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SEMESTER-I

Course Code Course Title [Nature of Course| Credit | Class Evaluation
(credit) of hours/ Total
Course | week Internal | Semester
End
PHY-M-T-1 Mathematical Major 6 6 15 60 75
PHY-M-P-1 physics I (4+2)
PHY-MI-T-1 Mathematical Minor 4 4 10 40 50
PHY-MLP-1 physics I (3+1)
PHY-MU-T-1 Physics in Multidisciplinary 3 3 10 35 45
everyday life Course
PHY-SEC-T-1 Electrical Skill 3 3 10 35 45
circuit and Enhancement
network skills Course
Value Added 4 4 10 40 50
Course
20 20 55 210 265
+ Value Added Course will be common to all majors
SEMESTER-II
Course Code Course Title |Nature of Course| Credit | Class Evaluation Total
of hours/ 1
Course | week Internal | Semester
End
PHY-M-T-2 Mechanics Major 6 6 15 60 75
(4+2)
PHY-M-P-2
PHY-MI-T-2 Mathematical Minor 4 4 10 40 50
PHY-MI-P-2 physics I (3+1)
PHY-MU-T-2 Physics in | Multidisciplinary 3 3 10 35 45
everyday life Course
PHY-AECC-T-1 Ability 4 4 10 40 50
Enhancement
Course
PHY-SEC-T-2 Basic Skill 3 3 10 35 45
Instrumentati Enhancement
on Skills Course
For Certificate Summer 4* 4
Internship
20 20 45 220 265

4+ Ability Enhancement Course will be common to all majors.

*Additional for Certificate




SEMESTER-III

Course Code Course Title Nature of Course | Credit | Class Evaluation
of hours/ Total
Course | week Internal | Semes
ter
End
PHY-M-T-3 | Electricity and Major 6 6 15 60 75
magnetism
PHY-M-P-3 (4+2)
PHY-MI-T-3 Electricity Minor 4 4 10 40 50
and magnetism
PHY-MI-P-3 (3+1)
PHY-MU-T-3 Physics in Multidisciplinary 3 3 10 35 45
everyday life Course
PHY-SEC-T-3 Renewable Skill 3 3 10 35 45
Energy and Enhancement
Energy Course
Harvesting
Value Added 4 4 10 40 S0
Course
20 20 55 210 | 265
+ Value Added Course will be common to all majors
SEMESTER-IV
Course Code Course Title Nature of Credit | Class Evaluation
Course of hours/ Total
Course | week Internal | Semester
End
PHY-M-T-4 Wave Optics and Major 6 6 15 60 75
Electromagnetic
PHY-M-P-4 Theory (4+2)
PHY-M-T-5 Thermal Physics Major 6 6 15 60 75
PHY-M-P-5 (4+2)
PHY-MI-T-4 Electricity and Minor 4 4 10 40 50
PHY-MI-P-4 magnetism (3+1)
PHY-AECC-T-2 Ability 4 4 10 40 S0
Enhancemen
t Course
For Diploma Summer G** 4
Internship
20 20 S50 200 250

+ Ability Enhancement Course will be common to all major.

** Additional

for Diploma




SEMESTER-V

Course Code Course Title Nature of Credit | Class Evaluation
Course of hours/ Total
Course | week |Internal |Semester
End
PHY-M-T-6 Classical and Major 6 6 15 60 75
Statistical
PHY-M-P-6 | Mechanics (4+2)
PHY-M-T-7 Quantum Major 6 6 15 60 75
PHY-M-P-7 Mechanics (4+2)
PHY-MI-T-5 Thermal and Minor 4 4 10 40 50
Statistical

PHY-MI-P-5 | physics (3+1)

OTH-MI-T-1 | Minor from any Minor 4 4 10 40 50
other subject (4)

20 20 50 200 250

SEMESTER-VI

Course Code Course Title Nature of | Credit of | Class Evaluation Total
Course Course | hours/
week |Internal [ Semester
End

PHY-M-T-8 Electronics (4+2) Major 6 6 15 60 75

PHY-M-P-8

PHY-M-T-9 | Solid state physics Major 6 6 15 60 75

(4+2)

PHY-M-P-9

PHY-M-T-10 Mathematical Major 6 6 15 60 75
Physics-II (4+2)
PHY-M-P-10
For B.Sc. Outreach/ 2 2
Internship
20 45 180 225




SEMESTER-VII

Course Code Course Title Nature | Credit Class Evaluation
of of hours/ Total
Course | Course week Internal | Semester
End
PHY-M-T-11 | Nuclear and Particle | Major 6 6 15 60 75
Physics
PHY-M-T-12 | Adv mathematical Major 6 4+2 10+5 40+20 |50+25
PHY-M-P-12 physics (4+2) =15 =60 =75
PHY-M-T-13 | Adv electronics and | Major 6 4+2 10+5 40+20 | 50+25
instrumentation =15 =60 =75
PHY-M-P-13 (4+2)
PHY-MI-T-6 Electronics (3+1) Minor 4 4 10 40 50
PHY-MI-P-6
OTH-MI-T-2 Minor from any Minor 4 4 10 40 50
other subject (4)
26 26 65 260 325
SEMESTER-VIII
Course Code Course Title Nature of| Credit | Class Evaluation
Course of hours/ Total
Course | week [Internal| Semester
End
PHY-M-T-14 | Atomic and molecular Major 4 4 10 40 50
physics
PHY-M-T-15 Adv Quantum Major 4 4 10 40 S0
mechanics
PHY-M-T-16 Adv Lab Major 4 4 10 40 50
For B.Sc. Honours Without Research Degree
PHY-M-WR-1 Material Science/ Major 6 6 15 60 75
astronomy &
astrophysics/nonlinear
dynamics
PHY-M-WR-2 Communication Major 6 6 15 60 75
Electronics /
electrodynamics and
plasma /adv nuclear
physics
For B.Sc. Honours with Research Degree
PHY-M-R Research Project/ Dissertation 12 12
Semester-I




MAJOR

PHY-M-T-1: MATHEMATICAL PHYSICS-I
Theory: (4 Credits) No. of Lectures — 60

Marks (Semester End - 40, Internal Assessment - 10)
Internal Assessment: 10 [Class Attendance (Theory) - 05, Class Test/ Assignment/
Tutorial - 03]

The emphasis of course is on applications in solving problems of interest to physicists. The
students are to be examined entirely on the basis of problems, seen and unseen.
Calculus:
Recapitulation: Limits, continuity, average and instantaneous quantities, differentiation.
Plotting functions. Intuitive ideas of continuous, differentiable, etc. functions and plotting of
curves. Approximation: Taylor and binomial series (statements only). First Order Differential

Equations and Integrating Factor. (5 Lectures)

Second Order Differential equations: Homogeneous Equations with constant coefficients.
Wronskian and general solution. Statement of existence and Uniqueness Theorem for Initial

Value Problems. Particular Integral. (10 Lectures)

Calculus of functions of more than one variable: Partial derivatives, exact and inexact
differentials. Integrating factor, with simple illustration. Constrained Maximization using

Lagrange Multipliers. (5 Lectures)

Vector Calculus:
Recapitulation of vectors: Properties of vectors under rotations. Scalar product and its
invariance under rotations. Vector product, Scalar triple product and their interpretation in

terms of area and volume respectively. Scalar and Vector fields. (6 Lectures)

Vector Differentiation: Directional derivatives and normal derivative. Gradient of a scalar field
and its geometrical interpretation. Divergence and curl of a vector field. Del and Laplacian
operators. Vector identities, Gradient, divergence, curl and Laplacian in spherical and

cylindrical coordinates. (7 Lectures)

Vector Integration: Ordinary Integrals of Vectors. Multiple integrals, Jacobian. Notion of
infinitesimal line, surface and volume elements. Line, surface and volume integrals of Vector
fields. Flux of a vector field. Gauss' divergence theorem, Green's and Stokes Theorems and
their applications (no rigorous proof) (10 Lectures)

Orthogonal Curvilinear Coordinates: Orthogonal Curvilinear Coordinates. Derivation of
Gradient, Divergence, Curl and Laplacian in Cartesian, Spherical and Cylindrical Coordinate

Systems. (4 Lectures)




Matrices:

Transpose of a Matrix. Symmetric and Skew-Symmetric Matrices. Conjugate of a Matrix.
Hermitian and Skew- Hermitian Matrices. Singular and Non-Singular matrices. Orthogonal and
Unitary Matrices. Trace of a Matrix. Eigen-values and Eigenvectors (Degenerate and non-
degenerate). Cayley-Hamiliton Theorem. Diagonalization of Matrices. Solutions of Coupled

Linear Ordinary homogeneous Differential Equations. Functions of a Matrix. (6 Lectures)

Introduction to probability:
Independent random variables: Sample space and Probability distribution functions. Binomial,

Gaussian, and Poisson distribution with examples. Mean and variance. (5 Lectures)

Dirac Delta function and its properties:
Definition of Dirac delta function. Representation as limit of a Gaussian function and

rectangular function. Properties of Dirac delta function. (2 Lectures)

Reference Books:

* Vector Analysis, S. Lipschutz, D. Spellman, M. R. Spiegel, Schaum’s Outlines Series

* Fundamentals of Mathematical Physics, A.B. Gupta, Books & Allied Ltd; 5th edition

* Mathematical Physics, Goswami, 1st edition, Cengage Learning

* Mathematical methods for Scientists and Engineers, D.A. McQuarrie, 2003, Viva Book
* Higher Enginering Mathematics, B. S. Grewal, Khanna Publisher

* Play with Graphs, Amit M. Agarwal, Arihant Publisher

* Advanced Engineering Mathematics, D.G. Zill and W.S. Wright, 5 Ed., 2012, Jones and
Bartlett Learning

* Advanced Engineering Mathematics, Erwin Kreyszig, 2008, Wiley India.

* Essential Mathematical Methods, K.F.Riley & M.P.Hobson, 2011, Cambridge Univ.
Press

Mathematical Methods for Physicists, G.B. Arfken, H.J. Weber, F.E. Harris, 2013, 7th
Edn., Elsevier.

PHY-M-P-1: MATHEMATICAL PHYSICS-I

Practical - (2 Credits) No. of Classes- 60
Marks: Semester End - 20 (Lab. Note Book - 05, Viva-Voce-05, Experiment -10)

Internal Assessment - 05 (Sessional Viva-voce)

The aim of this Lab is not just to teach computer programming and numerical analysis but
to emphasize its role in solving problems in Physics.

e Highlights the use of computational methods to solve physical problems

e The course will consist of lectures (both theory and practical) in the Lab

e Evaluation done not on the programming but on the basis of formulating the problem

e Aim at teaching students to construct the computational problem to be solved

e Students can use any one operating system Linux or Microsoft Windows
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Introduction and Overview

Computer architecture and organization, memory and Input/output devices

Basics of scientific computing
Binary and decimal arithmetic, Floating point numbers, algorithms, Sequence, Selection and
Repetition, single and double precision arithmetic, underflow & overflow-emphasize the

importance of making equations in terms of dimensionless variables, Iterative methods

Errors and error Analysis

Truncation and round off errors, Absolute and relative errors, Floating point computations.

Introduction to programming in Python/Fortran/Matlab/C/C++:

Introduction to programming, constants, variables and data types, dynamical typing, operators
and expressions, modules, I/O statements, iterables, compound statements, indentation in
python, the if-elif-else block, for and while loops, nested compound statements, lists, tuples,

dictionaries and strings, basic ideas of object-oriented programming.

Introduction to plotting graphs with Matplotlib/Gnu plot/Origin/Excel
Basic 2D and 3D graph plotting - plotting functions and datafiles, fitting data using gnuplot's
fit function, polar and parametric plots, modifying the appearance of graphs, Surface and

contour plots, exporting plots

Programming:
Sum & average of a list of numbers, largest of a given list of numbers and its location in
the list, sorting of numbers in ascending descending order, Binary search, Factorial of a

number, sum of a power series e.g. sin, cosine, exponential series etc.

Random number generation

Area of circle, area of square, volume of sphere, value of pi ().

Solution of Algebraic and Transcendental equations by Bisection, Newton Raphson and

Secant methods

Solution of linear and quadratic equation, solving, d =tan@, [ =1, {Sina / a}2 in optics

Interpolation by Newton Gregory Forward and Backward difference formula, Error
estimation of linear interpolation

Evaluation of trigonometric functions e.g. siné,cosé,tan @ etc.

Numerical differentiation (Forward and Backward difference formula) and Integration
(Trapezoidal and Simpson rules), Monte Carlo method

Given Position with equidistant time data to calculate velocity and acceleration and vice versa.
Find the area of B-H Hysteresis loop. Monte-Carlo integration Curve fitting, Least square fit,
Goodness of fit, standard deviation Ohms law to calculate R, Hooke's law to calculate spring

constant.




Referred Books:

* Introduction to Numerical Analysis, S.S. Sastry, Sth Edn. , 2012, PHI Learning Pvt. Ltd.

* Numerical Methods, Arun Kr Jalan, Utpal Sarkar, University Press

* Python Programming, Satyanarayana, Radhika Mani, Jagdesh, University Press

* Scientific Computing in Python, Abhijit Kar Gupta, Techno World

* Schaum's Outline of Programming with C++. J. Hubbard, 2000, McGraw-Hill Pub.

* Numerical Recipes in C: The Art of Scientific Computing, W.H. Pressetal, 3rd Edn. , 2007,
Cambridge University Press.

* A first course in Numerical Methods, U.M. Ascher & C. Greif, 2012, PHI Learning.

* Elementary Numerical Analysis, K.E. Atkinson, 3rd Edn. , 2007, Wiley India Edition.

* Numerical Methods for Scientists & Engineers, R.W. Hamming, 1973, Courier Dover Pub.
* An Introduction to computational Physics, T.Pang, 2nd Edn. , 2006, Cambridge Univ. Press

MINOR

PHY- MI-T-1: MATHEMATICAL PHYSICS-I
Theory: (3 Credits) No. of Lectures - 45

Marks (Semester End - 30, Internal Assessment — 05)

The emphasis of course is on applications in solving problems of interest to physicists. The
students are to be examined entirely on the basis of problems, seen and unseen.
Calculus:
Recapitulation: Limits, continuity, average and instantaneous quantities, differentiation.
Plotting functions. Intuitive ideas of continuous, differentiable, etc. functions and plotting of
curves. Approximation: Taylor and binomial series (statements only). First Order Differential

Equations and Integrating Factor. (5 Lectures)

Second Order Differential equations:
Homogeneous Equations with constant coefficients. Wronskian and general solution. Statement
of existence and Uniqueness Theorem for Initial Value Problems. Particular Integral. (10

Lectures)

Vector Calculus:
Recapitulation of vectors: Properties of vectors under rotations. Scalar product and its
invariance under rotations. Vector product, Scalar triple product and their interpretation in

terms of area and volume respectively. Scalar and Vector fields. (6 Lectures)

Vector Differentiation:
Directional derivatives and normal derivative. Gradient of a scalar field and its geometrical

interpretation. Divergence and curl of a vector field. Del and Laplacian operators. Vector
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identities, Gradient, divergence, curl and Laplacian in spherical and cylindrical coordinates. (7
Lectures)

Vector Integration:

Ordinary Integrals of Vectors. Multiple integrals, Jacobian. Notion of infinitesimal line, surface
and volume elements. Line, surface and volume integrals of Vector fields. Flux of a vector field.
Gauss' divergence theorem, Green's and Stokes Theorems and their applications (no rigorous

proof) (10 Lectures)

Matrices:

Transpose of a Matrix. Symmetric and Skew-Symmetric Matrices. Conjugate of a Matrix.
Hermitian and Skew- Hermitian Matrices. Singular and Non-Singular matrices. Orthogonal and
Unitary Matrices. Trace of a Matrix. Eigen-values and Eigenvectors (Degenerate and non-

degenerate). (S Lectures)

Dirac Delta function and its properties:
Definition of Dirac delta function. Representation as limit of a Gaussian function and

rectangular function. Properties of Dirac delta function. (2 Lectures)

Reference Books:

* Mathematical Methods for Physicists, G.B. Arfken, H.J. Weber, F.E. Harris, 2013, 7th
Edn., Elsevier.

* Vector Analysis, S. Lipschutz, D. Spellman, M. R. Spiegel, Schaum’s Outlines Series

* Fundamentals of Mathematical Physics, A.B. Gupta, Books & Allied Ltd; 5th edition

* Mathematical Physics, Goswami, 1st edition, Cengage Learning

* Mathematical methods for Scientists and Engineers, D.A. McQuarrie, 2003, Viva Book
* Higher Enginering Mathematics, B. S. Grewal, Khanna Publisher

* Play with Graphs, Amit M. Agarwal, Arihant Publisher

* Advanced Engineering Mathematics, D.G. Zill and W.S. Wright, 5 Ed., 2012, Jones and
Bartlett Learning

* Advanced Engineering Mathematics, Erwin Kreyszig, 2008, Wiley India.

* Essential Mathematical Methods, K.F.Riley & M.P.Hobson, 2011, Cambridge Univ.
Press

* Undergraduate Physics Companion (Vol-1), S. Pal, 1st edition 2022, Suhrid Prakashani,
Kolkata.

PHY-MI-P-1: MATHEMATICAL PHYSICS-I
Practical - (1 Credits) No. of Classes- 30

Marks: (Semester End - 10, Internal Assessment - 05)
Introduction to programming in Python/Fortran/Matlab/C/C++:

Introduction to programming, constants, variables and data types, dynamical typing, operators
and expressions, modules, I/O statements, iterables, compound statements, indentation in

python, the if-elif-else block, for and while loops, nested compound statements, lists, tuples,
11




dictionaries and strings, basic ideas of object-oriented programming.

Introduction to plotting graphs with Matplotlib/Gnuplot/Origin/Excel
Basic 2D and 3D graph plotting - plotting functions and datafiles, fitting data using gnuplot's

fit function, modifying the appearance of graphs.

Programs:
Sum & average of a list of numbers, largest of a given list of numbers and its location in the
list, sorting of numbers in ascending descending order, Binary search, Factorial of a number,

sum of a power series e.g. sin, cosine, exponential series etc.

Random number generation

Area of circle, area of square, volume of sphere, value of pi (),

Solution of Algebraic and Transcendental equations by Bisection, Newton Raphson and
Secant methods

Solution of linear and quadratic equation, solving, 6 = tan 6

Referred Books:

* Introduction to Numerical Analysis, S.S. Sastry, 5th Edn., 2012, PHI Learning Pvt. Ltd.

* Numerical Methods, Arun Kr Jalan, Utpal Sarkar, University Press

* Python Programming, Satyanarayana, Radhika Mani, Jagdesh, University Press

* Scientific Computing in Python, Abhijit Kar Gupta, Techno World

* Schaum's Outline of Programming with C++. J. Hubbard, 2000, McGraw-Hill Pub.

* Numerical Recipes in C: The Art of Scientific Computing, W.H. Pressetal, 3rd Edn. , 2007,
Cambridge University Press.

* A first course in Numerical Methods, U.M. Ascher & C. Greif, 2012, PHI Learning.

* Elementary Numerical Analysis, K.E. Atkinson, 3rd Edn. , 2007, Wiley India Edition.

* Numerical Methods for Scientists & Engineers, R.W. Hamming, 1973, Courier Dover Pub.
* An Introduction to computational Physics, T.Pang, 2nd Edn. , 2006, Cambridge Univ. Press.

MULTIDISCIPLINARY COURSE

PHY-MU-T-1: PHYSICS IN EVERYDAY LIFE
Theory: (3 Credits) No. of Lectures — 45

Marks: (Semester End - 35, Internal Assessment - 10)

Internal Assessment [Class Attendance (Theory) - 05, Theory (Class Test/ Assignment/
Tutorial) - 05]

Course Description: This course aims to introduce the fundamental principles of physics and

explore their applications in various aspects of everyday life. Students will develop an
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understanding of the physical laws governing the world around us and how they manifest in

common phenomena and technologies by a qualitative approach.
Course Objectives:

e To provide an overview of key physics concepts and principles.

e To demonstrate the relevance of physics in everyday life.

e To develop critical thinking skills in analysing and explaining real-world phenomena using
physics principles.

e To foster an appreciation for the scientific method and the role of physics in advancing

society.

Introduction to Physics: Overview of Physics and its role in understanding the natural world.

Scientific method and experimental design. Units and measurements. (6 Lectures)

Mechanics and Motion: Newton's laws of motion and their applications, Projectile motion,

Forces in equilibrium, Friction and its effects, Physics of transportation and motion. (6 Lectures)

Energy and Its Transformations: Conservation of energy, Work and power, Potential and
kinetic energy, Energy transfers and transformations, Physics in sports and recreational

activities. (6 Lectures)

Waves and Sound: Properties of waves, Sound waves and their characteristics, Pitch, loudness,
and the Doppler effect, Sound production and perception, Physics of music and musical

instruments. (6 Lectures)

Light and Optics: Electromagnetic spectrum, Reflection, refraction, and diffraction, Lenses and

optical instruments, Vision and the human eye. (6 Lectures)

Electricity and Magnetism: Electric charge and electric fields, Electric circuits and Ohm's law,

Magnetism and magnetic fields, Electromagnetic induction. (6 Lectures)

Modern Physics: Atomic structure and quantum theory, Particle physics and the Standard
Model. Nuclear physics and radioactivity, Applications of modern physics in technology. (9

Lectures)

(All the above topics will be taught in qualitative approach and with examples as much as possible)

Reference Books:

e Mechanics Berkeley Physics, v.1: Charles Kittel, et. al. 2007, Tata McGraw-Hill.

e Physics - Resnick, Halliday & Walker 9/e, 2010, Wiley

e Undergraduate Physics Companion (Vol-1), Dr. S. Pal, 1st edition, Suhrid Book Stall,
Kolkata.

e Classical Mechanics and Properties of Matter, Gupta, Books and Allied (P) Ltd.
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e Principles of Acoustics, Ghosh, Shreedhar Publisher.

e Snatak Padartha Bigyan (Part -1 & 2), Dasgupta, Book Syndicate

e Concepts of Modern Physics, Arthur Beiser, 2002, McGraw-Hill.

e Introduction to Modern Physics, Rich Meyer, Kennard, Coop, 2002, Tata McGraw Hill

e Physics for scientists and Engineers with Modern Physics, Jewett and Serway, 2010,
Cengage Learning.

o AT RGBT FARPH, TRAT: SPNS NG, GAS 5Fdol, WGy AFH

Additional Books for Reference:

e Modern Atomic and Nuclear Physics, A. B. Gupta, Books & Allied Ltd; 2nd Revised edn.
e A Text Book On Light By B.Ghosh & K.G Mazumdar, Sreedhar Publishers

e Atomic Physics, Ghoshal, S. Chand

e Nuclear Physics, Ghoshal, S. Chand

SKILL ENHANCEMENT COURSES

PHY-SEC-T-1: ELECTRICAL CIRCUITS & NETWORK SKILLS
Theory: (3 Credits) No. of Lectures — 45)

Marks: (Semester End - 35, Internal Assessment - 10)

Internal Assessment [(Class Test/ Assignment/ quiz etc) - 10]

The aim of this course is to enable the students to design and trouble shoots the electrical circuits,

networks and appliances through hands-on mode.

Basic Electricity Principles: Voltage, Current, Resistance, and Power. Ohm's law, Series,
parallel, and series-parallel combinations. AC Electricity and DC Electricity. Familiarization
with digital multimeter (name of the circuit elements and their ranges), Analog voltmeter and

analog ammeter. (10 Lectures)

Understanding Electrical Circuits: Main electric circuit elements and their combination. Rules
to analyze DC sourced electrical circuits. Current and voltage drop across the DC circuit
elements. Single-phase and three-phase alternating current sources (principle of generation,
output wave form, advantage of using three- phase). Rules to analyze AC sourced electrical
circuits. Real, imaginary and complex power components of AC source. Power factor. Saving

energy and money. (10 Lectures)

Generators and Transformers: DC Power sources (basic idea). AC and DC generators (basic
principle of action). Inductance, capacitance, and impedance. Operation of transformers (Step-

up and step-down). (6 Lectures)

Electric Motors: Single-phase, three-phase & DC motors. Basic design. Speed & power of ac

motor. (4 Lectures)
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Solid-State Devices: Resistors, inductors and capacitors. Diode and rectifiers (half wave and
full wave rectifier with L, C, L-C filter arrangement, regulation). Components in Series or in

shunt. Response of inductors and capacitors with DC or AC sources. (5 Lectures)

Electrical Protection: Relays, Fuses and disconnect switches, Working principle of Circuit

breakers, Miniature circuit breaker and its types. (S Lectures)

Electrical Wiring: Conduit wiring (basic idea of house hold wiring). Basics of wiring: Star and
Delta Connections. Preparation of extension board, Wiring Materials (Basic information about

the wiring components). (S Lectures)

Reference Books:

e A text book in Electrical Technology - B L Theraja - S Chand and Co.

e Performance and design of AC machines - M G Say ELBS Edn.

e Digital Circuits and systems, Venugopal, 2011, Tata McGraw Hill.

e Logic circuit design, Shimon P. Vingron, 2012, Springer.

e Digital Electronics, Subrata Ghoshal, 2012, Cengage Learning.

e Electronic Devices and circuits, S. Salivahanan & N. S.Kumar, 3rd Ed., 2012, Tata Mc-
Graw Hill

e Electronic circuits: Handbook of design and applications, U.Tietze, Ch.Schenk, 2008,
Springer

e Electronic Devices, 7/e Thomas L. Floyd, 2008, Pearson India

Semester-11

MAJOR

PHY-M-T-2: MECHANICS
Theory: (4 Credits) No. of Lectures — 60

Marks (Semester End - 40, Internal Assessment - 10)
Internal Assessment: 10 [Class Attendance (Theory) - 05, Class Test/ Assignment/
Tutorial - 03]
Fundamentals of Dynamics: Reference frames. Inertial frames; Galilean transformations;

Galilean invariance. Review of Newton's Laws of Motion. Dynamics of a system of particles.
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Centre of Mass. Principle of conservation of momentum. Impulse. Momentum of variable-mass

system: motion of rocket. (6 Lectures)

Work and Energy: Work and Kinetic Energy Theorem. Conservative and non-conservative
forces. Potential Energy. Energy diagram. Stable and unstable equilibrium. Elastic potential
energy. Force as gradient of potential energy. Work & Potential energy. Work done by non-

conservative forces. Law of conservation of Energy. (4 Lectures)

Collisions: Elastic and inelastic collisions between particles. Centre of Mass and Laboratory

frames. (3 Lectures)

Rotational Dynamics: Angular momentum of a particle and system of particles. Torque.
Principle of conservation of angular momentum. Rotation about a fixed axis. Moment of Inertia.
Calculation of moment of inertia for rectangular, cylindrical and spherical bodies. Kinetic energy

of rotation. Motion involving both translation and rotation. (12 Lectures)

Elasticity: Relation between Elastic constants. Twisting torque on a Cylinder or Wire. (3

Lectures)

Fluid Motion: Kinematics of Moving Fluids: Poiseuille's Equation for Flow of a Liquid through

a Capillary Tube. Euler’s Equation. Bernoulli’s Theorem. (2 Lectures)

Gravitation and Central Force Motion: Law of gravitation. Gravitational potential energy.
Inertial and gravitational mass. Potential and field due to spherical shell and solid sphere. (3

Lectures)

Motion of a particle under a central force field: Two-body problem and its reduction to one-
body problem and its solution. The energy equation and energy diagram. Kepler's Laws. Satellite
in circular orbit and applications. Geosynchronous orbits. Weightlessness. Basic idea of global

positioning system (GPS). Physiological effects on astronauts. (6 Lectures)

Oscillations: SHM: Simple Harmonic Oscillations. Differential equation of SHM and its
solution. Kinetic energy, potential energy, total energy and their time-average values. Damped
oscillation. Forced oscillations: Transient and steady states; Resonance, sharpness of

resonance; power dissipation and Quality Factor. (7 Lectures)

Non-Inertial Systems: Non-inertial frames and fictitious forces. Uniformly rotating frame. Laws
of Physics in rotating coordinate systems. Centrifugal force. Coriolis force and its
applications. Components of Velocity and Acceleration in Cylindrical and Spherical Coordinate

Systems. (4 Lectures)

Special Theory of Relativity: Michelson-Morley Experiment and its outcome. Postulates of

Special Theory of Relativity. Lorentz Transformations. Simultaneity and order of events.
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Lorentz contraction. Time dilation. Relativistic transformation of velocity, frequency and wave
number. Relativistic addition of velocities. Variation of mass with velocity. Massless Particles.
Mass-energy Equivalence. Relativistic Doppler effect. Relativistic Kinematics. Transformation of

Energy and Momentum. Four Vectors (definition and examples only). (10 Lectures)

Reference Books:

e Mechanics and general properties of matter, Satyendra Nath Maiti and Debiprasad
Roychoudhury, New age international.

e Mechanics through Problems, Dhiranjan Roy, Ananda Dasgupta, 2022, Techno World.

e Problems in General Physics, I E Irodov, Arihant Publications.

e Mechanics, Berkeley Physics, vol. 1, C.Kittel, W.Knight, et.al. 2007, Tata McGraw-Hill.

e Physics, Resnick, Halliday and Walker 8/e. 2008, Wiley.

e Feynman Lectures, Vol. I, R.P.Feynman, R.B.Leighton, M.Sands, 2008, Pearson Education

e Introduction to Special Relativity, R. Resnick, 2005, John Wiley and Sons.

e University Physics, Ronald Lane Reese, 2003, Thomson Brooks/Cole.

e Undergraduate Physics Companion (Vol-1), S. Pal, 1st edition, Suhrid Prakashani, Kolkata

Additional Books for Reference

e Mechanics, D.S. Mathur, S. Chand and Company Limited, 2000
e University Physics. F.W Sears, M.W Zemansky, H.D Young 13 /e, 1986, Addison Wesley
e Theoretical Mechanics, M.R. Spiegel, 2006, Tata McGraw Hill.

PHY-M-P-2: MECHANICS
Practical - (2 Credits) No. of Classes- 60
Marks: Semester End - 20 (Lab. Note Book - 05, Viva-Voce-05, Experiment -10)

Internal Assessment — 05 (Sessional Viva-voce)

List of Experiments: (At least ten practicals have to be done from the above list.)

1. Measurements of length (or diameter) using vernier caliper, screw gauge and travelling
microscope.

2. To study the random error in observations.

3. To determine the height of a building using a Sextant.

4. To study the Motion of Spring and calculate (a) Spring constant, (b) g

5. To determine the Moment of Inertia of a Flywheel/ a rigid body.

6. To determine g and velocity for a freely falling body using Digital Timing Technique
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7. To determine Coefficient of Viscosity of water by Capillary Flow Method (Poiseuille's
method).

8. To determine the Young's Modulus of the material of a bar by flexure method

9. To determine the Modulus of Rigidity of a Wire by - Dynamic Method.

10. To determine the elastic Constants of a wire by Searle's method.

11. To determine the value of g using Bar Pendulum.

12. To determine the value of g using Kater's Pendulum.

13. To draw the frequency - resonance length curve of a sonometer wire and to determine an
unknown frequency of a tuning fork

14. Measurement of coefficient of viscosity by Stoke's method.

Reference Books

* Practical Physics Vol 1, Vol 2, B. Ghosh, K. G. Majumder, Sreedhar Publisher

* Advanced Practical Physics for students, B. L. Flint and H.T. Worsnop, 1971, Asia
Publishing House

* Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4th Edition,
reprinted 1985, Heinemann Educational Publishers

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

MINOR

PHY- MI-T-2: MATHEMATICAL PHYSICS-I
Theory: (3 Credits) No. of Lectures - 45

Marks (Semester End - 30, Internal Assessment — 05)
The emphasis of course is on applications in solving problems of interest to physicists. The

students are to be examined entirely on the basis of problems, seen and unseen.

Calculus:

Recapitulation: Limits, continuity, average and instantaneous quantities, differentiation.
Plotting functions. Intuitive ideas of continuous, differentiable, etc. functions and plotting of
curves. Approximation: Taylor and binomial series (statements only). First Order Differential

Equations and Integrating Factor. (S Lectures)

Second Order Differential equations:
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Homogeneous Equations with constant coefficients. Wronskian and general solution. Statement
of existence and Uniqueness Theorem for Initial Value Problems. Particular Integral. (10

Lectures)

Vector Calculus:
Recapitulation of vectors: Properties of vectors under rotations. Scalar product and its
invariance under rotations. Vector product, Scalar triple product and their interpretation in

terms of area and volume respectively. Scalar and Vector fields. (6 Lectures)

Vector Differentiation:

Directional derivatives and normal derivative. Gradient of a scalar field and its geometrical
interpretation. Divergence and curl of a vector field. Del and Laplacian operators. Vector
identities, Gradient, divergence, curl and Laplacian in spherical and cylindrical coordinates. (7
Lectures)

Vector Integration:

Ordinary Integrals of Vectors. Multiple integrals, Jacobian. Notion of infinitesimal line, surface
and volume elements. Line, surface and volume integrals of Vector fields. Flux of a vector field.
Gauss' divergence theorem, Green's and Stokes Theorems and their applications (no rigorous

proof) (10 Lectures)

Matrices:

Transpose of a Matrix. Symmetric and Skew-Symmetric Matrices. Conjugate of a Matrix.
Hermitian and Skew- Hermitian Matrices. Singular and Non-Singular matrices. Orthogonal and
Unitary Matrices. Trace of a Matrix. Eigen-values and Eigenvectors (Degenerate and non-

degenerate). (S Lectures)

Dirac Delta function and its properties:
Definition of Dirac delta function. Representation as limit of a Gaussian function and

rectangular function. Properties of Dirac delta function. (2 Lectures)

Reference Books:

* Mathematical Methods for Physicists, G.B. Arfken, H.J. Weber, F.E. Harris, 2013, 7th
Edn., Elsevier.

* Vector Analysis, S. Lipschutz, D. Spellman, M. R. Spiegel, Schaum’s Outlines Series

* Fundamentals of Mathematical Physics, A.B. Gupta, Books & Allied Ltd; 5th edition

* Mathematical Physics, Goswami, 1st edition, Cengage Learning

* Mathematical methods for Scientists and Engineers, D.A. McQuarrie, 2003, Viva Book
* Higher Enginering Mathematics, B. S. Grewal, Khanna Publisher

* Play with Graphs, Amit M. Agarwal, Arihant Publisher

* Advanced Engineering Mathematics, D.G. Zill and W.S. Wright, 5 Ed., 2012, Jones and
Bartlett Learning

* Advanced Engineering Mathematics, Erwin Kreyszig, 2008, Wiley India.

* Essential Mathematical Methods, K.F.Riley & M.P.Hobson, 2011, Cambridge Univ.
Press

* Undergraduate Physics Companion (Vol-1), S. Pal, 1st edition 2022, Suhrid Prakashani,
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Kolkata.

PHY-MI-P-2: MATHEMATICAL PHYSICS-I
Practical - (1 Credits) No. of Classes- 15

Marks: (Semester End - 10, Internal Assessment - 05)

Introduction to programming in Python/Fortran/Matlab/C/C++:

Introduction to programming, constants, variables and data types, dynamical typing, operators
and expressions, modules, I/O statements, iterables, compound statements, indentation in
python, the if-elif-else block, for and while loops, nested compound statements, lists, tuples,

dictionaries and strings, basic ideas of object-oriented programming.

Introduction to plotting graphs with Matplotlib/Gnuplot/Origin/Excel
Basic 2D and 3D graph plotting - plotting functions and datafiles, fitting data using gnuplot's

fit function, modifying the appearance of graphs.

Programs:
Sum & average of a list of numbers, largest of a given list of numbers and its location in the
list, sorting of numbers in ascending descending order, Binary search, Factorial of a number,

sum of a power series e.g. sin, cosine, exponential series etc.

Random number generation

Area of circle, area of square, volume of sphere, value of pi (),

Solution of Algebraic and Transcendental equations by Bisection, Newton Raphson and
Secant methods

Solution of linear and quadratic equation, solving, 6 = tan 6

Referred Books:

* Introduction to Numerical Analysis, S.S. Sastry, 5th Edn., 2012, PHI Learning Pvt. Ltd.

* Numerical Methods, Arun Kr Jalan, Utpal Sarkar, University Press

* Python Programming, Satyanarayana, Radhika Mani, Jagdesh, University Press

* Schaum's Outline of Programming with C++. J. Hubbard, 2000, McGraw-Hill Pub.

* Numerical Recipes in C: The Art of Scientific Computing, W.H. Pressetal, 3rd Edn. , 2007,
Cambridge University Press.

* A first course in Numerical Methods, U.M. Ascher & C. Greif, 2012, PHI Learning.

* Elementary Numerical Analysis, K.E. Atkinson, 3rd Edn. , 2007, Wiley India Edition.

* Numerical Methods for Scientists & Engineers, R.W. Hamming, 1973, Courier Dover Pub.
* An Introduction to computational Physics, T.Pang, 2nd Edn. , 2006, Cambridge Univ. Press.

MULTIDISCIPLINARY COURSE

PHY-MU-T-2: PHYSICS IN EVERYDAY LIFE

Theory: (3 Credits) No. of Lectures — 45
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Marks: (Semester End - 35, Internal Assessment - 10)
Internal Assessment [Class Attendance (Theory) - 05, Theory (Class Test/ Assignment/
Tutorial) - 05]
Course Description: This course aims to introduce the fundamental principles of physics and
explore their applications in various aspects of everyday life. Students will develop an
understanding of the physical laws governing the world around us and how they manifest in

common phenomena and technologies by a qualitative approach.
Course Objectives:

e To provide an overview of key physics concepts and principles.

e To demonstrate the relevance of physics in everyday life.

e To develop critical thinking skills in analysing and explaining real-world phenomena using
physics principles.

e To foster an appreciation for the scientific method and the role of physics in advancing

society.

Introduction to Physics: Overview of Physics and its role in understanding the natural world.

Scientific method and experimental design. Units and measurements. (6 Lectures)

Mechanics and Motion: Newton's laws of motion and their applications, Projectile motion,

Forces in equilibrium, Friction and its effects, Physics of transportation and motion. (6 Lectures)

Energy and Its Transformations: Conservation of energy, Work and power, Potential and
kinetic energy, Energy transfers and transformations, Physics in sports and recreational

activities. (6 Lectures)

Waves and Sound: Properties of waves, Sound waves and their characteristics, Pitch, loudness,
and the Doppler effect, Sound production and perception, Physics of music and musical

instruments. (6 Lectures)

Light and Optics: Electromagnetic spectrum, Reflection, refraction, and diffraction, Lenses and

optical instruments, Vision and the human eye. (6 Lectures)

Electricity and Magnetism: Electric charge and electric fields, Electric circuits and Ohm's law,

Magnetism and magnetic fields, Electromagnetic induction. (6 Lectures)

Modern Physics: Atomic structure and quantum theory, Particle physics and the Standard
Model. Nuclear physics and radioactivity, Applications of modern physics in technology. (9

Lectures)

(All the above topics will be taught in qualitative approach and with examples as much as possible)
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Reference Books:

e Mechanics Berkeley Physics, v.1: Charles Kittel, et. al. 2007, Tata McGraw-Hill.

e Physics - Resnick, Halliday & Walker 9/e, 2010, Wiley

e Undergraduate Physics Companion (Vol-1), Dr. S. Pal, 1st edition, Suhrid Book Stall,
Kolkata.

e Classical Mechanics and Properties of Matter, Gupta, Books and Allied (P) Ltd.

e Principles of Acoustics, Ghosh, Shreedhar Publisher.

e Snatak Padartha Bigyan (Part -1 & 2), Dasgupta, Book Syndicate

e Concepts of Modern Physics, Arthur Beiser, 2002, McGraw-Hill.

e Introduction to Modern Physics, Rich Meyer, Kennard, Coop, 2002, Tata McGraw Hill

e Physics for scientists and Engineers with Modern Physics, Jewett and Serway, 2010,
Cengage Learning.

o AT RGBT FARIH, TRAT: SPNS NG, A GFdo!, WGy AFH

Additional Books for Reference:

e Modern Atomic and Nuclear Physics, A. B. Gupta, Books & Allied Ltd; 2nd Revised edn.
e A Text Book On Light By B.Ghosh & K.G Mazumdar, Sreedhar Publishers

e Atomic Physics, Ghoshal, S. Chand

e Nuclear Physics, Ghoshal, S. Chand

SKILL ENHANCEMENT COURSES

PHY-SEC-T-2: BASIC INSTRUMENTATION SKILLS
(Theory + Lab): (3 Credits) No. of Lectures — 45)

Marks: (Semester End - 35, Internal Assessment - 10)

Internal Assessment [(Class Test/ Assignment/ quiz etc) - 10]

The aim of this course is to course is to get exposure with various aspects of instruments and their
usage through hands-on mode. Experiments listed below are to be done in continuation of the

topics.

Basic of Measurement: Instruments accuracy, precision, sensitivity, resolution range etc.
Errors in measurements and loading effects. Multimeter: Principles of measurement of dc
voltage and dc current, ac voltage, ac current and resistance. Specifications of a multimeter and

their significance. (6 Lectures)

Electronic Voltmeter: Advantage over conventional multimeter for voltage measurement with

respect to input impedance and sensitivity. Principles of voltage, measurement (block diagram

only). Specifications of an electronic Voltmeter/ Multimeter and their significance. AC

millivoltmeter: Type of AC millivoltmeters: Amplifier- rectifier, and rectifier- amplifier. Block
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diagram ac millivoltmeter, specifications and their significance. (6 Lectures)

Cathode Ray Oscilloscope: Block diagram of basic CRO. Construction of CRT, Electron gun,
electrostatic focusing and acceleration (Explanation only- no mathematical treatment), brief
discussion on screen phosphor, visual persistence & chemical composition. Time base
operation, synchronization. Front panel controls. Specifications of a CRO and their significance.
(9 Lectures)

Use of CRO for the measurement of voltage (dc and ac frequency, time period. Specialfeatures of
dual trace, introduction to digital oscilloscope, probes. Digital storage Oscilloscope: Block

diagram and working principles. (5 Lectures)

Signal Generators and Analysis Instruments: Block diagram, explanation and specificationsof
low frequency signal generators. pulse generator, and function generator. Brief idea for testing,

specifications. Distortion factor meter, wave analysis. (5 Lectures)

Impedance Bridges & Q-Meters: Block diagram of bridge. working principles of basic
(balancing type) RLC bridge. Specifications of RLC bridge. Block diagram & workingprinciples
of a Q- Meter. Digital L C R bridges. (5 Lectures)

Digital Instruments: Principle and working of digital meters. Comparison of analog & digital
instruments. Characteristics of a digital meter. Working principles of digital voltmeter. (4

Lectures)

Digital Multimeter: Block diagram and working of a digital multimeter. Working principle of
time interval, frequency and period measurement using universal counter/ frequency counter,

time- base stability, accuracy and resolution. (5 Lectures)

The test of lab skills will be of the following test items:

—

. Use of an oscilloscope.

. CRO as a versatile measuring device.

. Circuit tracing of Laboratory electronic equipment,

. Use of Digital multimeter /VTVM for measuring voltages
. Circuit tracing of Laboratory electronic equipment,

. Winding a coil / transformer.

. Study the layout of receiver circuit.

. Trouble shooting a circuit

O o0 N N n B~ W

. Balancing of bridges

Laboratory Exercises:
1. To observe the loading effect of a multimeter while measuring voltage across a low
resistanceand high resistance.

2. To observe the limitations of a multimeter for measuring high frequency voltage and
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currents.

3. To measure Q of a coil and its dependence on frequency, using a Q- meter.

4. Measurement of voltage, frequency, time period and phase angle using CRO.

5. Measurement of time period, frequency, average period using universal counter/ frequency
counter.

6. Measurement of rise, fall and delay times using a CRO.

7. Measurement of distortion of a RF signal generator using distortion factor meter.

8. Measurement of R, L and C using a LCR bridge/ universal bridge.

Open Ended Experiments:
1. Using a Dual Trace Oscilloscope

2. Converting the range of a given measuring instrument (voltmeter, ammeter)

Reference Books:

e A text book in Electrical Technology - B L Theraja - S Chand and Co.
e Performance and design of AC machines - M G Say ELBS Edn.

e Digital Circuits and systems, Venugopal, 2011, Tata McGraw Hill.

e Logic circuit design, Shimon P. Vingron, 2012, Springer.

e Digital Electronics, Subrata Ghoshal, 2012, Cengage Learning.

e Electronic Devices and circuits, S. Salivahanan& N. S.Kumar, 3rd Ed., 2012, Tata Mc-
Graw Hill

e Electronic circuits: Handbook of design and applications, U.Tietze, Ch.Schenk, 2008,
Springer
e Electronic Devices, 7/e Thomas L. Floyd, 2008, Pearson India

Semester-111

MAJOR

PHY-M-T-3: ELECTRICITY AND MAGNETISM
Theory: (4 Credits) No. of Lectures — 60

Marks (Semester End - 40, Internal Assessment - 10)
Internal Assessment: 10 [Class Attendance (Theory) - 05, Class Test/ Assignment/
Tutorial - 03]

Electric Field and Electric Potential:

Electric field: Electric field lines, Electric flux, Gauss' Law with applications to charge

distributions with spherical, cylindrical and planar symmetry. (6 Lectures)
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Conservative nature of Electrostatic Field, Electrostatic Potential, Laplace's and Poisson
equations. The Uniqueness Theorem. Potential and Electric Field of a dipole. Force and Torque

on a dipole. (6 Lectures)

Electrostatic energy of system of charges. Electrostatic energy of a charged sphere. Conductors
in an electrostatic Field. Surface charge and force on a conductor. Capacitance of a system of
charged conductors. Parallel-plate capacitor. Capacitance of an isolated conductor. Uniqueness
theorem (statement) Method of Images and its application to: (1) Plane Infinite Sheet and (2)

Sphere. (10 Lectures).
Dielectric Properties of Matter:

Electric Field in matter. Polarization, Polarization Charges. Electrical Susceptibility and
Dielectric Constant. Capacitor (parallel plate, spherical, cylindrical) filled with dielectric.

Displacement vector D. Relations Between E, P and D. Gauss' Law in dielectrics. (8 Lectures).

Magnetic Field:

Magnetic force between current elements and definition of Magnetic Field B. Biot-Savart's Law
and its simple applications: straight wire and circular loop. Current Loop as a Magnetic Dipole
and its Dipole Moment (Analogy with Electric Dipole).

Ampere's Circuital Law and its application to (1) infinite straight wire, (2) infinite planar surface
current (3) Solenoid and (4) Toroid.

Properties of B: curl and divergence. Vector Potential. Magnetic Force on (1) point charge (2)
current carrying wire (3) between current elements. Torque on a current loop in a uniform

Magnetic Field. (9 Lectures)
Magnetic Properties of Matter:

Magnetization vector (M). Magnetic Intensity(H). Magnetic Susceptibility and permeability.

Relation between B, H, M. B-H curve and hysteresis. (3 Lectures)

Electromagnetic Induction
Faraday's Law. Lenz's Law. Self-Inductance and Mutual Inductance. Reciprocity Theorem.

Energy stored in a Magnetic Field. (5 Lectures)
Transients:

Growth and decay of currents and voltages in L-R, C-R and L-C-R circuits; electrical oscillations

in L-C circuits. (2 Lectures)
Electrical Circuits:

AC Circuits: Kirchhoffs laws for AC circuits. Complex Reactance and Impedance. Series LCR
Circuit: (1) Resonance, (2) Power Dissipation and (3) Quality Factor, and (4) Band Width. Parallel
LCR Circuit. (4 Lectures)

Network theorems:
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Ideal Constant — voltage and Constant — current Sources. Network Theorems: The venin
theorem, Norton theorem, Superposition theorem, Reciprocity theorem, Maximum Power

Transfer theorem. Applications to dc circuits. (4 Lectures)
Ballistic Galvanometer:

Torque on a current Loop. Ballistic Galvanometer: Current and Charge Sensitivity.

Electromagnetic damping. Logarithmic damping. CDR. (3 Lectures)

Reference Books:

* Electricity, Magnetism & Electromagnetic Theory, S. Mahajan and Choudhury, 2012, Tata
McGraw.

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

* Feynman Lectures Vol. 2, R.P. Feynman, R.B. Leighton, M. Sands, 2008, Pearson Education
» Electricity and Magnetism, J. H. Fewkes & J. Yarwood. Vol. I, 1991, Oxford Univ. Press.

* Electricity and Magnetism, E. M. Purcell, 1986, McGraw-Hill Education.

* Elements of Electromagnetics, M. N. O. Sadiku,2010, Oxford University Press.

PHY-M-P-3: ELECTRICITY AND MAGNETISM
Practical - (2 Credits) No. of Classes- 60
Marks: Semester End - 20 (Lab. Note Book - 05, Viva-Voce-05, Experiment -10)

Internal Assessment - 05 (Sessional Viva-voce)

List of Experiments (Minimum 5 has to be carried out in the semester)

1. Use a Multimeter for measuring (a) Resistances, (b) A C and DC Voltages, (c) DC Current,
(d) Capacitances and (e) Checking electrical fuses.

To study the characteristics of a series (a) RC Circuit.

To determine an unknown Low Resistance using Potentiometer.

To determine an unknown Low Resistance using Carey Foster's Bridge.

To compare capacitances using De'Sauty's bridge.

Measurement of field strength Bandits variation in a solenoid (determined B/dx).

To verify the Thevenin and Norton theorems.

To verify the Super position, and Maximum power transfer theorems.

e U - R

To determine self-inductance of a coil by Anderson's bridge.

10.To study response curve of a Series LCR circuit and determine its (a) Resonant frequency,
(b) Impedance at resonance, (c) Quality factor Q, and (d) Bandwidth.

11.To study the response curve of a parallel LCR circuit and determine its (a) Anti-resonant
frequency and (b) Quality factor Q.

12.Measurement of charge and current sensitivity and CDR of Ballistic Galvanometer.

13.Determine a high resistance by leakage method using Ballistic Galvanometer.

14.To determine self-inductance of a coil by Rayleigh's method.
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15.To determine the mutual inductance of two coils by Absolute method.
16.To study the characteristics of a series LR Circuit.
17.Measurement of the resistance of a mirror galvanometer by the half deflection method

and to determine its figure of merit.

Reference Books:

e Practical Physics Voll, Vol2, B. Gosh, K. G. Majumder, Sreedhar Publisher

e Advanced Practical Physics for students, B. L. Flint and H. T. Worsnop, 1971, Asia
Publishing House

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

e Advanced level Physics Practicals, Michael Nelson and Jon M. Ogbom, 4th Edition,
reprinted 1985, Heinemann Educational Publishers

e A Laboratory Manual of Physics for undergraduate classes, D. P. Khandelwal, 1985,
Vani Pub.

e Engineering Practical Physics, S. Panigrahi and B. Mallick, 2015, Cengage Learning.

MULTIDISCIPLINARY COURSE

PHY-MU-T-3: PHYSICS IN EVERYDAY LIFE
Theory: (3 Credits) No. of Lectures — 45

Marks: (Semester End - 35, Internal Assessment - 10)

Internal Assessment [Class Attendance (Theory) - 05, Theory (Class Test/ Assignment/
Tutorial) - 05]

Course Description: This course aims to introduce the fundamental principles of physics and

explore their applications in various aspects of everyday life. Students will develop an

understanding of the physical laws governing the world around us and how they manifest in

common phenomena and technologies by a qualitative approach.
Course Objectives:

e To provide an overview of key physics concepts and principles.

e To demonstrate the relevance of physics in everyday life.

e To develop critical thinking skills in analysing and explaining real-world phenomena using

physics principles.

e To foster an appreciation for the scientific method and the role of physics in advancing

society.

Introduction to Physics: Overview of Physics and its role in understanding the natural world.

Scientific method and experimental design. Units and measurements. (6 Lectures)
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Mechanics and Motion: Newton's laws of motion and their applications, Projectile motion,

Forces in equilibrium, Friction and its effects, Physics of transportation and motion. (6 Lectures)

Energy and Its Transformations: Conservation of energy, Work and power, Potential and
kinetic energy, Energy transfers and transformations, Physics in sports and recreational

activities. (6 Lectures)

Waves and Sound: Properties of waves, Sound waves and their characteristics, Pitch, loudness,
and the Doppler effect, Sound production and perception, Physics of music and musical

instruments. (6 Lectures)

Light and Optics: Electromagnetic spectrum, Reflection, refraction, and diffraction, Lenses and

optical instruments, Vision and the human eye. (6 Lectures)

Electricity and Magnetism: Electric charge and electric fields, Electric circuits and Ohm's law,

Magnetism and magnetic fields, Electromagnetic induction. (6 Lectures)

Modern Physics: Atomic structure and quantum theory, Particle physics and the Standard
Model. Nuclear physics and radioactivity, Applications of modern physics in technology. (9

Lectures)

(All the above topics will be taught in qualitative approach and with examples as much as possible)

Reference Books:

e Mechanics Berkeley Physics, v.1: Charles Kittel, et. al. 2007, Tata McGraw-Hill.

e Physics - Resnick, Halliday & Walker 9/e, 2010, Wiley

e Undergraduate Physics Companion (Vol-1), Dr. S. Pal, 1st edition, Suhrid Book Stall,
Kolkata.

e Classical Mechanics and Properties of Matter, Gupta, Books and Allied (P) Ltd.

e Principles of Acoustics, Ghosh, Shreedhar Publisher.

e Snatak Padartha Bigyan (Part -1 & 2), Dasgupta, Book Syndicate

e Concepts of Modern Physics, Arthur Beiser, 2002, McGraw-Hill.

e Introduction to Modern Physics, Rich Meyer, Kennard, Coop, 2002, Tata McGraw Hill

e Physics for scientists and Engineers with Modern Physics, Jewett and Serway, 2010,
Cengage Learning.

o AT RGBT FARIH, TRAT: SPNS NG, GAS GFdo!, W5y AFH

Additional Books for Reference:

e Modern Atomic and Nuclear Physics, A. B. Gupta, Books & Allied Ltd; 2nd Revised edn.
e A Text Book On Light By B.Ghosh & K.G Mazumdar, Sreedhar Publishers

e Atomic Physics, Ghoshal, S. Chand

e Nuclear Physics, Ghoshal, S. Chand

SKILL ENHANCEMENT COURSES

PHY-SEC-T-3: RENEWABLE ENERGY & ENERGY HARVESTING
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(Theory): (3 Credits) No. of Lectures — 45)

Marks: (Semester End - 35, Internal Assessment - 10)

Internal Assessment [(Class Test/ Assignment/ quiz etc) - 10]

Fossil fuels and Alternate Sources of energy
Fossil fuels and nuclear energy, their limitations, need of renewable energy, non-conventional

energy sources. (4 Lectures)
Solar energy

Solar energy, It’s importance, storage of solar energy (Thermal storage and Electrical storage,
Mechanical storage), solar pond (Basic idea), Principle of operation of non-convective solar pond,
applications of solar pond, solar water heating, flat plate collector, solar cooker (basic idea,
Design principle and Constructional details of box type solar cooker and its limitation), solar
furnace, solar green-houses (basic idea, types and advantage), Solar Cell principle (No
mathematical treatment), application of solar photovoltaic system, advantage and disadvantage

of Photovoltaic solar energy conversion. (10 Lectures)
Wind Energy harvesting

Wind Energy harvesting; Fundamentals of Wind energy, Basic principle of wind energy
conversion, power of wind, Forces on the blades and thrust on turbine, Basic components of a
Wind Energy Conversion system, Advantage and disadvantage of Wind energy Conversion

system (7 Lectures)
Ocean Energy

Ocean thermal energy conversion (OTEC) (basic idea), Open cycle OTEC system, Closed cycle
OTEC system, Basic idea of Heat exchanger, Basic principle of tidal power, Basic idea about
components of tidal power plant, Estimate of power in simple Single basin tidal system. (7

Lectures)

Geothermal Energy
Geothermal Energy: Geothermal energy (Basic idea), Geothermal sources, Hydrothermal
resources (basic idea of vapour dominated system and liquid dominated system), Applications

of geothermal energy, advantages and disadvantages of geothermal energy. (6 Lectures)

Hydro Energy

Hydro power resources, Types of hydroelectric project (Run-of-river schemes, Storage schemes,
Pumped-Storage schemes, Low head power plant, Medium head power plant, High head power

station), environmental impact of hydropower sources. (6 Lectures)

Piezoelectric Energy harvesting

Introduction, Physics and characteristics of piezoelectric effect (No mathematical treatment),

materials used for piezoelectricity, recent applications of piezoelectric generators. (5 Lectures)
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Reference Books and resources:

e Non-conventional energy sources-G. D Rai-Khanna Publishers, New Delhi

e Solar energy-M P Agarwal-S Chand and Co. Ltd

e Solar energy-Suhas P Sukhative Tata McGraw-Hill Publishing Company Ltd.

e Godfrey Boyle, "Renewable Energy, Power for a sustainable future", 2004, Oxford
University Press, in association with The Open University.

e Dr. PJayakumar, Solar Energy: Resource Assessment Handbook, 2009

e J. Balfour, M. Shawand S. Jarosek, Photovoltaics, Lawrence J Goodrich (USA).

e https://www.yumpu.com/en/document/view/ 15174084 /module-5-nptel

e https://nptel.ac.in/courses/ 103103206

Semester-1V

MAJOR

PHY-M-T-4: WAVE OPTICS and ELECTROMAGNETIC THEORY
Theory: (4 Credits) No. of Lectures — 60

Marks (Semester End - 40, Internal Assessment — 10)
Internal Assessment: 10 [Class Attendance (Theory) - 05, Class Test/ Assignment/
Tutorial - 03]

Superposition of Two Waves

Standing (Stationary) Waves in a String: Fixed and Free Ends. Analytical Treatment. Phase and
Group Velocities. Changes with respect to Position and Time. Energy of Vibrating String.
Transfer of Energy. Normal Modes of Stretched Strings. Plucked and Struck Strings. Melde's

Experiment. Longitudinal Standing Waves and Normal Modes. (6 Lectures)
Wave Optics

Electromagnetic nature of light. Definition and properties of wave front. Huygens Principle.

Temporal and Spatial Coherence. (2 Lectures)
Interference

Division of amplitude and wave front. Young's double slit experiment. Lloyd's Mirror and
Fresnel's Biprism. Phase change on reflection: Stokes' treatment. Interference in Thin Films:
parallel and wedge-shaped films. Fringes of equal inclination (Haidinger Fringes); Fringes of
equal thickness (Fizeau Fringes). Newton's Rings: Measurement of wavelength and refractive

index. (8 Lectures)

Interferometer
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Michelson Interferometer-(1) Idea of form of fringes (No theory required), (2) Determination of
Wavelength, (3) Wavelength Difference, (4) Refractive Index, and (5) Visibility of Fringes. Fabry-

Perot interferometer. (4 Lectures)
Diffraction

Kirchhoff s Integral Theorem, Fresnel-Kirchhoff s Integral formula and its application to

rectangular slit. (4 Lectures)
Fraunhofer diffraction

Single slit. Circular aperture, Resolving Power of a telescope. Double slit. Multiple slits. Diffraction grating.
Resolving power of grating. (4 Lectures)

Fresnel Diffraction

Fresnel's Assumptions. Fresnel's Half-Period Zones for Plane Wave. Explanation of Rectilinear
Propagation of Light. Theory of a Zone Plate: Multiple Foci of a Zone Plate. Fresnel's Integral,

Fresnel diffraction pattern of a straight edge, a slit and a wire. (4 Lectures)
Maxwell Equations

Review of Maxwell's equations. Displacement Current. Vector and Scalar Potentials. Gauge
Transformations: Lorentz and Coulomb Gauge. Boundary Conditions at Interface between
Different Media. Wave Equations. Plane Waves in Dielectric Media. Poynting Theorem and
Poynting Vector. Electromagnetic (EM) Energy Density. Physical Concept of Electromagnetic
Field, Energy Density. (8 Lectures)

EM Wave Propagation in Unbounded Media

Plane EM waves through vacuum and isotropic dielectric medium, transverse nature of plane
EM waves, refractive index and dielectric constant, wave impedance. Propagation through

conducting media, relaxation time, skin depth. (6 Lectures)
EM Wave in Bounded Media

Boundary conditions at a plane interface between two media. Reflection & Refraction of plane
waves at plane interface between two dielectric media-Laws of Reflection & Refraction. Fresnel's
Formulae for perpendicular & parallel polarization cases, Brewster's law. Reflection &

Transmission coefficients. Total internal reflection, evanescent waves. (6 Lectures)

Polarization of Electromagnetic Waves

Description of Linear, Circular and Elliptical Polarization. Propagation of E.M. Waves in
Anisotropic Media. Fresnel's Formula. Uniaxial and Biaxial Crystals. Light Propagation in
Uniaxial Crystal. Double Refraction. Polarization by Double Refraction. Nicol Prism. Ordinary &
extraordinary refractive indices. Production & detection of Plane, Circularly and Elliptically
Polarized Light. Phase Retardation Plates: Quarter-Wave and Half-Wave Plates. Optical Rotation.

Biot's Laws for Rotatory Polarization. Fresnel's Theory of optical rotation. Calculation of angle
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of rotation. Experimental verification of Fresnel's theory. Specific rotation. Bi-quartz

polarimeter. (8 Lectures)

Reference Books

A Text Book on Light, B. Ghosh, K.G. Mazumder, Sreedhar Publisher.
Advanced Acoustics, D. P. Roychowdhury, Chayan Publisher

Waves: Berkeley Physics Course, vol. 3, Francis Crawford, 2007, Tata McGraw- Hill.

Fundamentals of Optics, F.A. Jenkins and H.E. White, 1981, McGraw-Hill
Optics, Ajoy Ghatak, 2008, Tata McGraw Hill

The Physics of Vibrations and Waves, H. J. Pain, 2013, John Wiley and Sons.
The Physics of Waves and Oscillations, N.K. Bajaj, 1998, Tata McGraw Hill

PHY-M-P-4: WAVE OPTICS and ELECTROMAGNETIC THEORY
Practical - (2 Credits) No. of Classes- 60

Marks: Semester End - 20 (Lab. Note Book - 05, Viva-Voce-05, Experiment -10)

Internal Assessment — 05 (Sessional Viva-voce)

List of Experiments (Minimum S has to be carried out in the semester)

1.

® N o o

9.

To determine the frequency of an electric tuning fork by Melde's experiment and verify X2

-T law.

. Familiarization with: Schuster's focusing; determination of angle of prism and to determine

refractive index of the Material of a prism using sodium source.

. To draw the deviation - wavelength of the material of a prism and to find the wavelength of

an unknown line from its deviation.

To determine wavelength of (1) Na source and (2) spectral lines of suitable source using
plane diffraction grating.

To determine the dispersive power of the material of a prism using mercury source.

To determine wavelength of sodium light using Fresnel Bi-prism.

To determine wavelength of sodium light using Newton's Rings.

To determine the thickness of a thin paper by measuring the width of the interference
fringes produced by a wedge-shaped Film.

To determine dispersive power and resolving power of a plane diffraction grating.

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

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

12.To determine the refractive index of liquid by total internal reflection using Wollaston's air-

film.

Reference Books:

B.Sc. Practical Physics, C.L. Arora, S Chand and Company Limited.
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e Advanced Practical Physics, Vol 1, B. Ghosh, K.G. Majumdar, Shreedhar Publishers.

e An Advanced Course in Practical Physics, D. Chattopadhyay, P.C. Rakshit, New Central
Book Agency (P) Ltd.

e Advanced Practical Physics for students, B.L. Flint and H.T. Worsnop, 1971, Asia
Publishing House.

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

e Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4th Edition,
reprinted 1985, Heinemann Educational Publishers.

e A Laboratory Manual of Physics for undergraduate classes, D.P.Khandelwal, 1985, Vani
Pub.

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

e FElements of Electromagnetics, M.N.O. Sadiku, 2001, Oxford University Press.

e Introduction to Electromagnetic Theory, T.L. Chow, 2006, Jones & Bartlett
Learning

e Fundamentals of Electromagnetics, M.A.W. Miah, 1982, Tata McGraw Hill
e Electromagnetic field Theory, R.S. Kshetrimayun, 2012, Cengage Learning
e FElectromagnetic Field Theory for Engineers & Physicists, G. Lehner, 2010, Springer

Additional Books for Reference

e Electromagnetic Fields & Waves, P.Lorrain & D.Corson, 1970, W.H.Freeman &
Co.

e Electromagnetics, J.A. Edminster, Schaum Series, 2006, Tata McGraw Hill.

e Electromagnetic field theory fundamentals, B. Guru and H. Hiziroglu,
2004, Cambridge University Press

PHY-M-T-5: THERMAL PHYSICS
(Credits: Theory-04, Practicals-02)

Theory: (4 Credits) No. of Lectures — 60

Marks (Semester End - 40, Internal Assessment — 10)
Internal Assessment: 10 [Class Attendance (Theory) - 05, Class Test/ Assignment/
Tutorial - 03]

Introduction to Thermodynamics

Zeroth and First Law of Thermodynamics: Extensive and intensive Thermodynamic Variables,
Thermodynamic Equilibrium, Zeroeth Law of Thermodynamics & Concept of Temperature,
Concept of Work & Heat, State Functions, First Law of Thermodynamics and its differential
form, Internal Energy, First Law & various processes, Applications of First Law: General Relation
between CP and CV, Work Done during Isothermal and Adiabatic Processes, Compressibility

and Expansion Co-efficient. (8 Lectures)

Second Law of Thermodynamics
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Reversible and Irreversible process with examples. Conversion of Work into Heat and Heat into
Work. Heat Engines. Carnot's Cycle, Carnot engine & efficiency. Refrigerator & coefficient of
performance, 2nd Law of Thermodynamics: Kelvin-Planck and Clausius Statements and their
Equivalence. Carnot's Theorem. Applications of Second Law of Thermodynamics:

Thermodynamic Scale of Temperature and its Equivalence to Perfect Gas Scale. (10 Lectures)

Entropy

Concept of Entropy, Clausius Theorem. Clausius Inequality, Second Law of Thermodynamics in
terms of Entropy. Entropy of a perfect gas. Principle of Increase of Entropy. Entropy Changes
in Reversible and Irreversible processes with examples. Entropy of the Universe. Entropy
Changes in Reversible and Irreversible Processes. Principle of Increase of Entropy. Temperature-
Entropy diagrams for Carnot's Cycle. Third Law of Thermodynamics. Unattainability of Absolute

Zero. (7 Lectures)

Thermodynamic Potentials

Extensive and Intensive Thermodynamic Variables. Thermodynamic Potentials: Internal Energy,
Enthalpy, Helmholtz Free Energy, Gibb's Free Energy. Their Definitions, Properties and
Applications. Surface Films and Variation of Surface Tension with Temperature. Magnetic Work,
Cooling due to adiabatic demagnetization, First and second order Phase Transitions with

examples, Clausius Clapeyron Equation and Ehrenfest equations. (7 Lectures)

Maxwell's Thermodynamic Relations

Derivations and applications of Maxwell's Relations, Maxwell's Relations:(1) Clausius Clapeyron
equation, (2) Values of Cp- Cv, (3) Tds Equations, (4) Joule-Kelvin coefficient for Ideal and Van
der Waal Gases, (5) Energy equations, (6) Change of Temperature during Adiabatic Process. (7

Lectures)

Kinetic Theory of Gases Distribution of Velocities

Maxwell-Boltzmann Law of Distribution of Velocities in an Ideal Gas and its Experimental
Verification. Doppler Broadening of Spectral Lines and Stern's Experiment. Mean, RMS and
Most Probable Speeds. Degrees of Freedom. Law of Equipartition of Energy (No proof required).

Specific heats of Gases. (7 Lectures)

Molecular Collisions

Mean Free Path. Collision Probability. Estimates of Mean Free Path. Transport Phenomenon in
Ideal Gases: (1) Viscosity, (2) Thermal Conductivity and (3) Diffusion. Brownian Motion and its

Significance. (4 Lectures)
Real Gases: Behaviour of Real Gases

Deviations from the Ideal Gas Equation. The Virial Equation. Andrew's Experiments on CO2

Gas. Critical Constants. Continuity of Liquid and Gaseous State. Vapour and Gas. Boyle
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Temperature. Van der Waal's Equation of State for Real Gases. Values of Critical Constants.
Law of Corresponding States. Comparison with Experimental Curves. p-V Diagrams. Joule's
Experiment. Free Adiabatic Expansion of a Perfect Gas. Joule-Thomson Porous Plug
Experiment. Joule- Thomson Effect for Real and Van der Waal Gases. Temperature of Inversion.

Joule- Thomson Cooling. (10 Lectures)

Reference Books:

e Thermal Physics, A. B. Gupta, Haripada Roy, Books & Allied Ltd

e Heat and Thermodynamics, M.W. Zemansky, Richard Dittman, 1981, McGraw- Hill.

e A Treatise on Heat, Meghnad Saha, and B.N.Srivastava, 1958, Indian Press

e Thermal Physics, S. Garg, R. Bansal and Ghosh, 2nd Edition, 1993, Tata McGraw- Hill

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

e Thermodynamics, Kinetic Theory & Statistical Thermodynamics, Sears & Salinger. 1988,
Narosa.

e Concepts in Thermal Physics, Blundell and Blundell, 2nd Ed., 2012, Oxford University
Press.

PHY-M-P-5: THERMAL PHYSICS

Practical - (2 Credits) No. of Classes- 60
Marks: Semester End - 20 (Lab. Note Book - 05, Viva-Voce-05, Experiment -10)

Internal Assessment - 05 (Sessional Viva-voce)

List of Experiments (Minimum S has to be carried out in the semester)

1. To determine Mechanical Equivalent of Heat, J, by Callender and Barne's constant flow
method.

2. To determine the Coefficient of Thermal Conductivity of Cu by Searle's Apparatus.

3. To determine the Coefficient of Thermal Conductivity of Cu by Angstrom's Method.

4. To determine the Coefficient of Thermal Conductivity of a bad conductor by Lee and
Charlton's disc method.

5. To determine the Temperature Coefficient of Resistance by Platinum Resistance
Thermometer (PRT).

6. To study the variation of Thermo-Emf of a Thermocouple with Difference of Temperature of
its Two Junctions.

7. To calibrate a thermocouple to measure temperature in a specified Range using (1) Null
Method,

8. Direct measurement using Op-Amp difference amplifier and to determine Neutral
Temperature

9. Determination of the boiling point of a liquid by Platinum resistance thermometer

10. Determination of the melting point of a solid with a thermocouple.

11. Measurement of the coefficient of linear expansion of a solid using an optical lever.
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Reference Books

e Advanced Practical Physics for students, B. L. Flint and H.T. Workshop, 1971, Asia
Publishing House

e Advanced Practical Physics, Vol 1, B. Ghosh, K. G. Majumder, Sreedhar Publication

e An Advanced Course in Practical Physics, D. Chattopadhyay, P.C. Rakshit, New Central
Book Agency (P) Ltd

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

e Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4th Edition,
reprinted 1985, Heinemann Educational Publishers

e A Laboratory Manual of Physics for undergraduate classes, D.P.Khandelwal,1985, Vani
Pub.

MINOR

PHY- MI-T-4: ELECTRICITY AND MAGNETISM
Theory: (3 Credits) No. of Classes - 45

Marks (Semester End - 30, Internal Assessment — 05)

The emphasis of course is on applications in solving problems of interest to physicists. The

students are to be examined entirely on the basis of problems, seen and unseen.

Electrostatics

Electrostatic Field, electric flux, Gauss's theorem of electrostatics. Applications of Gauss
theorem-Electric field due to point charge, infinite line of charge, uniformly charged spherical
shell and solid sphere, plane charged sheet, charged conductor. (8 Lectures)

Electric potential as line integral of electric field, potential due to appoint charge, electric dipole,
uniformly charged spherical shell and solid sphere. Calculation of electric field from potential.

(6 Lectures)

Capacitance of an isolated spherical conductor. Parallel plate, spherical and cylindrical
condenser. Energy per unit volume in electrostatic field. Dielectric medium, Polarisation,
Displacement vector. Gauss's theorem in dielectrics. Parallel plate capacitor completely filled

with dielectric. (8 Lectures)
Magnetism

Magnetostatics: Biot-Savart's law and its applications-straight conductor, circular coil, solenoid
carrying current. Divergence and curl of magnetic field. Magnetic vector potential. Ampere's
circuital law. Magnetic properties of materials: Magnetic intensity, magnetic induction,
permeability, magnetic susceptibility. Brief introduction of dia, para, and ferromagnetic

materials. (10 Lectures)
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Electromagnetic Induction
Faraday's Law of electromagnetic induction. Lenz's Law. Self-Inductance and Mutual
Inductance. Inductance of single coil, Mutual Inductance of two coils. Energy stored in magnetic

field. (6 Lectures)

Maxwell's equations and Electromagnetic wave propagation

Equation of continuity of current, Displacement current, Maxwell's equations, Pointing vector,
energy density in electromagnetic field, electromagnetic wave propagation through vacuum and

isotropic dielectric medium, transverse nature of EM waves, polarization. (7 Lectures)

Reference Books

* Electricity, Magnetism & Electromagnetic Theory, S. Mahajan and Choudhury, 2012, Tata
McGraw.

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

* Feynman Lectures Vol. 2, R.P. Feynman, R.B. Leighton, M. Sands, 2008, Pearson Education
* Electricity and Magnetism, J. H. Fewkes & J. Yarwood. Vol. I, 1991, Oxford Univ. Press.

* Electricity and Magnetism, E. M. Purcell, 1986, McGraw-Hill Education.

* Elements of Electromagnetics, M. N. O. Sadiku,2010, Oxford University Press.

PHY-MI-P-4: ELECTRICITY AND MAGNETISM
Practical - (1 Credits) No. of Classes- 30

Marks: (Semester End - 10, Internal Assessment — 05)

List of Experiments (Minimum S has to be carried out in the semester)

1. To use a Multimeter for measuring (a) Resistances, (b) AC and DC Voltages, (c) DC Current,
and (d) checking electrical fuses.

2. Ballistic Galvanometen (i) Measurement of charge and current sensitivity, (ii) Measurement
of CDR, (iii) Determine a high resistance by Leakage Method, (iv) To determine Self Inductance
of a Coil by Rayleigh's Method.

3.To compare capacitances using De'Sauty's bridge.

4 Measurement of field strength Bandits variation in a Solenoid (Determined B/dx)

5.To study the Characteristics of a Series RC Circuit.

6.To study a series LCR circuit LCR circuit and determine its (a) Resonant frequency, (b)
Quality factor

7. To study a parallel LCR circuit and determine its (a) Anti-resonant frequency and (b) Quality
factor Q

8.To determine a Low Resistance by Carey Foster's Bridge.

9.To verify the Thevenin and Norton theorems

10.To verify the Superposition, and Maximum Power Transfer Theorems

11.Verification of Ohm’s law with a tangent galvanometer.
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12.Determination of the end corrections of a metre bridge and to measure the value of an

unknown resistance incorporating end corrections.

Reference Books

e Practical Physics Voll, Viol2, B. Ghosh, K.G. Majumder, Sreedhar Publisher

e Advanced Practical Physics for students, B. L. Flint and H. T. Workshop, 1971, Asia
Publishing House

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

e Advanced level Physics Practicals, Michael Nelson and Jon M. Ogbom, 4th Edition, reprinted
1985, Heinemann Educational Publishers

e A Laboratory Manual of Physics for undergraduate classes, D. P. Khandelwal,1985, Vani
Pub.

Semester-V
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MAJOR

PHY-M-T-6: CLASSICAL and STATISTICAL MECHANICS
Theory: (4 Credits) No. of Lectures — 60

Marks (Semester End - 40, Internal Assessment - 10)
Internal Assessment: 10 [Class Attendance (Theory) - 05, Class Test/ Assignment/
Tutorial - 03]

Classical Mechanics of Point Particles:

Basic ideas of functionals. Extremization of action as a fundamental principle in mechanics,
Generalised coordinates and velocities. D’Alembert’s Principle, Hamilton's Principle, Lagrangian
and Euler-Lagrange equations. Applications to simple systems such as coupled oscillators,
harmonic oscillators, simple and spherical pendulums. Motion under Central force, Cyclic
coordinates. Symmetries and conservation laws. Legendre transformations and the Hamiltonian
formulation of mechanics. Poisson brackets, Canonical equations of motion. Applications to

simple systems. (24 Lectures)
Classical Statistics:

Macrostate & Microstate, Elementary Concept of Ensemble, Phase Space, Entropy and
Thermodynamic Probability, Maxwell-Boltzmann Distribution Law, Partition Function,
Thermodynamic Functions of an Ideal Gas, Classical Entropy Expression, Gibbs Paradox,
Sackur Tetrode equation, Law of Equipartition of Energy (with proof) - Applications to Specific
Heat and its Limitations, Thermodynamic Functions of a Two-Energy Levels System, Negative

Temperature. (15 Lectures)
Theory of Radiation:

Properties of Thermal Radiation. Blackbody Radiation. Spectral Distribution of Black Body
Radiation. Ultraviolet Catastrophe, Planck's Law of Blackbody Radiation: Experimental
Verification. Deduction of Wien's Distribution Law, Wien's Displacement law from Planck's law.
Rayleigh-Jeans Law, Stefan-Boltzmann Law, Kirchhoff's law of radiation, Saha's Ionization

Formula (8 Lectures)

Bose-Einstein Statistics:
B-E distribution law, Thermodynamic functions of a strongly Degenerate Bose Gas, Bose
Einstein condensation, properties of liquid He (qualitative description), Radiation as a photon

gas and Thermodynamic functions of photon gas. Bose derivation of Planck's law. (7 Lectures)

Fermi-Dirac Statistics:
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Fermi-Dirac Distribution Law, Thermodynamic functions of a Completely and strongly
Degenerate Fermi Gas, Fermi Energy, Electron gas in a Metal, Specific Heat of Metals,

Relativistic Fermi gas, White Dwarf Stars, Chandrasekhar Mass Limit. (6 Lectures)

PHY-M-P-6: CLASSICAL and STATISTICAL MECHANICS

Practical - (2 Credits) No. of Classes- 60
Marks: Semester End - 20 (Lab. Note Book - 05, Viva-Voce-05, Experiment -10)

Internal Assessment - 05 (Sessional Viva-voce)

List of Experiments (Minimum 5 have to be carried out in the semester)

Use C/C++/Scilab/Fortran/Python/MATLAB for solving the problems based on Statistical
Mechanics, like

1. Simulation of motion of a particle in 1D under a given force F (x, t, v) with given initial

condition and plotting (x, 9, (x, v), (¢ v).

2. Study of simple pendulum (x -t, v -t, x -v plot) using video analysis and modelling tool (Tracker

software).

3. Plot Maxwell-Boltzmann distribution function versus temperature.
4. Write a program to flip a coin n times and count heads and tails.
5. Write a program to roll a dice and display the number.

6. Plot Planck's law for Black Body radiation and compare it with Wien's Law and the Rayleigh-

Jeans Law at high temperature (room temperature) and low temperature.

7. Plot Specific Heat of Solids by comparing (a) Dulong-Petit law, (b) Einstein distribution
function, (c) Debye distribution function for high temperature (room temperature) and low

temperature and compare them for these two cases
8. Plot Fermi-Dirac distribution function versus temperature.

9. Plot Bose-Einstein distribution function versus temperature.

PHY-M-T-7: QUANTUM MECHANICS
Theory: (4 Credits) No. of Lectures — 60
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Marks (Semester End - 40, Internal Assessment — 10)
Internal Assessment: 10 [Class Attendance (Theory) - 05, Class Test/ Assignment/
Tutorial - 03]

Description of Wave Function:

Description of a particle using wave packets. Spread of the Gaussian wave-packet for a
free particle in one dimension. Properties of Wave Function, Continuity of wave function,
boundary condition and emergence of discrete energy levels, Eigenvalues and
Eigenfunctions. Fourier transforms, position and momentum space wavefunction.

Position-Momentum uncertainty. (8 Lectures)

Time-dependent Schrodinger equation and Operators:

Time-dependent Schrodinger equation and dynamical evolution of a quantum state;
Linearity and Superposition Principles; Position, momentum and Energy operators;
commutator of position and momentum operators; Hermitian Operators, Expectation

values of position and momentum operators. (7 Lectures)

Time-independent Schrodinger equation, Hamiltonian, and bound states in an arbitrary

potential:

Time-independent Schrodinger equation and Hamiltonian operator: stationary states
and energy eigenvalues and eigenfunctions of Hamiltonian operator; expansion of an
arbitrary wavefunction as a linear combination of energy eigenfunctions; general
solution of the time-dependent Schrodinger equation in terms of linear combinations of
stationary states; Application to one dimensional square well potential of finite depth.

(7 Lectures)

Eigenvalues and eigenfunctions of the simple harmonic oscillator:

Setting up the eigenvalue equation for the Hamiltonian. Energy levels and energy
eigenfunctions in terms of Hermite polynomials (Solution to Hermite differential
equation may be assumed). Ground state, zero-point energy & uncertainty principle.

(5 Lectures)

Quantum theory of hydrogen-like atoms:

Reduction of a two-body problem to a one-body problem. The time-independent
Schrodinger equation for a particle moving under a central force, the time-independent

Schrodinger equation in spherical polar coordinates. Separation of variables for a
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second-order partial differential equation. Radial equation for attractive Coulomb
interaction - Hydrogen atom. Spherical Harmonics (Solution to Legendre differential
equation). Shapes of the probability densities for ground & first excited states. Orbital

angular momentum quantum numbers 1 and m; s, p, d shells. (7 Lectures)

Spectra of Hydrogen atom and its fine structure :
Formula for first order nondegenerate perturbative correction to the eigenvalue statement only.
Spin-orbit interaction and relativistic correction to the kinetic energy and Darwin term. Fine

structure of the hydrogen atom spectrum (Qualitative Discussion only). (5 Lectures)

Generalized Angular Momenta and Spin:

Generalized angular momentum. Electron’s magnetic Moment and Spin Angular Momentum.
J =L + S. Gyromagnetic Ratio, Bohr Magneton, and the Landé g factor. Energy associated with

a magnetic dipole placed in a magnetic field. Larmor’s Theorem. (7 Lectures)

Atoms in External Magnetic & Magnetic Fields:

Zeeman Effect: Normal and Anomalous Zeeman Effect; Stern-Gerlach Experiment; Paschen-

Back and Stark Effect (Qualitative Discussion only). (6 Lectures)

Many electron atoms:

Identical particles; Symmetric & Antisymmetric Wave Functions. Pauli’s Exclusion Principle,
Periodic table. Fine structure. Spin-orbit coupling in atoms- L-S and J-J couplings; Spectral
Notations for Atomic States. Term symbols. Spectra of Alkali Atoms (Na, etc.).

(8 Lectures)

PHY-M-P-6: QUANTUM MECHANICS
Practical - (2 Credits) No. of Classes- 60
Marks: Semester End - 20 (Lab. Note Book - 05, Viva-Voce-05, Experiment -10)
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Internal Assessment - 05 (Sessional Viva-voce)

List of Experiments (Minimum S have to be carried out in the semester)

Use Fortran/Python/MATLAB/Octave/ C/C++/Scilab for solving the following problems
based on Quantum Mechanics, like

1. Solve the s-wave Schrodinger equation for the ground state and the first excited state of the

dzy 2

hydrogen atom: i (E V(r))y , where V(r)=-e2/r

Here, m is the reduced mass of the electron. Obtain the energy eigenvalues and plot the
corresponding wavefunctions. Remember that the ground state energy of the hydrogen atom is

<< -13.6 eV. Take e = 3.795 (eVA)!/2, he = 1973 (eVA) and m = 0.511 x 106 eV/c2.

2. Solve the s-wave radial Schrodinger equation for an atom:
where m is the reduced mass of the system (which can be chosen to be the mass of an electron),

for the screened coulomb potential

: 2
Z’l g} = 2m — (E-V(r))y, where V(r)= _7 e

Find the energy (in eV) of the ground state of the atom to an accuracy of three significant digits.

Also, plot the corresponding wavefunction. Take e = 3.795 (eVA)!/2, m = 0.511 x 106eV/c2, and
a=3A,5A,7A. In these units he = 1973 (eVA). The ground state energy is expected to be

above -12 eV in all three cases.

3. Solve the s-wave radial Schrodinger equation for a particle of mass m: d2y

2
Z, f -2 (E V(r))y , where V(r) —Ekr + ; kr?

Convert to dimensionless variables. Plot the Ground and first exited state wave functions.

4. Solve the s-wave radial Schrodinger equation for the vibration of hydrogen molecule:

2
‘;;V _2m =(E-V(r))y, where V(r)=D(e* —e™), r'=(r—1,)/r

Find the lowest vibrational energy (in MeV) of the molecule to an accuracy of three significant

digits. Also, plot the corresponding wave function. Take m =940x106 eV/c, D=0.755501 eV, «
=1.44, ro= 0.131349A
Laboratory based experiments:

S. Study of Electron spin resonance- determine magnetic field as a function of the resonance
frequency.

6. Study of Zeeman effect: with external magnetic field; Hyperfine splitting.
7. To show the tunneling effect in tunnel diode using I-V characteristics.
8. Quantum efficiency of CCD’s.

Reference Books:

e Schaum's outline of Programming with C++. J.Hubbard, 2 0 0 0, McGraw-Hill Publication
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¢ Numerical Recipes in C: The Art of Scientific Computing, W.H. Pressetal., 3 rd Edn.,

2007, Cambridge University Press.

¢ An introduction to computational Physics, T.Pang, 2nd Edn.,2006, Cambridge Univ. Press
¢ Simulation of ODE/PDE Models with MATLAB®, OCTAVE and SCILAB: Scientific &
Engineering Applications: A. Vande Wouwer, P. Saucez, C. V. Fernandez.2014 Springer.

e Scilab (A Free Software to Matlab): H. Ramchandran, A.S. Nair. 2011 S. Chand & Co.

e Scilab Image Processing: L.M.Surhone.2010 Betascript Publishing ISBN:978- 6133459274

MINOR

PHY- MI-T-5: THERMAL PHYSICS
Theory: (3 Credits) No. of Classes - 45

Marks (Semester End - 30, Internal Assessment — 05)

The emphasis, of course, is on applications in solving problems of interest to physicists. The

Students are to be examined entirely on the basis of problems, seen and unseen.

Laws of Thermodynamics:

Thermodynamic Description of the system: Zeroth Law of thermodynamics and temperature.
First law and internal energy, conversion of heat into work, Various Thermodynamical
Processes, Applications of First Law: General Relation between Cp and Cv, Work Done during
Isothermal and Adiabatic Processes, Compressibility and Expansion Coefficient, Reversible and
irreversible processes, Second law and Entropy, Carnot's cycle & theorem, Entropy changes in
reversible & irreversible processes, Entropy temperature diagrams, Third law of

thermodynamics, Unattainability of absolute zero. (15 Lectures)

Thermodynamical Potentials:
Enthalpy, Gibbs, Helmholtz and Internal Energy functions, Maxwell's relations and applications
- Joule-Thompson Effect, Clausius-Clapeyron Equation, Expression for (Cp - Cy), Cp/Cy, TdS

equations. (8 Lectures)

Kinetic Theory of Gases:

Derivation of Maxwell's law of distribution of velocities and its experimental verification, Mean
free path (Zeroth Order), Transport Phenomena: Viscosity, Conduction and Diffusion (for vertical
case), Law of equipartition of energy (no derivation) and its applications to specific heat of gases;

mono-atomic and diatomic gases. (7 Lectures)

Theory of Radiation:
Blackbody radiation, Spectral distribution, Concept of Energy density, Derivation of Planck's
law, Deduction of Wien's distribution law, Rayleigh-Jeans Law, Stefan Boltzmann Law and

Wien's displacement law from Planck's law. (7 Lectures)
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Statistical Mechanics:
Maxwell-Boltzmann law - distribution of velocity — Quantum statistics -Phase space - Fermi-
Dirac distribution law - electron gas - Bose-Einstein distribution law - photon gas - comparison

of three statistics (8 Lectures)

PHY-MI-P-4: THERMAL PHYSICS
Practical - (1 Credits) No. of Classes- 30

Marks: (Semester End - 10, Internal Assessment - 05)

List of Experiments (Minimum S have to be carried out in the semester)

1. To determine Mechanical Equivalent of Heat, J, by Callender and Barne's
constant flow method.

2. Measurement of Planck's constant using black body radiation.

3. To determine Stefan's Constant.

4. To determine the coefficient of thermal conductivity of Cu by Searle's Apparatus.
S. To determine the Coefficient of Thermal Conductivity of Cu by Angstrom's Method.
6. To determine the coefficient of thermal conductivity of a bad conductor by Lee

and Charlton's disc method.

7. To determine the temperature coefficient of resistance by Platinum resistance
thermometer.

8. To study the variation of thermo e.m.f across two junctions of a thermocouple with
temperature.

9. To record and analyze the cooling temperature of a hot object as a function of time
using a thermocouple and suitable data acquisition system

10. To calibrate Resistance Temperature Device (RTD) using Null Method/Off-Balance
Bridge.

Reference Books:

» Advanced Practical Physics for students, B.L.Flint & H.T.Worsnop, 1971, Asia
Publishing House.

* A Text Book of Practical Physics, Indu Prakash and Ramakrishna, 11th Edition,
2011, Kitab Mahal, New Delhi.
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* A Laboratory Manual of Physics for Undergraduate Classes, D.P.Khandelwal, 1985, Vani
Publication.
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