum mechanics. 

4. B.Craseman and Z.D.Powell: quantum mechanics (Addison Wesley) 

5. A.P. Messiah: Quantum Mechanics. 

6. J.J. Sakurai : Modern Quantum Mechanics. 

7. Mathews and Venkatesan : Quantum Mechanics. 



  

PAPER – II: STATISTICAL MECHANICS 

 

 

Unit-I   Foundation of statistical mechanics: macroscopic and microscopic states, 

contact between statistical and thermo dynamical quantities, physical 

significance of Ώ(N, V, E), the classical gas, entropy of mixing and Gibb’s 

paradox, phase space of classical system, Liouville`s theorem and its 

consequences, quantum states  and phase space. 

 

Unit- II   Elements of ensemble theory – A system in micro canonical, canonical, and 

grand canonical ensembles, partition functions, physical significance of 

statistical quantities, example of classical system, energy and energy-density 

fluctuations and mutual correspondence of various ensembles. 

 

Unit -III   Formulation of quantum statistics – Quantum mechanical ensemble theory, 

density matrix, statistics of various quantum mechanical ensembles, system 

composed of indistinguishable particles. 

Theory of simple gases –Ideal gas in various quantum mechanical ensemble, 

Maxwell-Boltzmann, Bose-Einstein, Fermi-Dirac distributions, statistics of 

occupation number. 

 

Unit - IV  Ideal Bose and Fermi gases -Thermodynamic behavior of an ideal Bose gas, 

Bose-Einstein condensation and, elementary excitations in liquid helium II, 

Thermodynamic behavior of an ideal Fermi gas, the electron gas, 

nonrelativistic and relativistic degenerate electron gas, theory of white dwarf 

stars. 

 

Unit -V    Statistical Mechanics of interacting systems – the method of cluster expansion 

for a classical gas, Virial expansion of the equation of state. Theory of phase 

transition – general remark on the problem of condensation, Fluctuations: 

thermodynamic fluctuations, Spatial correlation in a fluid Brownian motion: 

Einstein Smoluchowski theory of Brownianmotion. 

 

 

 

TEXT & REFERENCE BOOKS – 

 

1. R. K. Pathria, Statistical Mechanics (PergamonPress). 

2. L. D. Landau & E. M. Lifshitz (Butter worth and HeinemannPress). 

3. FederickReif, Fundamental of statistical and thermal physics (McGraw-Hill 

publishers). 

4. Kerson Huang, Statistical Mechanics (WileyEastern). 



  

PAPER –III: ELECTRONIC & PHOTONIC DEVICES AND OPTICAL 

MODULATORS 

 

 

Unit– I  Special Bipolar devices: Thyristors- the four-layer diodes and their basic 

characteristics, Schottky diode, three terminal thyristor, Diac &Triac, SCR, 

UJT, Field controlled Thyristors. 

 

Unit- II  Unipotar Devices : JFET, MESFET and MOSFET, basic structure, working 

and device I-V characteristics, small signal equivalent circuit for Microwave 

performance Introduction to MIS and MOS diodes, charge coupled devices 

(CCDs), basic structure and working principle , MOSFET-basic device 

characteristics, types of MOSFET. 

 

Unit-III  Special Microwave Devices: Tunnel diode and backward diode- basic 

device characteristics, IMPATT diodes and their static and dynamic 

characteristics, Transfer electron devices- transferred electron effect, Gunn 

diodes. 

 

Unit-IV  Photonic Devices: Radiative transitions, LEDs, Visible and infrared SC lasers; 

Photo detectors; Photo conductor, & Photodiode, Solar cells, Solar radiation 

and ideal conversion efficiency, p-n junction solar cells, Hetero junction. 

Interface thin film solar cells. 

 

 

Unit -V  Optical Modulators and Display Devices: Modulation of light- Birefringence, 

Optical activity, Electro-optic, Magneto-optic and Acoustic- optic effects, 

Materials exhibiting these properties, Non-linear optics. Display devices: 

Luminescence, Photo-luminescence, Electro-luminescence, Liquid crystal 

displays, Numeric displays. 

 

 

TEXT & REFERENCE BOOKS- 

 

1. Semiconductor Devices – Physics and Technology, by S M Sze,Wiley(1985) 

2. Introduction to semiconductor device, M.S. Tyasi, John Wiley andsons 

3. Measurement, Instrumentation and experimental design in physics and engineering 

by M.Sayer and A.Mansingh, Prentice Hall  India2000 

4. Optical electronics by Ajay Ghatak and K.Thyagarajah, Cam.Univ.Press. 

5. Opto electronics – An introduction: J.Wilson and JFB Hawkes (Eastern Economy 

Edition). 

6. Optical Communications: J.H. Franz and V.K. Jain(Narosa). 



  

PAPER – IV: COMPUTATIONAL METHODS AND PROGRAMMING 

 

Unit–I Methods for determination of zeroes of linear and nonlinear algebraic 

equations and transcendental equations, convergence of solutions.  

Solution of simultaneous linear equations, Gaussian elimination, pivoting, 

iterative method, matrix inversion. 

 

Unit –II       Finite differences, interpolation with equally spaced and unevenly spaced 

points, curve fitting, polynomial least squares and cubic spline fitting. 

Numerical differentiation and integration, Newton-Cotes formulae, error 

estimates, Gauss method. 

 

Unit –III    Numerical solution of ordinary differential equations, Euler and Runge-  

Kutta methods, predictor-corrector method, elementary ideas of solutions 

of partial differential equations. 

 

Unit- IV   Elementary information about digital computer principles, compilers, 

interpreters and operating systems (Windows/Linux) Fortran 

programming, flow charts, integers and floating point arithmetic, 

expressions, built in functions. 

 

Unit-V           Executable and non-executable statements, assignments, control and input-  

output statements, subroutines and functions; The statement functions, 

main features of functions and subroutines, subprogram, function 

subprogram, overall structure of FORTRAN program, external statement, 

subroutine subprogram, common statement, equivalence statement, 

operations with files-open and close statement, Format statements, field 

specifications. 

 

 

TEXT AND REFERENCE BOOKS 

 

1. Sastr: Introductory Methods of NumericalAnalysis. 

2. Rajaraman: NumericalAnalysis. 

3. Antia: Numericalmethods. 

4. Raja Raman: FORTRANprogramming. 



  

Laboratory Course 

 

Lab II-A: Numerical Analysis & Computer Programming (Any ten) 

 

1. To solve simultaneous Linear equation by Gauss Elimination method. 

2. To calculate the root of a transcendental equation by Newton – Raphsons method. 

3. Solving the system of linear simultaneous equation by Gauss Serdel method. 

4. Numerical Integration by Simpson’s 1/3Rule. 

5. Solving simultaneous Linear equation by Gauss-Jordon method. 

6. Solution of Differential equation by Euler’s Method. 

7. To invert a given matrix by Gauss-Jordon Method. 

8. Solution of Differential equation by Runga Kutte Method. 

9. To fit the given data in a straight line by linear regression Method. 

a) WAP to find the Largest of n number of series. 
b) To calculate the standard deviation of a given set of data. 

10. To write a program to compute the complex roots of a given polynomial of 

N
th

degree by Grafffe’s Method. 

11. To write a program to compute the Eigen values of a given matrix. 
12. To integrate a given function by: (a) Trapezoidal method or by (b) Gauss 

Quadrature. 

13. To find solutions of Ist order, ordinary differential equation by Taylor method 

 

Lab II-B: Digital Electronics & Microprocessor (Any ten) 

1. Study of R-S, D/T, J-KFlip-Flops. 

2. Study of counters: Ripple, Mode 3, Mode 5counters. 

3. Study of ShiftRegister. 

4. Study of R-2R D/AConverter. 

5. Study of Random Access Memory (RAM) Read Only Memory.(ROM) 

6. Study of A/DConverter. 

7. Experiment with Microprocessor:-I 

(a) Convert BCD in toHEXADECIMPL 

(b) To transfer group of date blocks from one location to anotherlocation. 

8. Experiment with microprocessor: -II 

(a) To write programs for addition of two 1 byte data giving results of 2bytes. 

(b) To write programs for multiplication of two 1 byte data giving results of 2bytes. 

9. (a) To add 2 16-BIT numbers stored in locations from x xxx to x xxx + 3 andadd 

them store the results from x xxx  + 4 to x xx x+6 memorylocation 

(b) To find the largest of n numbers of aseries. 

10. To arrange N numbers in an ascendingorders. 

11. Experiments withMicroprocessor. 

(a) Convert BCD in to binary andvice-versa. 

(b) To transfer group of data blocks from one location to anotherlocation. 

(c) To write programs for addition of two 1byte data giving  result of 2bytedata 

(d) To write programs for multiplication of two 1 byte data giving result of 2bytedata. 

12. Logic gate study DTL andRTL. 

13. Study ofadder/Subractor. 
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