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Scheme of Examination for M. Sc. programme 
 

First Semester from July to December 

 
COURSE 

CODE 
COURSE TITLE Category CREDITS 

 PHY-401 Mathematical Physics CC-11 5 

 PHY-403 Classical Mechanics CC-12 5 

 PHY-405 Statistical Mechanics CC-13 5 

 PHY-407 Electronics and Instrumentation PC-11 5 

 PHY-409 Seminar / Scientific Communication Seminar 2 

Second Semester from January to June   

 
COURSE 

CODE 
COURSE TITLE Category CREDITS 

 PHY-402 Experimental Techniques CC-21 5 

 PHY-502 Classical Electrodynamics CC-22 5 

 PHY-504 Quantum Mechanics CC-23 5 

 PHY-506 Physics Laboratory-I PC-21 5 

 PHY-508 Research Ethics, IPR, Human Values and Scientific Writing VAC 2 

Third Semester from July to December   

 
COURSE 

CODE 
COURSE TITLE Category CREDITS 

 PHY-501 Solid State Physics CC-31 5 

 PHY-503 Atomic, Molecular and Laser Physics CC-32 5 

 PHY-505 Quantum Mechanics and Nuclear Physics CC-33 5 

 PHY-507 Physics Laboratory-II / Computational Physics PC-31 5 

 PHY-509 Seminar / Internship / Apprenticeship Seminar/Internship 2 

Fourth Semester from January to June 

 
COURSE 

CODE 
COURSE TITLE Category CREDITS 

 PHY-510 Digital Electronics and Computational Methods CC-41 5 

 PHY-512 Materials Physics and Nanoscience CC-42 5 

  PHY-514 Plasma Physics   CC-43   5 

 PHY-516 Advanced Physics Laboratory / Microprocessor Lab PC-41 5 

 PHY-518 Numerical Methods using Python VAC/EESC 2 

 

 

Year Credits Remark 

Year-I 44 Eligible exit point: PG diploma in Physics after successful completion of Year I 

Year-II 44 Includes advanced coursework in Semesters III and IV under Scheme B-2, Option 1 

Total 88 2-year PG programme under Scheme B-2, Option 1 
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M. Sc. (PHYSICS): SEMESTER– I 

 
 

 

PHY-401 MATHEMATICAL PHYSICS 05 credits 

 

Vector Algebra, Linear Algebra, and Differential Equations Vector algebra and vector calculus; linear algebra, 

matrices, the Cayley–Hamilton theorem, eigenvalues and eigenvectors; first- and second-order linear ordinary 

differential equations.  

 

Linear Algebra: Vector spaces and subspaces; linear independence, span, basis, and dimension; linear transformations; 

image and kernel; rank and nullity; change of basis and similarity transformations; inner product spaces; orthonormal 

sets and the Gram–Schmidt orthogonalization procedure; dual spaces; eigenvalues and eigenvectors; and Hilbert spaces. 

 

Curvilinear Coordinate Systems: General curvilinear coordinate systems with specific treatment of Cartesian, 

cylindrical, and spherical coordinate systems. 

 

Ordinary and Partial Differential Equations: Series solutions of differential equations, including the Frobenius 

method; and Sturm–Liouville equations. 

 

Special functions: Bessel functions of the first and second kind, Hermite, Legendre, Associate Legendre and Laguerre 

polynomials. Their recursion relations, generating functions, and orthogonality.  

 

Integral transforms: Fourier integral. Fourier transform and inverse Fourier transform. Fourier transform of derivatives. 

Convolution theorem. Elementary Laplace transforms. Laplace transform of derivatives. Application to a damped 

harmonic oscillator. 

 

Green’s functions: Non-homogeneous boundary value problems, Green’s function for one-dimensional problems, 

Green’s function for electrostatic boundary value problems and quantum-mechanical scattering problem. 

 

Complex variables: Analyticity of complex functions. Cauchy-Riemann equations. Cauchy theorem. Cauchy integral 

formula. Taylor’s, Maclaurin, Laurent series. Residue Theorem, Simple cases of contour integration. Integrals involving 

multiple-valued functions. 

  

Books Recommended: 

1. Mathematics of Engineers and Physicists: L. A. Pipes 

2. Mathematical Methods for Physicists: G. B. Arfken 
 
3. Mathematical Physics: H. K. Dass, R. Verma 

4. Schaum’s Outline Series. 
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Course 

Outcomes 

(COs) 

 

Description 

CO1 
Apply the principles of vector algebra, vector calculus, linear algebra, and ordinary differential 

equations to formulate and solve mathematical problems encountered in physical sciences.  

CO2 
Analyze vector spaces, linear transformations, eigenvalue problems, inner product spaces, Hilbert 

spaces, and curvilinear coordinate systems to represent and interpret physical systems in different 

mathematical frameworks.  

CO3 
Solve ordinary and partial differential equations using series methods, Sturm–Liouville theory, 

special functions, and integral transform techniques including Fourier and Laplace transforms for 

applications in physics.  

CO4 
Employ Green's function methods to obtain solutions of non-homogeneous boundary value 

problems arising in electrostatics, quantum mechanics, and other areas of theoretical physics.  

CO5 
Utilize the theory of complex variables, including analytic functions, contour integration, residue 

calculus, and series expansions, to evaluate complex integrals and solve advanced mathematical 

problems in physics. 
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PHY-403 CLASSICAL MECHANICS 05 credits 
 
 

Lagrangian Formulation and Conservation Laws: Generalized coordinates; degrees of freedom; configuration space; 

principle of least action; Lagrange’s equations; Lagrangian of a free particle and a system of particles; motion in a 

potential field; generalized momenta and generalized forces; homogeneity of time and conservation of energy; 

homogeneity of space and conservation of linear momentum; isotropy of space and conservation of angular momentum; 

centre-of-mass motion; mechanical similarity and virial theorem. 

 

Integration of Equations of Motion and Central Force Problems: One-dimensional motion; qualitative analysis using 

potential energy curves; motion in a central field; effective potential; reduction of the two-body problem; angular 

momentum and radial motion; Kepler problem; planetary orbits; motion under inverse-square law; scattering in a central 

field; Rutherford scattering formula; transformation between centre-of-mass and laboratory frames. 

 

Collisions and Small Oscillations: Elastic and inelastic collisions; conservation laws in collisions; two-body collision 

problem; centre-of-mass frame and laboratory frame; relation between scattering angles in different frames; energy 

transfer in collisions; threshold energy; stable equilibrium and small deviations; normal modes; characteristic 

frequencies; coupled oscillations; free, forced, and damped oscillations; resonance; anharmonic effects and parametric 

resonance. 

 

Motion of a Rigid Body and Non-Inertial Frames: Angular velocity; kinetic energy of a rigid body; moment of inertia 

tensor; principal axes of inertia; angular momentum of a rigid body; Euler angles; equations of motion of a rigid body; 

Euler’s equations; motion of a free rigid body; symmetric top; heavy top; motion in non-inertial frames; centrifugal and 

Coriolis forces. 

 

Hamiltonian Formulation and Canonical Methods: Legendre transformation; Hamiltonian; Hamilton’s canonical 

equations; cyclic coordinates; Poisson brackets and their properties; canonical transformations; generating functions; 

action as a function of coordinates; Maupertuis’ principle; Hamilton–Jacobi equation; separation of variables; action-

angle variables; adiabatic invariants. 

Suggested Textbook 

L. D. Landau and E. M. Lifshitz, Mechanics, Course of Theoretical Physics, Vol. 1. 

Suggested Additional References 

H. Goldstein, C. Poole, and J. Safko, Classical Mechanics. 

N. C. Rana and P. S. Joag, Classical Mechanics. 

J. C. Upadhyaya, Classical Mechanics. 

D. Morin, Introduction to Classical Mechanics. 

Course Outcomes Description 

CO1 
Apply the Lagrangian formulation of classical mechanics to derive equations of motion and 

analyze dynamical systems using generalized coordinates, variational principles, and 

conservation laws.  

CO2 
Analyze the motion of particles in one-dimensional and central force fields, including 

orbital motion, scattering phenomena, and two-body problems using appropriate coordinate 

transformations and conservation principles.  

CO3 
Evaluate collision processes and oscillatory systems by applying conservation laws, normal 

mode analysis, and the theory of free, forced, damped, and coupled oscillations.  

CO4 
Examine the dynamics of rigid bodies and systems in non-inertial reference frames by 

employing Euler’s equations, moments of inertia, Euler angles, and inertial force concepts.  

CO5 
Utilize the Hamiltonian formulation, canonical transformations, Poisson brackets, 

Hamilton–Jacobi theory, and action-angle variables to solve advanced problems in classical 

mechanics and understand the foundations of analytical mechanics. 
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PHY-405 STATISTICAL MECHANICS          05 credits 

Foundations of Statistical Mechanics: Macroscopic and microscopic states; phase space; density of distribution in 

phase space; statistical ensembles; postulate of equal a priori probabilities; thermodynamic probability; most probable 

distribution; fluctuations; Liouville’s theorem; connection between statistical mechanics and thermodynamics. 

Classical Ensembles and Thermodynamic Functions: Microcanonical ensemble; entropy and temperature in the 

microcanonical ensemble; canonical ensemble; partition function and its relation to thermodynamic quantities; mean 

energy, pressure, entropy, Helmholtz free energy and heat capacity. Grand canonical ensemble; chemical potential; grand 

partition function; particle number fluctuations and applications to ideal gases. 

Classical Ideal Gas and Maxwell Distribution: Classical ideal gas; entropy in terms of probability; Gibbs paradox; 

resolution through indistinguishability; Sackur–Tetrode equation. Maxwell–Boltzmann distribution; Maxwell 

distribution of velocities and speeds; equipartition theorem; applications of Maxwell distribution; Doppler broadening 

of spectral lines. 

Quantum Statistical Mechanics: Indistinguishability of particles; symmetric and antisymmetric wave functions; 

quantum states and occupation numbers; ensembles in quantum statistical mechanics. Bose–Einstein and Fermi–Dirac 

distribution functions; classical limit of quantum statistics; ideal Bose gas and Bose–Einstein condensation; ideal Fermi 

gas; Fermi energy and degeneracy pressure; comparison of Maxwell–Boltzmann, Bose–Einstein and Fermi–Dirac 

statistics. 

Phase Transitions and Critical Phenomena: First-order and second-order phase transitions; Clausius–Clapeyron 

equation; order parameter; critical point and critical exponents; Landau theory of phase transitions; Bragg–Williams 

approximation; Ising model; one-dimensional Ising model; mean-field theory and its limitations 

 

Suggested Books 

1. M. N. Saha and B. N. Srivastava, A Treatise on Heat. 

2. B. K. Agarwal and M. Eisner, Statistical Mechanics. 
3. K. Huang, Statistical Mechanics. 

4. S. R. A. Salinas, Introduction to Statistical Mechanics. 

5. R. Bowley and M. Sanchez, Introductory Statistical Mechanics. 

6. F. Reif, Statistical Physics, Berkeley Physics Course. 

7. M. M. Abbott and H. C. Van Ness, Schaum’s Outline of Thermodynamics. 

 

 

Course 
Outcomes 

(COs) 

 

Description 

CO1 
Explain the fundamental principles of statistical mechanics, including phase space, statistical 

ensembles, Liouville’s theorem, and the relationship between microscopic states and macroscopic 

thermodynamic properties.  

CO2 
Apply the microcanonical, canonical, and grand canonical ensemble formalisms to derive 

thermodynamic functions and analyze equilibrium properties of classical systems.  

CO3 
Analyze the statistical behavior of classical ideal gases using Maxwell–Boltzmann statistics, the 

equipartition theorem, and related concepts such as Gibbs paradox, the Sackur–Tetrode equation, 

and velocity distributions.  

CO4 
Evaluate the statistical properties of quantum systems by applying Bose–Einstein and Fermi–Dirac 

statistics to phenomena such as Bose–Einstein condensation, Fermi degeneracy, and the classical 

limit of quantum statistics.  

CO5 
Analyze phase transitions and critical phenomena using thermodynamic and statistical models, 

including Landau theory, the Bragg–Williams approximation, the Ising model, and mean-field 

theory. 
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PHY-407 ELECTRONICS AND INSTRUMENTATION 05 credits 

 
 

Semiconductor Devices, Amplifiers, and Operational Amplifiers: PN junction diode, Zener diode, Light Emitting 

Diode (LED), photodiode, Bipolar Junction Transistor (BJT), Junction Field Effect Transistor (JFET), and Metal Oxide 

Semiconductor Field Effect Transistor (MOSFET): device structure, working principle, input-output characteristics, and 

applications. Common-emitter amplifier, RC-coupled amplifier, frequency response, negative feedback and its 

advantages. Ideal and practical operational amplifiers; characteristics of operational amplifiers; frequency response, 

CMRR, slew rate; voltage follower, inverting and non-inverting amplifiers, summing amplifier, difference amplifier, 

comparator, integrator, differentiator, and active filters. 

 

Oscillators, Signal Conditioning, and Instrumentation: Positive feedback and Barkhausen criterion; RC phase-shift 

oscillator and Wien bridge oscillator; astable, monostable, and bistable multivibrators; IC voltage regulators. Analog and 

digital signals; sampling theorem; Analog-to-Digital Converter (ADC), Digital-to-Analog Converter (DAC), signal-to-

noise ratio (SNR), and low-pass and high-pass filters. Measurement principles: accuracy, precision, sensitivity, resolution, 

calibration, loading effect, measurement errors, and uncertainty. Digital Multimeter (DMM), Wheatstone bridge, 

Maxwell bridge, Schering bridge, digital LCR meter, frequency counter, function generator, and pulse generator. Cathode 

Ray Oscilloscope (CRO): block diagram, Cathode Ray Tube (CRT), electrostatic deflection, triggering, time-base 

circuits, oscilloscope probes, voltage, frequency, and phase measurements, and Lissajous figures. Digital Storage 

Oscilloscope (DSO): principle and applications. Transducers: classification, thermocouple, RTD, thermistor, Hall-effect 

sensor, LVDT, and piezoelectric transducer. Introduction to spectrum analyzer and lock-in amplifier: working principles 

and applications. 

 

List of Experiments 

1. Study of the V-I characteristics of a PN junction diode and determination of cut-in voltage. 

2. Study of the V-I characteristics of a Zener diode and its application as a voltage regulator. 

3. Construction and analysis of half-wave and full-wave rectifiers with capacitor filters. 

4. Study of the input and output characteristics of a BJT in common-emitter configuration. 

5. Study of the drain and transfer characteristics of a Field Effect Transistor. 

6. Design and analysis of a single-stage RC-coupled transistor amplifier. 

7. Study of inverting and non-inverting operational amplifier configurations. 

8. Design and verification of summing, subtractor, integrator, and differentiator circuits using an operational 

amplifier. 

9. Design and analysis of active low-pass and high-pass filters using an operational amplifier. 

10. Study of comparator and Schmitt trigger circuits using an operational amplifier. 

11. Verification of the truth tables of basic logic gates using ICs. 

12. Implementation and verification of combinational logic circuits: half adder, full adder, multiplexer, 

demultiplexer, encoder, and decoder. 

13. Study of SR, JK, D, and T flip-flops and verification of their truth tables. 

14. Design and analysis of asynchronous and synchronous binary counters. 

15. Study of shift registers and their serial/parallel data-transfer operations. 

16. Construction and analysis of an RC phase-shift oscillator. 

17. Construction and analysis of a Wien bridge oscillator. 

18. Study of astable and monostable multivibrators using IC 555 timer. 

19. Measurement of voltage, frequency, and phase using a Cathode Ray Oscilloscope. 

20. Study and operation of laboratory instruments: function generator, Digital Multimeter, and regulated power 

supply. 

21. Study and calibration of transducers such as LVDT and temperature sensors: RTD, thermistor, and thermocouple. 

22. Design of a signal-conditioning circuit for a sensor using operational amplifiers. 
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Suggested Textbooks and References 

1. Electronic Devices and Circuit Theory – Robert L. Boylestad and Louis Nashelsky, Pearson Education. 

2. Electronic Devices – Thomas L. Floyd, Pearson Education. 

3. Semiconductor Devices: Physics and Technology – S. M. Sze (2nd Edition) / S. M. Sze and Ming-Kwei Lee(3rd 

Edition), Wiley. 

4. Electronic Devices and Circuits – Jacob Millman and Christos C. Halkias, McGraw-Hill. 

5. Electronic Instrumentation and Measurements – David A. Bell, Oxford University Press. 

6. Modern Electronic Instrumentation and Measurement Techniques – Albert D. Helfrick and William D. Cooper, 

Prentice Hall. 

7. Measurement Systems: Application and Design – Ernest O. Doebelin and Dhanesh N. Manik, McGraw-Hill. 

8. Instrumentation, Measurement and Analysis – B. C. Nakra and K. K. Chaudhry, McGraw-Hill Education. 

Course Outcomes (COs) 

   

Course  

Outcome 
Description 

CO1 
Understand the operating principles and characteristics of semiconductor devices  

and analyze basic analog electronic circuits including amplifiers. 

CO2 Analyze and design operational amplifier circuits 

CO3 
Explain the principles of oscillators, voltage regulators, signal conditioning  

techniques and measurement principles used in electronic systems. 

CO4 
Perform and analyze experiments on semiconductor devices, analog and  

digital circuits using standard electronic laboratory instruments. 

CO5 

Operate and interpret measurements using modern electronic and scientific   

instruments including DMM, CRO, DSO, LCR meter, signal generators,  

transducers, spectrum analyzer and lock-in amplifier. 
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PHY-409 SEMINAR/SCIENTIFIC COMMUNICATION                                                    02 credits 

 

Seminar: 

Selection of Topic: Identification of a suitable topic based on textbooks, review articles, research papers, 

experimental methods, computational methods, or recent scientific developments. 

 

Literature Survey: Study of relevant books, research papers, review articles, reports, and other academic sources. 

Students should learn how to search, read, understand, and summarize scientific literature. 

 

Understanding of Basic Concepts: Development of conceptual clarity related to the selected topic, including 

necessary theory, background, methods, applications, and recent progress. 

 

Report Preparation: Preparation of a written seminar report containing an introduction, review of literature, basic 

theory/methodology, discussion, conclusion, and references. 

 

Oral Presentation: Delivery of a seminar presentation before faculty members and students. The presentation 

should demonstrate clarity of thought, scientific understanding, logical organization, and effective communication. 

 

Discussion and Viva-Voce: Interaction with the audience and examiners through questions and discussion related 

to the seminar topic. 
 

Scientific Communication: 

 
Scientific Reading and Literature Review: Nature and importance of scientific communication; forms of scientific 

communication: oral, written, visual, and digital communication. Types of scientific literature: textbooks, review 

articles, research papers, conference papers, theses, reports, patents, and technical notes. Structure of a research 

paper; reading and understanding scientific papers; identifying key ideas; preparing summaries, abstracts, and 

critical reviews; basics of literature survey; use of academic databases, citation styles, and reference management 

tools. 

 

Scientific Writing and Seminar Presentation: Principles of scientific writing: clarity, accuracy, objectivity, 

brevity, and logical flow. Preparation of seminar reports, laboratory reports, review articles, and short scientific 

communications. Use of figures, tables, equations, captions, and references. Avoiding plagiarism, paraphrasing, and 

proper citation. Planning and organizing seminar presentations; slide preparation; effective use of graphs, diagrams, 

images, and animations; oral delivery, time management, handling questions, academic discussion, and peer 

feedback. Use of word processors, presentation software, LaTeX, and AI tools in academic writing with ethical 

considerations. 

 

Seminar:  

Suggested Activities 
1. Reading and summarizing a scientific article. 

2. Preparing a short literature review on a selected topic. 

3. Writing an abstract and a seminar report. 

4. Preparing and delivering a seminar presentation. 

5. Preparing a poster or visual summary of a scientific topic. 

6. Participating in question-answer sessions and peer evaluation. 

7. Preparing references using a standard citation style. 

 

Suggested References 
1. Robert A. Day and Barbara Gastel, How to Write and Publish a Scientific Paper. 

2. Joshua Schimel, Writing Science: How to Write Papers That Get Cited and Proposals That Get Funded. 

3. Michael Alley, The Craft of Scientific Presentations. 

4. Vernon Booth, Communicating in Science: Writing a Scientific Paper and Speaking at Scientific Meetings. 

5. Kate L. Turabian, A Manual for Writers of Research Papers, Theses, and Dissertations. 
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M. Sc. (PHYSICS): SEMESTER – II 

 

PHY-402   EXPERIMENTAL TECHNIQUES                                                                                        05 credits 

 
Measurement Techniques and Experimental Methods: Concept of physical measurements; standards and 

calibration; precision, accuracy, sensitivity and resolution; systematic and random errors; statistical analysis of 

experimental data; error propagation; least-square fitting; confidence limits; data representation; laboratory safety 

practices and good experimental procedures. 

Vacuum and Cryogenic Techniques: Principles of vacuum technology; vacuum systems and vacuum pumps; 

rotary, diffusion and turbomolecular pumps; vacuum gauges; leak detection methods; vacuum applications; 

production of low temperatures; liquefaction of gases; cryogenic liquids; cryostats; temperature measurement and 

control; applications of cryogenics in superconductivity and condensed matter physics. 

Electronic Instrumentation and Data Acquisition: Principles of electronic measurements; analog and digital 

measuring instruments; digital multimeters; oscilloscopes; function generators; lock-in amplifiers; frequency 

counters; spectrum analyzers; signal conditioning; filters; shielding and grounding; analog-to-digital and digital-to-

analog conversion; sensors and transducers; computer-assisted data acquisition systems. 

Advanced Experimental Techniques: Production and characterization of plasma; Electron Spin Resonance (ESR); 

Nuclear Magnetic Resonance (NMR); magnetic susceptibility measurements; Hall effect; four-probe resistivity 

technique; van der Pauw method; thermoelectric power measurements; dielectric measurements; X-ray diffraction 

techniques; phase transition studies in magnetic and ferroelectric materials. 

Optical Characterization and Scientific Communication: Laser fundamentals and laboratory safety; optical 

alignment techniques; optical fibres; photodetectors; photomultiplier tubes; CCD and CMOS detectors; optical 

absorption spectroscopy; photoluminescence spectroscopy; Raman spectroscopy; spectrometers and 

monochromators; scientific report writing; laboratory documentation; research ethics; data presentation and 

interpretation. 

 

Suggested Books: 

 
1. Experimental Physics, D. Chattopadhyay, New Central Book Agency (NCBA), Kolkata.  

2. Measurement Systems: Application and Design, Ernest O. Doebelin, McGraw-Hill Education.  

3. Data Reduction and Error Analysis for the Physical Sciences, Philip R. Bevington and D. Keith Robinson, 

McGraw-Hill Education.  

4. Building Scientific Apparatus, John H. Moore, Christopher C. Davis, and Michael A. Coplan, Cambridge 

University Press.  

5. The Art of Electronics, Paul Horowitz and Winfield Hill, Cambridge University Press.  

6. Vacuum Technology and Applications, David J. Hucknall, Butterworth-Heinemann.  

7. Laser Fundamentals, William T. Silfvast, Cambridge University Press. 

8. Experimental Methods for Engineers, J.P. Holman, McGraw Hill  

9. Introduction to Measurements and Instrumentation, A.K. Ghosh, 3rd Edition, PHI Learning Pvt. Ltd.  
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Course  

Outcome 
Description 

CO1 
Explain the principles of scientific measurement, calibration, uncertainty estimation, and statistical 

analysis of experimental data used in physics laboratories. 

CO2 
Demonstrate an understanding of vacuum technology, cryogenic techniques, and electronic 

instrumentation employed in modern experimental research. 

CO3 
Apply the operating principles of advanced characterization techniques, including ESR, NMR, X-

ray diffraction, electrical transport, and magnetic measurements, for the investigation of physical 

systems. 

CO4 
Describe the principles and applications of optical and laser-based experimental techniques, 

photodetectors, spectroscopy, and computer-assisted data acquisition methods. 

CO5 
Interpret experimental observations, prepare scientific reports, and adopt good laboratory practices, 

ethical standards, and safety procedures required for research in physics. 
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PHY-502 CLASSICAL ELECTRODYNAMICS 05 credits 
 
 

Electrostatics and Boundary Value Problems: Elements of vector analysis; electrostatic field and scalar potential; 

Poisson’s and Laplace’s equations; boundary conditions in electrostatics; uniqueness theorem. Method of images: point 

charge near a grounded conducting plane and near a conducting sphere. Separation of variables in Cartesian and spherical 

coordinate systems. Boundary value problems involving conductors and linear dielectrics. 

 

Magnetostatics and Magnetic Materials: Biot–Savart law; Ampere’s law; differential equations of magnetostatics; 

magnetic vector potential and magnetic induction. Magnetic field due to a circular current loop; magnetic field of localized 

current distributions; magnetic dipole moment. Magnetization, bound currents, magnetic field intensity, macroscopic 

equations of magnetostatics, and boundary conditions at magnetic interfaces. 

 

Electromagnetic Waves and Interfaces: Maxwell’s equations and electromagnetic wave equation; plane 

electromagnetic waves in vacuum; linear, circular, and elliptical polarization; energy density and Poynting vector. 

Reflection and refraction of electromagnetic waves at the interface between two dielectrics; normal and oblique incidence; 

Fresnel coefficients, Brewster angle, and total internal reflection. Electromagnetic waves in conducting media; complex 

refractive index, skin depth, and reflection from metallic surfaces. 

 

Relativistic Electrodynamics: Elements of special relativity; Lorentz transformation; spacetime interval, proper time, 

four-vectors and four-velocity. Relativistic mechanics of charged particles in electromagnetic fields. Electromagnetic 

field tensor; Lorentz transformation of electric and magnetic fields; invariants of the electromagnetic field; Maxwell’s 

equations in four-vector notation. 

 

Radiation from Accelerated Charges: Retarded potentials; Liénard–Wiechert potentials; fields of a moving charged 

particle; radiation from an accelerated charge. Larmor formula and its relativistic generalization; angular distribution and 

total radiated power. Electric dipole radiation; qualitative treatment of magnetic dipole and electric quadrupole radiation; 

radiation reaction and radiation damping; introductory idea of synchrotron radiation and Thomson scattering. 

 

Suggested Books 

1. D. J. Griffiths, Introduction to Electrodynamics. 

2. J. D. Jackson, Classical Electrodynamics. 

3. L. D. Landau and E. M. Lifshitz, The Classical Theory of Fields. 

4. M. N. O. Sadiku, Elements of Electromagnetics. 

5. E. M. Purcell, Electricity and Magnetism, Berkeley Physics Course. 

6. J. A. Edminister, Schaum’s Outline of Electromagnetics. 
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Course 
Outcomes (COs) 

 

Description 

CO1 
Apply vector calculus and electrostatic principles to solve boundary value problems involving 

conductors and dielectric media using analytical methods such as the method of images and 

separation of variables. 

CO2 
Analyze magnetostatic fields produced by steady current distributions and magnetic materials using 

Biot–Savart law, Ampère’s law, magnetic vector potential, and the macroscopic formulation of 

magnetostatics. 

CO3 
Explain the propagation of electromagnetic waves in dielectric and conducting media, and evaluate 

reflection, refraction, polarization, energy transport, and wave behavior at material interfaces using 

Maxwell’s equations. 

CO4 
Apply the principles of special relativity to electromagnetic phenomena by employing Lorentz 

transformations, four-vector formalism, and the electromagnetic field tensor to describe relativistic 

charged particle dynamics and the covariant form of Maxwell’s equations. 

CO5 

Analyze electromagnetic radiation emitted by accelerated charges using retarded potentials and 

Liénard–Wiechert potentials, and interpret radiation characteristics including dipole radiation, 

relativistic radiation, radiation reaction, and selected applications such as synchrotron radiation and 

Thomson scattering. 
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PHY-504 QUANTUM MECHANICS  05 credits 

 

Foundations of Quantum Mechanics: Wave-particle duality; matter waves and wave packets; physical 

interpretation of the wave function; normalization and probability density; expectation values. Time-dependent and 

time-independent Schrödinger equations; continuity equation and probability current density. Ehrenfest theorem; 

Heisenberg uncertainty principle. Postulates of quantum mechanics and their physical significance. 

 

Mathematical Formalism of Quantum Mechanics: Linear vector spaces and Hilbert space; Dirac bra-ket notation; 

state vectors, dual vectors and inner products. Linear operators; eigenvalues and eigenfunctions; Hermitian operators 

and their properties; compatible and incompatible observables; commutators. Position and momentum 

representations; time dependence of expectation values. Orbital angular momentum operators; commutation 

relations; eigenvalues and eigenfunctions of angular momentum operators. Ladder operators and their applications. 

 

One-Dimensional Quantum Systems: Free particle; potential step; rectangular potential barrier and quantum 

tunnelling; infinite square well; finite square well; periodic lattice and qualitative idea of energy bands. Linear 

harmonic oscillator: solution by Schrödinger method and ladder-operator method; energy eigenvalues and 

eigenfunctions; zero-point energy. 

 

Three-Dimensional Quantum Systems: Free particle in Cartesian and spherical coordinates; three-dimensional 

square well; three-dimensional harmonic oscillator in Cartesian and spherical coordinates. Rigid rotator; angular 

momentum and spherical harmonics. Hydrogen atom: separation of variables, radial and angular solutions, quantum 

numbers, degeneracy and energy spectrum. Three-dimensional potential barrier: qualitative treatment. 

 

Approximation Methods and Quantum Dynamics: Time-independent perturbation theory: non-degenerate and 

degenerate cases; applications to Stark effect and helium atom. Variational method and its application to helium 

atom. WKB approximation; connection formulae; applications to bound states and tunnelling through a potential 

barrier. Schrödinger, Heisenberg and interaction pictures; harmonic oscillator in Schrödinger and Heisenberg 

pictures. 

 

Suggested Books 

1. Nouredine Zettili, Quantum Mechanics: Concepts and Applications. 

2. Jasprit Singh, Quantum Mechanics: Fundamentals and Applications to Technology. 

3. V. Devanathan, Quantum Mechanics. 

4. Y. Peleg, R. Pnini and E. Zaarur, Schaum’s Outline of Quantum Mechanics. 

5. E. H. Wichmann, Quantum Physics, Berkeley Physics Course. 

6. D. J. Griffiths and D. F. Schroeter, Introduction to Quantum Mechanics. 

7. R. Shankar, Principles of Quantum Mechanics. 
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Course 
Outcomes 

(COs) 

 

Description 

CO1 
Explain the fundamental principles of quantum mechanics, including wave-particle duality, 

the probabilistic interpretation of the wave function, Schrödinger equations, uncertainty 

principle, and the postulates of quantum mechanics. 

CO2 
Apply the mathematical formalism of quantum mechanics using Hilbert spaces, Dirac bra-ket 

notation, linear operators, commutation relations, and angular momentum algebra to describe 

quantum states and observables. 

CO3 
Analyze one-dimensional and three-dimensional quantum systems by solving the Schrödinger 

equation for model potentials such as the free particle, square wells, harmonic oscillator, rigid 

rotator, and hydrogen atom, and interpret their physical properties. 

CO4 
Employ approximation techniques, including perturbation theory, the variational method, and 

the WKB approximation, to obtain approximate solutions for quantum mechanical systems 

that cannot be solved exactly. 

CO5 
Evaluate the time evolution of quantum systems using the Schrödinger, Heisenberg, and 

interaction pictures, and apply these formulations to understand quantum dynamics and the 

behavior of physical observables. 
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PHY-506  PHYSICS LABORATORY-I 05 credits 

 

1. Determination of wavelength by a constant deviation prism. 

2. Verification of Fresnel’s formulas. 
 
3. Determination of Young’s modulus and Poisson’s ratio of glass by Cornu’s method. 

4. Estimation of the band energy gap of a semiconductor. 
 
5. Hall effect and determination of type and number of carriers 

6. Determination of the e/m specific charge ratio by the Bush method. 
 
7. Verification of Cauchy’s formula. 

8. Determination of the B-H Curve. 
 
9. Determination of photoconductivity of semiconducting material. 
 
10. Temperature variations of the resistivity of a semiconductor by the four-probe method. 
 
11. Determination of the Stefan constant. 

12. Determination of the velocity of ultrasonic waves. 

 

 

 

Course 
Outcomes 

(COs) 

 

Description 

CO1 Determine optical wavelength using constant deviation prism, understanding dispersion principles. 

CO2 Verify Fresnel's formulas and apply Cornu's method to study diffraction phenomena. 

CO3 
Investigate semiconductor properties, including energy band gap determination and Hall effect 

analysis. 

CO4 Measure e/m ratio using the Bush and Thompson method and verify Cauchy's dispersion formula. 

CO5 
Explore real-world applications of optical and semiconductor devices, such as magnetic materials 

analysis and photoconductivity in semiconductor materials. 
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PHY-508   RESEARCH ETHICS, IPR, HUMAN VALUES AND SCIENTIFIC WRITING    05 credits 

 

Research, Ethics and Responsible Conduct: Meaning, objectives and significance of research; scientific method and 

basic steps in research. Ethics in scientific research; responsible conduct of research; honesty, objectivity, openness, 

accountability and respect for intellectual contributions. Research integrity; scientific misconduct: fabrication, 

falsification and plagiarism. Duplicate publication, redundant publication and salami publication. Authorship, 

contributorship and acknowledgement; conflict of interest; data recording, data storage and responsible data sharing. 

 

Publication Ethics and Academic Integrity: Ethics in scholarly publication; peer review process; responsibilities of 

authors, reviewers and editors. Plagiarism and its forms; self-plagiarism; plagiarism detection tools and their limitations. 

UGC regulations related to plagiarism and academic misconduct. Predatory journals and publishers; open access 

publishing; journal indexing and basic research metrics such as impact factor, h-index, i10-index, DOI and ORCID. Case 

studies on research misconduct and publication ethics. 

 

Intellectual Property Rights: Introduction to Intellectual Property Rights and their relevance in science and technology. 

Types of intellectual property: patents, copyrights, trademarks, industrial designs, geographical indications and trade 

secrets. Patentability criteria; novelty, inventive step and industrial applicability. Basic procedure for patent filing in India; 

patent search and documentation. Copyright issues in academic writing, figures, software and digital resources. 

Technology transfer, licensing, innovation and commercialization. Role of the Indian Patent Office and World Intellectual 

Property Organization. 

 

Human Values and Professional Ethics: Human values and ethical values; professional ethics in academic and scientific 

work. Responsibilities of scientists and teachers towards students, institutions, society and the environment. 

Environmental ethics and sustainable development. Gender sensitization, inclusivity and respect in academic spaces. 

Ethics in collaborative research; fairness, transparency and sharing of credit. Responsible use of digital resources, 

Artificial Intelligence tools and online platforms in academic work. 

 

Ethics, Safety and Good Laboratory Practices: Good laboratory practices; maintenance of laboratory records and 

logbooks; safe handling of instruments, chemicals, electrical equipment and radiation sources. Basic concepts of biosafety 

and radiation safety. Ethical issues in experiments involving humans, animals and biological material: informed consent, 

privacy, confidentiality and approval from ethics committees. Data privacy and cyber ethics in research. Institutional 

ethics committees and national/international guidelines for ethical research. 

 

Recommended Books 

1. A. Bird, Understanding Research Ethics, SAGE Publications. 
2. F. L. Macrina, Scientific Integrity, ASM Press. 

3. D. B. Resnik, The Ethics of Research with Human Subjects, Springer. 

4. C. Lipson, Doing Honest Work in College, University of Chicago Press. 
5. P. Ganguli, Intellectual Property Rights: Unleashing the Knowledge Economy, Tata McGraw-Hill. 

6. W. Cornish, D. Llewelyn and T. Aplin, Intellectual Property: Patents, Copyrights, Trademarks and Allied Rights, 

Sweet & Maxwell. 

7. C. R. Kothari and G. Garg, Research Methodology: Methods and Techniques, New Age International. 
8. W. C. Booth, G. G. Colomb and J. M. Williams, The Craft of Research, University of Chicago Press. 
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Course 

Outcomes 

(COs) 

 

Description 

CO1 
Explain the principles of scientific research, responsible conduct of research, research integrity, 

and the ethical standards governing scientific investigations, including issues related to scientific 

misconduct. 

CO2 
Apply the principles of publication ethics and academic integrity by recognizing plagiarism, 

understanding the peer-review process, evaluating research quality using bibliometric indicators, 

and identifying predatory publishing practices. 

CO3 
Demonstrate an understanding of Intellectual Property Rights (IPR), including patents, copyrights, 

trademarks, and related legal frameworks, and explain their role in innovation, technology transfer, 

and scientific research. 

CO4 
Evaluate ethical issues arising in academic and professional practice by applying principles of 

human values, professional ethics, inclusivity, environmental responsibility, collaborative 

research, and the responsible use of digital technologies and Artificial Intelligence tools. 

CO5 

Adopt good laboratory practices and comply with ethical and safety guidelines related to research 

involving chemicals, radiation, biological materials, humans, and animals, while ensuring 

responsible data management, privacy, and adherence to institutional and national regulatory 

frameworks. 
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M.Sc. (PHYSICS): SEMESTER-III 

PHY-501   SOLID STATE PHYSICS     05 credits 

 
 

Crystal Structure and Diffraction: Review of crystal structure: crystalline and amorphous solids, crystal systems, 

Bravais lattices, lattice with a basis, unit cell, Miller indices, reciprocal lattice, Brillouin zones, Bragg's law, atomic and 

geometrical structure factors. Crystal symmetry, point groups and space groups, Wigner–Seitz cell, reciprocal lattice and 

Ewald construction, Laue equations, X-ray diffraction, neutron diffraction and electron diffraction techniques, crystal 

bonding (ionic, covalent, metallic and van der Waals bonding), introduction to quasicrystals. 

 

Lattice Dynamics and Thermal Properties: Review of lattice vibrations in monoatomic and diatomic linear chains, 

acoustic and optical phonons, Einstein and Debye theories of specific heat, Debye T^3 law. General theory of lattice 

dynamics, dynamical matrix, phonon dispersion relations, density of phonon states, anharmonic effects, thermal 

expansion, lattice thermal conductivity, phonon scattering mechanisms, electron-phonon interaction and its significance 

in solids. 

 

Electronic Properties of Solids: Classical and quantum free electron theory of metals, Sommerfeld free electron model, 

Fermi-Dirac statistics, density of states, Fermi energy and Fermi surface. Bloch theorem, Kronig-Penney model, nearly 

free electron approximation, tight-binding approximation, origin of energy bands and band gaps, effective mass of 

electrons and holes. Intrinsic and extrinsic semiconductors, carrier concentration, Hall effect, electrical conductivity, drift 

and diffusion of charge carriers, p-n junction, direct and indirect band gap semiconductors and their applications. 

 

Dielectric, Optical and Magnetic Properties: Review of dielectric polarization, local field, electric susceptibility, 

polarizability and Clausius-Mossotti relation. Frequency dependence of dielectric constant, complex dielectric function, 

Lorentz oscillator model, normal and anomalous dispersion, optical absorption, plasma oscillations, excitons, polaritons 

and optical properties of solids. Review of dia-, para-, ferro-, antiferro- and ferrimagnetism, Weiss molecular field theory, 

exchange interaction, magnetic domains and domain walls, magnetic anisotropy, spin waves (magnons), magnetic 

susceptibility, hysteresis and energy loss, introduction to spintronics and magnetic materials. 

 

Defects, Superconductivity and Low-Dimensional Materials: Point, line, planar and volume defects in crystals, 

equilibrium concentration of defects, diffusion in solids, color centres, dislocation dynamics, strengthening mechanisms 

and mechanical properties of crystalline materials. Superconductivity: experimental observations, Meissner effect, 

London equations, Ginzburg-Landau theory, BCS theory (introductory treatment), Type-I and Type-II superconductors, 

Josephson effects, high-temperature superconductors and applications. Low-dimensional materials: quantum 

confinement, quantum wells, quantum wires and quantum dots, graphene, carbon nanotubes, two-dimensional materials 

and their electronic and optoelectronic applications. 

 

Suggested References 

1. Introduction to Solid State Physics – Charles Kittel  

2. Solid State Physics – Neil W. Ashcroft and N. David Mermin  

3. Solid State Physics – A. J. Dekker  

4. Introduction to Solid State Physics – Harald Ibach and Hans Lüth  

5. Solid State Physics – S. O. Pillai 
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Course 

Outcomes 

(COs) 

 

Description 

CO1 
Understand and analyze the fundamental concepts of crystal structures, symmetry, reciprocal 

lattice, Brillouin zones and diffraction techniques used for the study and characterization of 

crystalline materials. 

CO2 
Explain the theoretical aspects of lattice vibrations, phonons and thermal properties of solids, and 

apply these concepts to understand specific heat, thermal conductivity and electron-phonon 

interactions. 

CO3 
Apply quantum mechanical principles to analyze the electronic properties of solids, including free 

electron theory, band theory, semiconductor physics, carrier transport and related phenomena. 

CO4 
Understand and evaluate the dielectric, optical and magnetic properties of materials using 

appropriate theoretical models, including polarization, dispersion, plasma oscillations, magnetic 

ordering and spin excitations. 

CO5 
Develop an understanding of crystal defects, superconductivity and low-dimensional materials, and 

relate their structural and physical properties to modern technological applications. 
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PHY-503 ATOMIC, MOLECULAR AND LASER PHYSICS     05 credits 

 
Atomic Structure and Hydrogen-like Systems: Quantum states of hydrogen-like atoms; energy levels and wave 

functions of hydrogen-like systems. Fine structure: relativistic correction, spin-orbit coupling, and Darwin term. 

Spectroscopic terms and selection rules. Zeeman effect and Paschen–Back effect. Hyperfine structure and Lamb shift. 
 

Multi-electron Atoms and Atomic Spectra: Identical particles and exchange symmetry; spectra of two-electron atomic 

systems; independent particle model and exchange effects. Pauli exclusion principle and periodic table. Central field 

approximation; Hartree self-consistent field method and Hartree–Fock method. Coupling schemes for many-electron 

atoms: L-S coupling and j-j coupling; equivalent electrons and atomic term symbols. 
 

Molecular Structure and Molecular Spectroscopy: Hydrogen molecular ion 𝐻2
+ ; Heitler–London theory of the 

hydrogen molecule; covalent and ionic bonding. Rotational spectra of molecules; vibrational spectra; rotation-vibration 

spectra; Raman spectra; electronic spectra of molecules; Franck–Condon principle and its applications. 
 

Fundamentals of Laser Physics: Characteristics of laser radiation; spontaneous and stimulated emission; Einstein A and 

B coefficients; population inversion; optical pumping; coherence; laser amplification and threshold condition. Line-

broadening mechanisms: homogeneous and inhomogeneous broadening. Gain saturation, gain clamping, spatial and 

spectral hole burning. Rate equations for three-level and four-level laser systems. 
 

Laser Resonators and Laser Systems: Optical resonators; cavity modes; stability criterion; Gaussian beams and their 

propagation; quality factor and resonant frequencies of optical cavities. Q-switching and mode-locking techniques. 

Specific laser systems: He-Ne laser, CO₂ laser, argon-ion laser, ruby laser, Nd:YAG laser, Nd:glass laser, and dye laser. 

Applications of lasers in spectroscopy, material processing, communication, medicine, and research. 
 

Suggested Books 

1. B. H. Bransden and C. J. Joachain, Physics of Atoms and Molecules. 
2. G. Aruldhas, Molecular Structure and Spectroscopy. 

3. W. Demtröder, Atoms, Molecules and Photons. 

4. P. W. Milonni and J. H. Eberly, Lasers. 

5. O. Svelto, Principles of Lasers. 

6. A. Yariv, Introduction to Quantum Electronics. 
7. K. Thyagarajan and A. Ghatak, Lasers: Theory and Applications. 

 

 

Course 

Outcomes (COs) 
Description 

CO1 
Analyze the quantum mechanical description of hydrogen-like atoms, including atomic energy 

levels, fine and hyperfine structures, spectroscopic terms, selection rules, and the effects of external 

magnetic fields on atomic spectra.  

CO2 
Explain the electronic structure and spectra of multi-electron atoms using exchange symmetry, 

central field approximation, Hartree–Fock theory, and angular momentum coupling schemes, and 

interpret atomic term symbols.  

CO3 
Evaluate the structure, bonding, and spectroscopic properties of molecules by applying quantum 

mechanical models and interpreting rotational, vibrational, Raman, and electronic spectra using the 

Franck–Condon principle.  

CO4 
Apply the fundamental principles of laser physics to explain the generation, amplification, and 

characteristics of laser radiation, including population inversion, line broadening, gain mechanisms, 

and rate equations for laser systems.  

CO5 
Analyze the design and operation of optical resonators and different laser systems, and assess the 

applications of lasers in spectroscopy, communication, material processing, medicine, and scientific 

research. 
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PHY-505 QUANTUM MECHANICS AND NUCLEAR PHYSICS     05 credits 

  
Linear operators, eigen functions and values, Dirac bra and ket notation and vectors, postulates of quantum mechanics, 

Hilbert Space, Hermitian Operators, properties of Hermitian Operators, position and momentum representation, time 

varying expectations, Ladder operators, the eigen values of ladder operators, the eigen functions of the orbital angular 

momentum operator. 

 

Nuclear sizes and shapes. Experimental methods of determining nuclear radius. Two-nucleon problem: Deuteron 

problem. Central and non-central forces. Tensor forces. Nuclear models: Semi empirical mass formula and isobaric 

stability. Nuclear shell structure. Magic numbers. Single particle model. Spin orbit coupling. Schmidt lines. Rotational 

and vibrational spectra and elementary idea of unified model. Nuclear reactions: Q value. Compound nuclear reaction 

and direct reactions. Single level Breit-Wigner formula. Nuclear fission: Liquid drop model. 

 

Time independent and Time dependent Perturbation Theories: The interaction pictures. Time dependent two state 

problems. Nuclear magnetic resonance. Rabi’s molecular beam method, Ammonia molecule and maser. Time dependent 

perturbation theory, harmonic perturbation. Interaction of an atom with electromagnetic radiation. Absorption and 

stimulated emission. Electric dipole approximation. Sum rule. Photoelectric effect. Passage of charged particle through 

matter. 

  
Scattering Theory: Scattering amplitude and cross section, Born approximation and its application to various potentials, 

Electron scattering from nuclei, form factor and nuclear radius, Validity of Born approximation, Partial wave analysis, 

Scattering by a rigid sphere and square well. Low energy nucleon-nucleon scattering. 

  
Relativistic Quantum Mechanics: Klein-Gordon Equation and its non-relativistic reduction. Dirac equation for a free 

particle and its solution. Interpretation of negative energy states. Nonrelativistic approximation to the Dirac equation. 

Existence of spin. Fine structure effects. Solutions of Dirac equation for hydrogen atom. 

  

Books recommended: 

 

1. Principles of Quantum Mechanics, R. Shankar, Springer.  

2. Quantum Mechanics, Claude Cohen-Tannoudji, Bernard Diu and Franck Laloë, Wiley.  

3. Modern Quantum Mechanics, J. J. Sakurai and Jim Napolitano, Cambridge University Press.  

4. Quantum Mechanics, Eugen Merzbacher, Wiley.  

5. Introduction to Quantum Mechanics, David J. Griffiths and Darrell F. Schroeter, Cambridge University Press.  

6. Quantum Mechanics, Leonard I. Schiff, McGraw-Hill.  

7. Introductory Nuclear Physics, Kenneth S. Krane, Wiley.  

8. Theoretical Nuclear Physics, John M. Blatt and Victor F. Weisskopf, Springer.  

9. Introductory Nuclear Physics, Harald A. Enge, Addison-Wesley.  

10. Nuclear Physics: Principles and Applications, John Lilley, Wiley.  

11. Concepts of Nuclear Physics, Bernard L. Cohen, McGraw-Hill.  

12. Nuclear Physics, Irving Kaplan, Narosa Publishing House. 

13. Quantum Mechanics: B. H. Bransden and C.J. Joachain, Prentice Hall. 
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Course Outcomes 
(COs) 

Description 

CO1 
Apply the formalism of quantum mechanics, including linear operators, Dirac notation, Hilbert 
space, and angular momentum algebra, to analyze the quantum states and dynamics of 
microscopic systems. 

CO2 
Explain the fundamental properties of atomic nuclei and apply nuclear models to interpret 
nuclear structure, stability, magnetic moments, energy spectra, nuclear reactions, and fission 
phenomena. 

CO3 
Analyze quantum systems using time-independent and time-dependent perturbation theories, 
and evaluate the interaction of atoms with electromagnetic radiation and its applications in 
spectroscopy and magnetic resonance. 

CO4 
Apply scattering theory, including Born approximation and partial wave analysis, to determine 
scattering amplitudes, cross sections, and the properties of nuclear interactions. 

CO5 
Analyze relativistic quantum systems using the Klein–Gordon and Dirac equations, and explain 
relativistic effects such as spin, fine structure, and the hydrogen atom spectrum. 
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PHY-507 PHYSICS LABORATORY-II/COMPUTATIONAL PHYSICS 05 credits 

 

Physics Laboratory-II 

 

Course Objective 

The objective of this laboratory course is to strengthen advanced experimental skills in optics, electronics, nuclear physics, 

instrumentation, solid-state physics, and modern physics. Emphasis shall be placed on careful observation, calibration, data 

analysis, error estimation, graphical representation, and interpretation of experimental results. 

 

List of Experiments 

1. Determination of the wavelength of laser light using a diffraction grating. 

2. Determination of the numerical aperture of an optical fibre. 

3. Determination of attenuation loss in an optical fibre. 

4. Study of the Michelson interferometer and determination of wavelength separation / refractive index. 

5. Study of Fabry–Perot interferometer and determination of finesse/wavelength separation. 

6. Determination of Planck’s constant using the photoelectric effect. 

7. Determination of Planck’s constant using LEDs. 

8. Study of solar cell characteristics and determination of fill factor and efficiency. 

9. Determination of the dielectric constant of a material. 

10. Determination of magnetic susceptibility by Gouy’s method or Quincke’s method. 

11. Study of electron spin resonance and determination of the g-factor. 

12. Study of the Zeeman effect and determination of specific charge or magnetic moment-related parameters. 

13. Study of operational amplifier circuits: adder, subtractor, integrator, and differentiator. 

14. Study of active low-pass and high-pass filters using an operational amplifier. 

15. Study of comparator and Schmitt trigger circuits using an operational amplifier. 

16. Construction and analysis of an RC phase-shift oscillator or Wien bridge oscillator. 

17. Study of a 555 timer in astable and monostable modes. 

18. Verification of truth tables of basic logic gates using ICs. 

19. Study of flip-flops, counters, or shift registers. 

20. Measurement of voltage, frequency, and phase using CRO/DSO. 

21. Study of Lissajous figures using CRO/DSO. 

22. Study of GM counter characteristics and determination of operating voltage. 

23. Study of counting statistics and verification of Poisson/Gaussian distribution. 

24. Study of gamma-ray absorption and determination of the absorption coefficient. 

25. Determination of the resolving power of a grating or spectrometer. 

26. Study of polarisation of light using a polarizer and analyzer. 

27. Study of the magnetoresistance of a material. 

28. Study and calibration of temperature sensors such as RTD, thermistor or thermocouple. 

29. Study and calibration of LVDT or any displacement transducer. 

30. Design of a signal-conditioning circuit for a sensor using operational amplifier. 
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Laboratory Requirements 

Students shall perform a minimum prescribed number of experiments, as decided by the department, from the above 

list or equivalent experiments depending on the availability of apparatus. Each experiment should include proper 

observation, tabulation, graphical analysis, error estimation and physical interpretation of the result. 

 

Suggested Books 

1. B. L. Worsnop and H. T. Flint, Advanced Practical Physics. 

2. D. Chattopadhyay, P. C. Rakshit and B. Saha, An Advanced Course in Practical Physics. 

3. S. L. Gupta and V. Kumar, Practical Physics. 

4. C. L. Arora, Practical Physics. 

5. A. K. Sawhney, A Course in Electrical and Electronic Measurements and Instrumentation. 

6. H. S. Kalsi, Electronic Instrumentation. 

 

Computational Physics 

 

Scientific Computing and Programming: Introduction to computational physics and scientific computing; 

algorithms and flowcharts. Fundamentals of programming using C++/Python or equivalent language: data types, 

variables, operators, control statements, functions, arrays, strings, file handling and modular programming. Basic 

concepts of object-oriented programming: classes, objects, constructors, inheritance and polymorphism. Introduction 

to scientific libraries and plotting tools. 

 

Error Analysis, Data Handling and Numerical Calculus: Computer arithmetic; floating-point representation; 

precision and accuracy; truncation and round-off errors; propagation of errors; stability of numerical algorithms. Data 

analysis and visualization. Least-squares fitting; linear and polynomial regression. Interpolation using Newton 

forward, Newton backward and Lagrange methods; spline interpolation. Numerical differentiation. Numerical 

integration using Trapezoidal rule, Simpson’s 1/3 and 3/8 rules, Gaussian quadrature and Monte Carlo integration. 

 

Algebraic Equations, Matrices and Differential Equations: Solution of nonlinear equations using Bisection, 

Regula-Falsi, Newton–Raphson and Secant methods. Solution of simultaneous linear equations using Gaussian 

elimination, Gauss–Jordan method, LU decomposition and iterative methods such as Jacobi and Gauss–Seidel 

methods. Eigenvalue problems and matrix diagonalization. Numerical solution of ordinary differential equations 

using Euler method, Modified Euler method, Taylor series method, Runge–Kutta methods and predictor-corrector 

methods. Introduction to finite-difference methods for heat, wave and Laplace equations. 

 

Computational Methods in Physics: Root-finding problems in physics; Fourier series and Fast Fourier Transform. 

Random number generation and pseudo-random numbers. Monte Carlo methods and their applications. Numerical 

simulation of physical systems: projectile motion with air resistance, radioactive decay, harmonic oscillator, damped 

oscillator, coupled oscillators, diffusion, random walk, and simple quantum mechanical problems such as particle in 

a box and tunnelling. 

 

Scientific Data Analysis and Computational Applications:  Graphical representation of scientific data; curve fitting 

and parameter estimation. Computational treatment of experimental data. Smoothing and filtering of data; basics of 

signal processing. Introduction to optimization methods. Applications of computational methods in quantum 

mechanics, statistical physics, electromagnetism, nuclear physics, condensed matter physics and astrophysics. 

Introduction to scientific software environments such as MATLAB, Python with NumPy, SciPy and Matplotlib, or 

equivalent open-source platforms. Elementary introduction to parallel computing, high-performance computing and 

GPU computing. 
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Suggested Computational Exercises 

1. Write programs for basic numerical operations, plotting and file handling. 

2. Find roots of algebraic and transcendental equations by Bisection, Newton–Raphson and Secant methods. 

3. Perform interpolation using Newton and Lagrange methods. 

4. Evaluate definite integrals using Trapezoidal, Simpson and Gaussian quadrature methods. 

5. Solve systems of linear equations using Gaussian elimination and Gauss–Seidel methods. 

6. Find eigenvalues and eigenvectors of simple matrices. 

7. Solve first-order and second-order ordinary differential equations using Euler and Runge–Kutta methods. 

8. Simulate projectile motion with and without air resistance. 

9. Simulate simple harmonic, damped and driven oscillators. 

10. Simulate radioactive decay and compare with analytical results. 

11. Simulate one-dimensional random walk and diffusion. 

12. Use Monte Carlo method to estimate \pi and evaluate integrals. 

13. Perform Fourier analysis of a given signal using FFT. 

14. Solve the one-dimensional heat equation using finite-difference method. 

15. Solve simple quantum mechanical problems such as particle in a box or tunnelling through a barrier. 

 

Suggested Books 

1. Nicholas J. Giordano and Hisao Nakanishi, Computational Physics. 

2. Tao Pang, An Introduction to Computational Physics. 

3. Jos Thijssen, Computational Physics. 

4. William H. Press, Saul A. Teukolsky, William T. Vetterling and Brian P. Flannery, Numerical Recipes: The 

Art of Scientific Computing. 

5. Steven C. Chapra, Applied Numerical Methods with MATLAB for Engineers and Scientists. 

6. Richard Hamming, Numerical Methods for Scientists and Engineers. 

7. Joel Franklin, Computational Methods for Physics. 

8. Qiang Ye, Python Programming and Numerical Methods: A Guide for Engineers and Scientists. 

9. David Pine, Introduction to Python for Science and Engineering. 

10. James Scarborough, Numerical Mathematical Analysis. 

11. E. Balagurusamy, Computer Programming with C++. 
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PHY-509   SEMINAR / INTERNSHIP / APPRENTICESHIP                    02 credits 

Each student shall complete one of the following components under the supervision of a faculty mentor: 

1. Seminar, or 

2. Internship, or 

3. Apprenticeship / Training 

 

The activity may be carried out within the department, university, research laboratory, industry, academic institution, 

scientific organization, technical facility, or any other approved organization. The topic or training area shall be finalized 

in consultation with the faculty mentor and approved by the department. 

 

A. Seminar Component 

A student opting for a seminar shall select a topic from Physics or allied interdisciplinary areas. The topic may be based 

on advanced concepts, recent developments, experimental techniques, computational methods, instrumentation, 

applications, or a review of scientific literature. 

The seminar work shall include: 

• selection of a suitable topic in consultation with the faculty mentor; 

• literature survey using textbooks, review articles, research papers, reports, and other academic sources; 

• study of the basic theory, methodology, applications, and recent progress related to the topic; 

• preparation of a written seminar report; 

• oral presentation before faculty members and students; 

• participation in discussion and viva-voce. 

Suggested Areas for Seminar 

Condensed Matter Physics, Electronics, Photonics, Laser Physics, Nuclear Physics, Particle Physics, Plasma Physics, 

Computational Physics, Materials Science, Nanoscience, Renewable Energy, Environmental Physics, Astrophysics, 

Instrumentation, Quantum Technologies, Semiconductor Devices, Radiation Physics, Medical Physics, or any other 

relevant interdisciplinary area. 

 

B. Internship Component 

A student opting for an internship shall undertake short-term academic, research, technical, industrial, or laboratory-based 

work in an approved institution or organization. The internship should provide exposure to practical methods, data analysis, 

instrumentation, experimental procedures, computational tools, research methodology, or professional work culture. 

The internship work may include: 

• orientation to the host institution or laboratory; 

• learning of relevant experimental, computational, or technical procedures; 

• participation in assigned academic, research, laboratory, or industrial tasks; 

• maintenance of a daily/weekly work diary or logbook; 

• preparation of an internship report; 

• Presentation of the internship experience before the department. 

Suggested Areas for Internship 

Research laboratories, universities, industries, instrumentation facilities, computational laboratories, material 

characterization laboratories, or other approved scientific/technical organizations. 
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C. Apprenticeship / Training Component 

A student opting for apprenticeship or training shall undergo supervised skill-based learning in an academic, laboratory, 

technical, industrial, or field environment. The emphasis shall be on hands-on learning, professional discipline, technical 

skill development, and application of knowledge. 

The apprenticeship/training may include: 

• learning of laboratory practices and safety procedures; 

• operation and handling of instruments; 

• fabrication, testing, calibration, or measurement techniques; 

• computational or data-processing work; 

• technical documentation; 

• participation in assigned practical or professional tasks; 

• preparation of a training report; 

• Oral presentation and viva voce. 
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M.Sc. (PHYSICS): SEMESTER-IV 

PHY-510: DIGITAL ELECTRONICS AND COMPUTATIONAL METHODS                                     05 Credits  

Number Systems, Codes and Boolean Algebra: Binary, decimal, octal and hexadecimal number systems and 

interconversion. Binary arithmetic, signed and unsigned numbers, 1’s and 2’s complement representation. Boolean laws 

and theorems, logic gates, truth tables, positive and negative logic. Karnaugh map simplification, pairs, quads, octets and 

don’t-care conditions. Digital codes: BCD, ASCII, Excess-3 and Gray code. 

 

Combinational Logic Circuits: Half and full adders, half and full subtractors, parallel adder and subtractor. Multiplexers, 

demultiplexers, encoders and decoders. BCD-to-decimal decoder, 7-segment decoder, Exclusive-OR gates, parity 

generators and checkers. Applications of combinational circuits in arithmetic, display and control systems. 

 

Logic Families, Sequential Circuits and Memories: TTL and CMOS logic families, 7400 and 74C00 series devices, 

logic levels, fan-in, fan-out, noise margin, propagation delay and power dissipation. Flip-flops, registers, shift registers 

and counters. Semiconductor memories: RAM, ROM, EPROM, EEPROM and flash memory. Basic memory organization 

and applications. 

 

Data Converters, Microprocessors and Microcontrollers: A/D and D/A converters: principles, types, resolution, 

accuracy, conversion time and applications. Digital measurement and data acquisition systems. Basic architecture and 

instruction set of 8085 microprocessor. Introduction to microcontrollers: Arduino platform based on ATmega 

microcontroller, 8051 microcontroller, or equivalent microcontroller. Digital I/O, timers, counters, interrupts, serial 

communication and PWM. Interfacing of sensors, transducers, displays, ADC, DAC, keypad and stepper motor. 

Applications in embedded systems and experimental physics. 

 

Computational Methods for Electronics and Experimental Physics: Algorithms, flowcharts, and structured 

programming. Computer representation of numbers, floating-point arithmetic, round-off and truncation errors, 

quantization error, and numerical stability. Statistical analysis of experimental data: mean, variance, standard deviation, 

uncertainty, error bars, and least-squares fitting. Numerical solution of linear and nonlinear equations, interpolation, 

numerical differentiation, and integration. Computational analysis of RC, RL, and RLC circuits. Introduction to sampling, 

filtering, noise reduction, Fourier analysis, data logging, and computer-based measurements. 

 

Suggested Computational Exercises 

Programming exercises may include number-system conversion, truth-table generation, binary arithmetic, least-squares 

fitting, error analysis, numerical solution of circuit equations, RC/RLC circuit simulation, filtering of noisy data, Fourier 

analysis of sampled signals, and simple data acquisition using a microcontroller. 

 

Suggested Books 

1. Malvino and Leach, Digital Principles and Applications. 

2. R. P. Jain, Modern Digital Electronics. 

3. Morris Mano, Digital Logic and Computer Design. 

4. R. S. Gaonkar, Microprocessor Architecture, Programming and Applications with the 8085. 

5. Mazidi, Mazidi and McKinlay, The 8051 Microcontroller and Embedded Systems. 

6. V. Rajaraman, Computer Oriented Numerical Methods. 

7. S. S. Sastry, Introductory Methods of Numerical Analysis. 

8. Steven C. Chapra and Raymond P. Canale, Numerical Methods for Engineers. 
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Course 

Outcomes (COs) 
Description 

CO1 
Apply the principles of Boolean algebra, number systems, logic gates, Karnaugh maps, and digital 

codes to analyze and design basic combinational and sequential digital circuits. 

CO2 
Analyze and explain the working principles of digital building blocks including adders, 

subtractors, multiplexers, demultiplexers, encoders, decoders, parity generators, flip-flops, 

registers, counters, and semiconductor memory devices. 

CO3 
Describe the architecture and operation of microprocessors and microcontrollers, and apply 

programming and interfacing concepts for developing digital instrumentation and embedded 

systems used in physics experiments. 

CO4 
Analyze data acquisition systems, ADC/DAC techniques, sensor interfacing, and digital 

measurement systems by evaluating parameters such as accuracy, resolution, errors, and 

performance characteristics. 

CO5 
Apply computational techniques for digital systems and instrumentation, including numerical 

methods, statistical data analysis, error estimation, curve fitting, and computational approaches for 

solving electronic circuit-related problems. 
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PHY-512   MATERIALS PHYSICS AND NANOSCIENCE 05 credits 

  
Binary alloys: Interstitial and substitutional solid solution, Factors governing solid solubility, Statistical stability of 

alloys, Temperature dependence of solubility, phase diagrams, Superlattices, Equilibrium between two phases. Two 

component systems containing two phases. The phase rule. Binary phase diagrams: Isomorphous alloy systems, The 

Lever rule, Eutectic systems, The equilibrium microstructure of eutectic systems, applications, Peritectic transformation, 

Iron-Carbon phase diagram. 

Polymers and Ceramics: Classification of polymers, homo- and co-polymers, Linear, branched and crosslinked 

polymers, Organic, Elemento-organic and Inorganic polymers, Synthesis of polymers, chain polymerization, step 

polymerization, thermodynamics of the process, Effect of various factors on polymerization rate, Synthesis of graft and 

block copolymers, Crosslinking reactions, Vulcanization of rubbers, Hardening of plastics, Degradation of polymers, 

effect of high temperatures, Light and ionizing radiation, Chemical degradation. Ceramics: Short range order, 

Coordinated polyhedron and ionic radius, crystalline and glassy states, Glasses, Whitewears and refractories, Cement and 

Concrete. 

Magnetic materials: Magnetocrystalline anisotropy, Induced magnetic anisotropy, Magnetostrction, Magnetoelastic 

energy, Magnetoelastic coupling, Volume changes in magnetostriction, Villari effect, Wiedemann effect, Inverse 

Wiedemann effect, Matteucci effect,  effect, Barkhausen effect, Magnetization process, Technical magnetization, 

Magnetic after effect, Soft and hard magnetic materials, Ferrites their structure and uses.Type equation here. 

Fundamental of Nanoscience and Nanomaterials: Introduction to nanoscience and nanotechnology, historical 

development and significance of nanoscale materials. Classification of nanomaterials based on dimensionality: zero-

dimensional, one-dimensional, two-dimensional and three-dimensional nanostructures. Size-dependent properties of 

nanomaterials: surface-to-volume ratio, quantum confinement effects, optical, electrical, magnetic, thermal and 

mechanical properties. General applications of nanomaterials. 

Synthesis, Characterization and Applications of Nanomaterials: Synthesis techniques of nanomaterials: top-down 

and bottom-up approaches. Mechanical milling, lithography, laser ablation, sputtering, chemical vapour deposition 

(CVD), physical vapour deposition (PVD), sol-gel method, hydrothermal synthesis, self-assembly and biological 

synthesis of nanomaterials. 

Characterization techniques: X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron 

microscopy (TEM), atomic force microscopy (AFM), scanning tunneling microscopy (STM), UV-Visible spectroscopy, 

Fourier transform infrared spectroscopy (FTIR) and thermal analysis techniques. 

 

Books recommended: 

Materials Science and Metallurgy 

1. Physical Metallurgy, R. E. Reed-Hill and R. Abbaschian, Cengage Learning.  

2. Introduction to Properties of Materials, Resenthal and Asimow, Prentice Hall.  

3. Elements of Materials Science and Engineering, Lawrence H. Van Vlack, Addison-Wesley.  

4. Science of Engineering Materials, C. M. Srivastava, New Age International Publishers.  

5. Physical Metallurgy, V. Raghavan, Prentice Hall India.  

6. Materials Science and Engineering: An Introduction, William D. Callister Jr. and David G. Rethwisch, Wiley.  

7. Introduction to Materials Science for Engineers, James F. Shackelford, Pearson Education.  

8. Phase Transformations in Metals and Alloys, D. A. Porter, K. E. Easterling and M. Y. Sherif, CRC Press.  

Polymer Science 

9. Physical Chemistry of Polymers, A. Tager, Mir Publishers.  

10. Polymer Science and Technology, Joel R. Fried, Prentice Hall.  

11. Textbook of Polymer Science, Fred W. Billmeyer Jr., Wiley.  

Magnetic Materials 

12. Physics of Magnetism, S. Chikazumi, Oxford University Press.  

13. Introduction to Magnetic Materials, B. D. Cullity and C. D. Graham, Wiley-IEEE Press.  

14. Magnetism and Magnetic Materials, J. M. D. Coey, Cambridge University Press.  
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Nanoscience and Nanotechnology 

15. Nanotechnology: Principles and Applications, Sulabha K. Kulkarni, Capital Publishing Company.  

16. Nanostructures and Nanomaterials: Synthesis, Properties and Applications, Guozhong Cao and Ying Wang,            

World Scientific Publishing.  

17. Introduction to Nanotechnology, Charles P. Poole Jr. and Frank J. Owens, Wiley.  

18. Nanomaterials: An Introduction to Synthesis, Properties and Applications, Dieter Vollath, Wiley-VCH.  

19. Nanophysics and Nanotechnology: An Introduction to Modern Concepts in Nanoscience, Edward L. Wolf, Wiley-

VCH.  

Characterization Techniques 

20. Transmission Electron Microscopy: A Textbook for Materials Science, David B. Williams and C. Barry Carter, 

Springer.  

21. Scanning Electron Microscopy and X-Ray Microanalysis, Joseph I. Goldstein et al., Springer.  

22. X-Ray Diffraction Procedures for Polycrystalline and Amorphous Materials, H. P. Klug and L. E. Alexander, Wiley. 

 

Course 
Outcomes 
(COs) 

Description 

CO1 
Explain the principles of alloy formation, phase equilibria, phase diagrams, phase transformations, 

and heat treatment processes to understand the structure and properties of engineering materials. 

CO2 
Analyze the structural, mechanical, thermal, chemical, and functional properties of polymers, 

ceramics, and composite materials, and relate their properties to technological applications. 

CO3 
Describe the origin of magnetic properties in materials and evaluate the behavior, applications, 

and performance of soft magnetic, hard magnetic, and ferrite materials. 

CO4 
Explain the fundamental concepts of nanoscience, including size-dependent properties, quantum 

confinement effects, surface phenomena, and different classes of nanomaterials such as 

nanoparticles, nanotubes, quantum dots, graphene, and nanocomposites. 

CO5 
Analyze various synthesis and characterization techniques of nanomaterials and evaluate their 

applications in electronics, energy, sensors, catalysis, biomedical fields, and advanced functional 

materials. 
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PHY-514    PLASMA PHYSICS    05 credits 
 
Basic Plasma Concepts and Single-Particle Motion: Occurrence of plasma in nature and laboratory; plasma criteria; 

Debye shielding; plasma frequency; plasma parameter; quasineutrality and validity of plasma approximation. Motion of 

charged particles in uniform electric and magnetic fields; crossed electric and magnetic fields; motion in non-uniform 

fields; gradient drift, curvature drift, and polarization drift. Adiabatic invariants and magnetic mirrors. 

 

Fluid Description and Plasma Transport: Fluid description of plasma; continuity equation, equation of motion, and 

pressure equation. Plasma as a conducting fluid; electron and ion fluid motion. Fluid drifts parallel and perpendicular to 

the magnetic field. Plasma oscillations; electron plasma waves; ion acoustic waves. Diffusion in weakly ionized and fully 

ionized plasmas; ambipolar diffusion; decay of plasma by diffusion. 

 

Waves in Plasma and Wave Propagation: Electrostatic waves and electromagnetic waves in plasmas. Wave 

propagation in unmagnetized plasma; dispersion relation, cutoff, and plasma refractive index. Wave propagation in 

magnetized plasma for propagation vector parallel and perpendicular to the magnetic field. Ordinary and extraordinary 

waves; Alfvén waves and magnetosonic waves. Phase velocity, group velocity, energy flow, and basic 

waveguide/resonator concepts relevant to plasma devices. 

 

Kinetic Theory and Plasma Instabilities: Distribution functions and velocity space; Boltzmann equation and Vlasov 

equation; derivation of fluid equations from kinetic theory. Landau damping. Two-stream instability; Weibel instability; 

gravitational instability. Ion acoustic shock waves. Ponderomotive force; parametric instabilities; frequency matching 

condition; instability threshold; oscillating two-stream instability and plasma echoes.  

 

Controlled Fusion and Plasma Applications: The problem of controlled thermonuclear fusion; Lawson criterion; 

magnetic confinement: torus, mirrors, and pinches. Plasma heating methods. Laser-induced fusion and inertial 

confinement fusion. Introduction to plasma applications: space and astrophysical plasmas, plasma processing, plasma 

diagnostics, microwave-plasma interaction, and high-power microwave/plasma devices. 

 

Suggested Books 

1. F. F. Chen, Introduction to Plasma Physics and Controlled Fusion. 

2. D. R. Nicholson, Introduction to Plasma Theory. 

3. J. A. Bittencourt, Fundamentals of Plasma Physics. 

4. T. H. Stix, Waves in Plasmas. 

5. R. J. Goldston and P. H. Rutherford, Introduction to Plasma Physics. 
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Course 
Outcomes (COs) 

Description 

CO1 
Explain the fundamental concepts of plasma, including plasma criteria, Debye shielding, plasma 

frequency, quasineutrality, and analyze the motion of charged particles in electric and magnetic 

fields, including particle drifts and magnetic confinement.  

CO2 
Apply the fluid description of plasmas to derive and analyze the governing equations of plasma 

dynamics, transport processes, plasma oscillations, wave phenomena, and diffusion mechanisms in 

weakly and fully ionized plasmas.  

CO3 
Analyze the propagation of electrostatic and electromagnetic waves in magnetized and 

unmagnetized plasmas by interpreting dispersion relations, wave modes, cutoff conditions, 

refractive index, and wave energy transport.  

CO4 
Evaluate plasma behavior using kinetic theory by interpreting distribution functions, Vlasov and 

Boltzmann equations, Landau damping, plasma instabilities, shock waves, and nonlinear wave–

particle interaction phenomena.  

CO5 
Assess the principles of controlled thermonuclear fusion, plasma heating, magnetic and inertial 

confinement techniques, and examine the applications of plasma in space science, industry, 

diagnostics, and high-power microwave technologies. 
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PHY-516 ADVANCED PHYSICS LABORATORY/MICROPROCESSOR LAB                                        05 credits  

 

Part A: Microprocessor Laboratory 

8085 Microprocessor Programming and Interfacing 

1. Study of 8085 microprocessor architecture, instruction set, addressing modes, assembly language 

programming, and use of microprocessor trainer kit. 

2. Programs for arithmetic and logical operations using 8085 microprocessor. 

3. Programs for data transfer, sorting, searching, delay generation, and code conversion using 8085 

microprocessor. 

4. Interfacing of 8085 microprocessor with elevator simulator module. 

5. Interfacing of 8085 microprocessor with traffic light controller module. 

6. Interfacing of 8085 microprocessor with ADC 0809 module. 

7. Interfacing of 8085 microprocessor with DAC 0800 module. 

8. Interfacing of 8085 microprocessor with stepper motor controller module. 

9. Interfacing of seven-segment display and matrix keyboard module. 

10. Interfacing of 16 × 1 LCD display module. 

11. Interfacing of 16 × 1 LCD display with matrix keyboard module. 

12. Interfacing of 5 × 4 matrix keyboard module. 

13. Temperature measurement using microprocessor-based interfacing module. 

14. Microprocessor-based data acquisition and display of sensor output. 

15. Simple control application using microprocessor and external interfacing module. 

 

Part B: Advanced Physics Laboratory 

The following experiments may be included depending on the availability of apparatus: 

1. Study of electron spin resonance and determination of g-factor. 

2. Study of Zeeman effect. 

3. Study of Michelson interferometer or Fabry–Perot interferometer. 

4. Study of optical fibre characteristics: numerical aperture and attenuation. 

5. Study of laser diffraction and determination of wavelength. 

6. Study of GM counter characteristics and counting statistics. 

7. Study of gamma-ray absorption and determination of absorption coefficient. 

8. Study of solar cell characteristics and determination of efficiency and fill factor. 

9. Study of dielectric constant of a material. 

10. Study of magnetic susceptibility by Gouy’s method or Quincke’s method. 

11. Study of magnetoresistance of a material. 

12. Calibration and study of temperature sensors such as RTD, thermistor or thermocouple. 

13. Study of LVDT or displacement transducer. 

14. Design and testing of signal-conditioning circuit for a sensor. 

15. Study of data acquisition using computer / microprocessor / microcontroller interface. 

 

Suggested Books 

1. Ramesh S. Gaonkar, Microprocessor Architecture, Programming, and Applications with the 8085. 

2. B. Ram, Fundamentals of Microprocessors and Microcomputers. 

3. A. P. Mathur, Introduction to Microprocessors. 

4. Douglas V. Hall, Microprocessors and Interfacing. 
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5. B. L. Worsnop and H. T. Flint, Advanced Practical Physics. 

6. D. Chattopadhyay, P. C. Rakshit and B. Saha, An Advanced Course in Practical Physics. 

7. H. S. Kalsi, Electronic Instrumentation. 

8. A. K. Sawhney, A Course in Electrical and Electronic Measurements and Instrumentation. 
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PHY-518     NUMERICAL METHODS USING PYTHON                        02 credits  

Introduction to Python for Scientific Computing 

Introduction to Python programming environment and Jupyter Notebook. Python basics: variables, data types, operators, 

conditional statements, loops, functions, modules and packages. Introduction to scientific computing libraries: NumPy, 

SciPy, Matplotlib and Pandas. Arrays and matrix operations, data handling and visualization. Reading, processing and 

plotting experimental data. Writing efficient and structured computational programs. 

 

Numerical Methods and Data Analysis using Python 

Representation of numbers in computers, floating-point arithmetic, precision and accuracy, truncation and round-off errors, 

error propagation and numerical stability. Solution of algebraic equations using Bisection method, Newton-Raphson 

method and Secant method. Numerical solution of simultaneous linear equations using matrix methods. Interpolation 

techniques: Newton and Lagrange interpolation. Curve fitting, least-square fitting, linear and polynomial regression. 

Numerical differentiation and integration using trapezoidal rule, Simpson’s rule and Gaussian quadrature. 

 
Computational Methods for Physical Problems 

Numerical solution of ordinary differential equations using Euler method, Modified Euler method and Runge-Kutta 

methods. Introduction to finite difference methods for partial differential equations. Numerical simulation of physical 

systems: harmonic oscillator, projectile motion, radioactive decay, population dynamics and coupled oscillators. Random 

number generation, Monte Carlo methods and applications. Fourier analysis and Fast Fourier Transform (FFT). 

Introduction to computational modeling in quantum mechanics, electromagnetism and statistical physics. 

Students may perform computational assignments such as: 

1. Implementation of numerical integration and differentiation algorithms.  

2. Curve fitting and analysis of experimental data.  

3. Solution of ordinary differential equations using Runge-Kutta methods.  

4. Simulation of harmonic oscillator and coupled oscillator systems.  

5. Monte Carlo simulation of random walk and physical systems.  

6. Fourier analysis of experimentally generated signals.  

7. Numerical solution of simple quantum mechanical problems. 

 

Recommended Books 

1. Computational Physics, Nicholas J. Giordano and Hisao Nakanishi, Pearson Education.  

2. An Introduction to Computational Physics, Tao Pang, Cambridge University Press.  

3. Computational Physics, Jos Thijssen, Cambridge University Press.  

4. Numerical Recipes: The Art of Scientific Computing, W. H. Press, S. A. Teukolsky, W. T. Vetterling and B. P. 

Flannery, Cambridge University Press.  

5. Python Programming and Numerical Methods: A Guide for Engineers and Scientists, Qiang Ye, Springer.  

6. A Student’s Guide to Python for Physical Modeling, Princeton University Press.  

7. Effective Computation in Physics: Field Guide to Research with Python, O’Reilly Media.  

8. Python for Data Analysis, O’Reilly Media. 
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Course 

Outcomes (COs) 
Description 

CO1 
Develop Python programs using scientific computing libraries for numerical calculations, data 

processing, and visualization of physical data. 

CO2 
Analyze numerical errors and apply appropriate numerical methods for solving algebraic 

equations, matrix problems, interpolation, regression, differentiation, and integration. 

CO3 
Implement computational algorithms for solving ordinary and partial differential equations and 

simulate physical systems using Python. 

CO4 
Apply computational techniques such as Monte Carlo methods and Fourier analysis to analyze 

and model physical phenomena. 

CO5 
Develop computational approaches for solving research-oriented problems in physics using 

Python-based numerical tools. 

 

 

 

 

 

  


