
COURSE HANDOUTS 
B.Sc (Honours) Courses in Physics 
Semester I, III and V, 2021-2022 



Mathematical Physics – I (PHSACOR01T, PHSACOR01P)
1st semester, 2021-2022

About the Course 
• Name of the Course : Mathematical Physics - I 
• Nature of the Course : Core Course 
• Code of the course : PHSACOR01T (Theory), PHSACOR01P (Laboratory)
• Credit point  : 4 (Theory) + 2 (Laboratory) 
• Class Hours : 60 + 60 

Course description 
The aim of this freshmen level course is to introduce to the students  advanced calculus including ordinary 
differential equations, vector calculus and the theory of probability and statistics.  

Course Outcomes 
CO1 : Understanding of the elements of functional analysis like power series, exact and inexact differentials, 
constrained maximization using Lagrange multipliers.
CO2 :  Understanding of initial and boundary value problems.  Learn to solve ordinary differential equations. 
CO3 : Understanding of geometric and algebraic nature of vector calculus. Learn  differentiation and integra-
tion involving vectorial  quantities. Knowledge about curvilinear coordinates and their usefulness to exploit  
symmetries in physical systems. Develop confidence in the application of vector calculus to the problems of me-
chanics and electrodynamics. 
CO4 :  Comprehend elementary concepts of probability and statistics like Bayes theorem and the probability 
distributions. Application to  error analysis of the experimental data and statistical mechanics.  
CO5 :  Learn plotting functions and data, curve fitting and least square method using QtiPlot. Use python to 
solve simple mathematical problems.
     
Relationship to other courses  

• Assumed knowledge : Good understanding of 10+2  level mathematics
• Pre-requisite  : None 
• Follow up courses : PHSACOR05T, PHSACOR08T, PHSADSE01T, PHSADSE03T, PHSACOR05P, 

PHSACOR08P, PHSADSE01P, PHSADSE03P

Faculty  :  Purnendu Chakraborty and Priyanka Chowdhury



Course Schedule (PHSACOR01T) 

Faculty  Timetable Google Classroom Code 

Purnendu Chakraborty Monday 11:00 - 12:00 Physics Laboratory

Thursday 10:00 - 11:00 Physics Laboratory

nhoi2sz

Priyanka Chowdhury Monday 10:00 - 11:00 116

Tuesday 11:00 - 12:00 Physics Laboratory

ffdp4vi

Course Schedule (PHSACOR01P)     

Faculty  Timetable Google Classroom Code 

Purnendu Chakraborty Monday 14:00 - 16:00 Computer Laboratory

Staurday 10:00 - 12:00 Computer Laboratory

nhoi2sz



Course Outline  (PHSACOR01T)

Unit 1 - 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). Convergence condition of Taylor series and corresponding tests.
First Order and Second Order Differential equations: First Order Differential Equations and Integrating Factor.  
Homogeneous and Inhomogeneous Equations with constant coefficients, particular integral. Wronskian and 
general solution. Statement of existence and Uniqueness Theorem for Initial Value Problems. Particular Inte-
gral.
Calculus of functions of more than one variable: Partial derivatives, exact and inexact differentials. Integrat-
ing factor, with simple illustration. Constrained Maximization using Lagrange Multipliers.
Unit 2 – Vector Calculus                                                                                                                
Recapitulation of vectors: Properties of vectors under rotations. Scalar product and its invariance under rota -
tions. Vector product, Scalar triple product and their interpretation in terms of area and volume respectively. 
Scalar and Vector fields. 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 opera -
tors. Vector identities using Kronecker delta and Levi-civita symbols. 
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 proofs).
Orthogonal Curvilinear Coordinates. Derivation of Gradient,  Divergence, Curl  and Laplacian in Cartesian, 
Spherical and Cylindrical Coordinate Systems.
Unit 3 - Probability and Statistics                                                                                                  
Independent random variables: Probability distribution functions; binomial, Gaussian, and Poisson, with ex-
amples. Mean and variance.
Dependent events : Conditional Probability. Bayes Theorem.
Reference Books 

1. Mathematical Methods for Physicists, G.B. Arfken, H.J. Weber, F.E. Harris, Elsevier.
2. An introduction to ordinary differential equations, E.A. Coddington.
3. Vector Analysis, Spiegel
4. Differential Equations, George F. Simmons.
5. Mathematical Tools for Physics, James Nearing.
6. Mathematical methods for Scientists and Engineers, D.A. McQuarrie.
7. Advanced Engineering Mathematics, D.G. Zill and W.S. Wright.
8. Engineering Mathematics, S.Pal and S.C. Bhunia.
9.  Advanced Engineering Mathematics, Erwin Kreyszig.
10.  Essential Mathematical Methods, K.F.Riley & M.P.Hobson.
11.  Mathematical methods in the Physical Sciences, M. L. Boas/. 



Course Calendar (PHSACOR01T)

Purnendu Chakraborty

Unit Topic Class Hour Month

1 Calculus 20

1A Recapitulation: Limits, continuity, average and instantaneous quantities, 
differentiation. Plotting functions.

2 October

1B Intuitive ideas of continuous, differentiable, etc. functions and plotting 
of curves. Approximation: Taylor and binomial series (statements only). 
Convergence condition of Taylor series and corresponding tests.

2 October

1C First  Order  and  Second  Order  Differential  equations:  First  Order 
Differential  Equations  and  Integrating  Factor.  Homogeneous  and 
Inhomogeneous Equations with constant coefficients, particular integral. 
Wronskian and general solution. Statement of existence and Uniqueness 
Theorem for Initial Value Problems. Particular Integral.

11 November
December

1st class test 1 December

1D Calculus  of  functions  of  more  than  one  variable:  Partial  derivatives, 
exact  and  inexact  differentials.  Integrating  factor,  with  simple 
illustration. Constrained Maximization using Lagrange Multipliers.

4 December

3 Probability and Statistics 10

3A Independent  random  variables:  Probability  distribution  functions; 
binomial, Gaussian, and Poisson, with examples. Mean and variance.

5 January

3B Dependent events: Conditional Probability. Bayes Theorem. 4 January

2nd class test 1 January

Priyanka Chowdhury

Unit Topic Class Hours Month

2 Vector Calculus 30

1A 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 respec-
tively. Scalar and Vector fields.

7 October 
November

1B Vector Differentiation: Directional derivatives and normal derivative. 7 November



Gradient of a scalar field and its geometrical interpretation. Divergence 
and curl of a vector field. Del and Laplacian operators. Vector identities 
using Kronecker delta and Levi-civita symbols.

1st Class Test 1 December

1C Vector Integration: Ordinary Integrals of Vectors. Multiple integrals, Ja-
cobian. 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 ap-
plications (no rigorous proofs).

9 December 
January

1D Orthogonal Curvilinear Coordinates. Derivation of Gradient, Divergence, 
Curl and Laplacian in Cartesian, Spherical and Cylindrical Coordinate 
Systems.

5 January

2nd Class Test 1 January

Mode of evaluation 

(1) The internal evaluation of PHSACOR01T will be based on class tests and/or mid-semester examination. 
(2) Internal assessment in PHSACOR01P will be based on the number of experiments successfully performed by 
a student. 



Mechanics (PHSACOR02T, PHSACOR02P)
1st semester, 2021-2022

About the Course
➢ Name of the Course :  Mechanics
➢ Nature of the Course : Core Course
➢ Code of the Course : PHSACOR02T (Theory) and PHSACOR02P (Practical)
➢ Credit point  : 4 (Theory) + 2 (Practical)
➢ Class Hours : 60 Hours (Theory) + 60 Hours (Practical)

Course Description
This  course is  designed to get  a  fundamental  understanding Mechanics  and to give  the  students  ideas  on  
Newton’s Law, conservation laws, rotational and vibrational motion of rigid bodies, projectiles, special theory 
of relativity. They will also gain knowledge on Gravitation, Central force motion, Oscillations, Elasticity and 
fluid motion.

Course Outcomes
CO1 : Understanding of inertial and non-inertial frames. Revise Newton’s law of Motion.  Learn about Galilean 
transformations, conservation laws and dynamics of system of particles.
CO2 : Learn about conservative and non conservative forces, potential energy, stable and unstable equilibrium, 
work and kinetic energy theorems.  
CO3 : Learn about elastic and non elastic collisions between particles in the center of mass frame and the 
laboratory frame.
CO4 : Learn about angular momentum of a system of particle and its conservation, moment of inertia and 
related theorems. Application of these concepts to simple physical problems.
CO5 : Understanding of elastic constants and relations between them. Application of these concepts to simple 
physical problems.
CO6 : Learn kinematics of moving fluids and equation of continuity, streamline and turbulent flow, Reynold's 
number, Poiseuille's Equation for the  flow of viscous liquid.
CO7 : Learn about the laws of gravitation, motion under central force field and Kepler's laws.  Application of 
these concepts to physical problems.
CO8 : Concept of simple harmonic oscillator, the equation for SHM and its solution. Understanding of damped 
and forced oscillation, sharpness of resonance, power dissipation and Quality factor.
CO9 : Understanding of the postulates of special theory of relativity, Lorentz transformation, Lorentz 
contraction and time dilation, relativistic addition of velocities and relativistic Doppler Effect.



Relationship to other courses
 Assumed knowledge : Basic idea of Newtonian mechanics
 Prerequisite : None
 Follow up  Courses : PHSADSE02T

Faculty : Dr. Raghu Nath Bera, Dr. Mahuya Chakrabarti

Course Schedule (PHSACOR02T)
Faculty  Timetable Google Classroom Code

Dr. Mahuya Chakrabarti Monday 14:00 - 15:00 Physics Laboratory

Wednesday 10:00 - 11:00 Physics Laboratory

or7oivp

Dr. Raghu Nath Bera Thursday 11:00 - 12:00 Physics Laboratory

Friday 12:00 - 13:00 Auditorium 6

3kqxd22

Course Schedule (PHSACOR02P)     
Faculty  Timetable Google Classroom Code

Dr. Mahuya Chakrabarti Tuesday 14:00 - 16:00 Physics Laboratory

Thursday 14:00 - 16:00 Physics Laboratory

or7oivp



Course Calendar (PHSACOR02T)
Dr. Raghu Nath Bera  

Unit Topic Class Hour Month

5 Elasticity 6

5A Origin of elasticity, Idea of stress and strain. Relation between Elastic 
constants. Twisting torque on a Cylinder or Wire. Bending of a beam – 
internal bending moment.           

6 Oct

6 Fluid Motion 4

6A

Introduction of  fluid,  States  of  matters.  Kinematics  of  moving fluids: 
Equation of continuity. Idea of streamline and turbulent flow,Reynolds’s 
number.  Poiseuille’s  Equation for flow of a  viscous  Liquid through a 
Capillary Tube.

4 Nov

7 Gravitation and Central Force Motion 9

7A Law  of  gravitation.  Gravitational  potential  energy.  Inertial  and 
gravitational mass. Potential and field due to spherical shell and solid 
sphere,  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).

8 Nov, Dec

Class Test 1 Dec
8 Oscillations 7

8A 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;  Resonances,  sharpness  of  resonance;  power  dissipation 
and Quality Factor.

7 Dec, Jan

10 Special theory of Relativity 4

10A Michelson-Morley Experiment and its outcome. Postulates of Special 
Theory of Relativity.

2 Jan

10B Lorentz Transformations.  Simultaneity and order of  events. Lorentz 
contraction. Time dilation.

1 Feb

Class Test 1 Feb



 
Dr. Mahuya Chakrabarti  

Unit Topic Class Hour Month

1 Fundamental of Dynamics 5

1A Reference frames. Inertial frames; Review of Newton’s Laws of Mo-
tion. Galilean transformations; Galilean invariance.

2 Oct

1B Momentum of variable-mass system: motion of rocket. Dynamics of 
a system of particles. Centre of Mass, Principle of conservation of 
momentum. Impulse.

3 Oct

2 Work and Energy 4
2A Work and Kinetic Energy Theorem. Conservative and non-conser-

vative forces. Potential Energy.
1 Nov

2B Qualitative study of one dimensional motion from potential energy 
curves. Stable and unstable equilibrium. Elastic potential energy.

1 Nov

2C Force as  gradient  of  potential  energy.  Work & Potential  energy. 
Work done by non-conservative forces. Law of conservation of En-
ergy.

2 Nov

3 Collisions 3

3A Elastic and inelastic collisions between particles, Centre of Mass and 
Laboratory Frame

3 Nov

4 Rotational Dynamics 10

4A Angular momentum of a particle and system of particles. Torque. 
Principle of conservation of angular momentum. Rotation about a 
fixed axis.

3 Nov, Dec

4B Moment of Inertia.  Perpendicular axes theorem and parallel axes 
theorem and their applications in calculations of moment of inertia 
for rectangular, cylindrical and spherical bodies.

4 Dec

4C Kinetic energy of rotation. Motion involving both translation and 
rotation.

2 Jan

Class test 1 Jan

9 Non-inertial systems 4 Jan

9A Non-inertial frames and fictitious forces. Uniformly rotating frame 1 Jan
9B Laws of Physics in rotating coordinate systems. Centrifugal force. 

Coriolis force and its applications.
3 Jan

6 Special theory of Relativity 4 Feb

6C Relativistic transformation of velocity, frequency and wave num- 3 Feb



ber. Relativistic addition of velocities. Relativistic Doppler effect
Class Test 1 Feb

Evaluation of students

 Internal evaluation will be done through Mid Term examination and the dates will be declared ahead of 
time.  

 In addition, class tests will also be taken and the date for the same will be announced in the class or 
departmental notice board.



Mathematical Physics – II (PHSACOR05T, PHSACOR05P)
3rd semester, 2021-2022 

About the Course 
• Name of the course : Mathematical Physics-II
• Nature of the course : Core course 
• Code of the course : PHSACOR05T (Theory), PHSACOR05P (Practical)
• Credit point  : 4 (Theory) + 2 (Practical) 
• Class hours : 60 Hrs (Theory) + 60 Hrs (Practical) 

Course Description 
      The course is intended to introduce to the students notion of Fourier series, series solution of differential 
equation and special functions, glimpse of partial differential equation, variational calculus and analytical 
dynamics. 

Course Outcomes
 CO1 :  Learn expansion of functions in Fourier series. Understand the difference between power series and 
Fourier  series,  Gibbs  phenomena  and  probability  conservation  (Parseval  relation).  Familiarity   with  the  
application of Fourier series in physics, e.g, in signal processing. 
CO2 : Learn the powerful method of power series solution of differential equation. Solve Hermite, Laguerre, 
Bessel, Legendre equations using Frobenius-Fuchs method. Understand generating functions,  recurrence and 
orthogonality  relation  and  completeness  property  of  orthogonal  polynomials.  Ability  to  solve  problems  in 
electrodynamics and physical optics.   
CO3 :  Learn calculus of variation and analytical dynamics and application to classical mechanics.
CO4 : Familiarity with  the complete and incomplete Gamma function and Beta function.  
CO5 : Develop basic understanding of partial differential equation. 
CO6 :   Learn numerical methods like sorting,  interpolation, differentiation, integration and solution of ODE. 
Ability to write the corresponding codes in Python.  

Relationship to other courses  
• Assumed knowledge : Understanding of differential equation, algebra. 
• Prerequisite  : PHSACOR01T and PHSACOR01P
• Follow up Course :  PHSACOR08T, PHSACOR08P, PHSADSE02T

Faculty : Priyanka Chowdhury, Purnendu Chakraborty 



Course Schedule (PHSACOR05T)
Faculty  Timetable Google Classroom Code 

Priyanka Chowdhury Tuesday 10:00 - 11:00 Physics Laboratory

Wednesday 10:00 - 11:00 111

zdc7dbp

Purnendu Chakraborty Monday 10:00 - 11.00 Physics Laboratory

Tuesday 16:00 – 17:00 Physics Laboratory

apforjw

Course Schedule (PHSACOR05P) 
Faculty  Timetable Google Classroom Code 

Priyanka Chowdhury Monday 14:00 – 16:00 Computer Laboratory

Wednesday 14:00 – 16:00 Computer Laboratory

zdc7dbp



Course Outline (PHSACOR05T)
Unit 1 :  Calculus                                                                                                                
Periodic  functions.  Orthogonality  of  sine  and  cosine  functions,  Dirichlet  conditions  (Statement  only). 
Expansion  of  periodic  functions  in  a  series  of  sine  and  cosine  functions  and  determination  of  Fourier 
coefficients. Euler relation - complex representation of Fourier series. Expansion of functions with arbitrary  
period.  Expansion  of  non-periodic  functions  over an interval.  Even  and odd functions  and their  Fourier  
expansions. Application. Summing of Infinite Series. Term-by-term differentiation and integration of Fourier 
Series. Parseval Identity.
Unit 2  : Frobenius method and special functions                                                     
Singular Points of second order linear differential equations and their importance. Frobenius method and its 
applications  to  differential  equations.  Legendre,  Bessel,  Hermite  and  Laguerre  Differential  Equations. 
Properties  of  Legendre  Polynomials  :  Rodrigues  Formula,  generating  function,  orthogonality.  Simple 
recurrence relations.  Expansion  of  function  in  a  series  of  Legendre  Polynomials.  Multipole  expansion in  
electrostatics. Orthonormality of Hermite and Laguerre polynomials (statements only). Bessel Functions of the 
First Kind : generating function, simple recurrence relations. Zeros of Bessel Functions (J0(x) and J1(x)) and  
orthogonality. Airy’s disc for Fraunhofer diffraction through circular aperture, resolving power of a telescope.
Unit 3 : Some special integrals                                                                                    
Beta and Gamma functions and relation between them. Expression of integrals in terms of Gamma Functions. 
Error function (probability integral).
Unit 4 : Variational calculus in physics                                                                      
Idea of functionals. Euler-Lagrange equation from calculus of variation. Idea of constraints (holonomic only),  
degrees of freedom and generalised co-ordinates. Hamilton’s principle and Lagrange’s equation from it.
Unit 5 : Analytical dynamics                                                                                      
Applications of Lagrange’s equation in simple problems. Canonically cojugate momentum. Idea of cyclic co-
ordinate and conservation principles from different symmetries.
Idea  of  Legendre  transformation.  Its  application  in  mechanics  and  thermodynamics.  Definition  of  
Hamiltonian.  Canonical  equations  of  motion.  Poisson  bracket  and  its  properties.  Time  variation  of  a 
dynamical variable in terms of Poisson bracket and the condition related to the constants of motion.
Unit 6 – Partial differential equation                                                                          
Solutions to partial differential equations, using separation of variables: Laplace's equation in problems of 
rectangular symmetry. Wave equation and its solution for vibrational modes of a stretched string.
Reference Books 
1.  Mathematical Methods for Physicists: Arfken, Weber, Harris.
2.  Fourier Analysis by M.R. Spiegel.
3.  Mathematical Methods. M. C. Potter and J. Goldberg.
4.  Mathematics for Physicists, Susan M. Lea.
5.  Differential Equations, George F. Simmons.
6.  Differential Equations. S. L. Ross.



7.  Classical Mechanics: Systems of Particles and Hamiltonian Dynamics, W. Greiner.
8.  Classical Mechanics. J.R. Taylor.
9.  Partial Differential Equations for Scientists & Engineers, S.J. Farlow. 
10.  Engineering Mathematics, S.Pal and S.C. Bhunia.
11.  Mathematical methods for Scientists & Engineers, D.A. McQuarrie. 
12.  Mathematical Physics, P. K. Chattopadhyay. 



Course Calendar (PHSACOR05T)
Priyanka Chowdhury

Unit Topic Class Hours Month

1 Fourier Series 10

1A Periodic  functions.  Orthogonality  of  sine  and  cosine  functions,  Dirichlet 
Conditions (Statement only). Expansion of periodic functions in a series of 
sine and cosine functions and determination of Fourier coefficients.  Euler 
relation.

4 September

1B Complex  representation  of  Fourier  series.  Expansion  of  functions  with 
arbitrary period. Expansion of non-periodic functions over an interval.

3 September

1C Even and odd functions and their Fourier expansions. Application. Summing 
of Infinite Series. Term-by-Term differentiation and integration of Fourier 
Series. Parseval Identity.

3 September
October 

3 Some Special Integrals 4

Beta and Gamma Functions and Relation between them. Expression of Inte-
grals in terms of Gamma Functions. Error Function (Probability Integral).

3 October, 
November

1st Class Test 1 November

5 Analytical Dynamics 10

5A Applications of Lagrange’s equation in simple problems. Canonically conju-
gate momentum. Idea of cyclic coordinate and conservation principles from 
different symmetries.

4 November

5B Idea  of  Legendre  transformation.  Its  application  in  mechanics  and 
thermodynamics.

2 November

5C Definition of Hamiltonian. Canonical equations of motion. Poisson bracket 
and  its  properties.  Time  variation  of  a  dynamical  variable  in  terms  of 
Poisson bracket and the condition related to the constants of motion.

4
November 
December

6 Partial Differential Equations 6

6A Solutions  to  partial  differential  equations,  using  separation  of  variables: 
Laplace's Equation in problems of rectangular symmetry.

2 December

6B Wave equation and its solution for vibrational modes of a stretched string. 3 December

2nd Class Test 1 December



Purnendu Chakraborty 

Unit Topic Class Hours Month 

2 Frobenius method and special function 25

2A Singular  Points  of  Second Order  Linear  Differential  Equations  and  their 
importance. Frobenius method and its applications to differential equations.

5 September

2B Legendre, Bessel, Hermite and Laguerre Differential Equations. 3 September

2C Properties  of  Legendre  Polynomials:  Rodrigues  Formula,  generating 
function,  orthogonality.  Recurrence relations.  Expansion of  function in  a 
series of Legendre Polynomials. Multipole expansion.

4 October

2D Orthonormality of Hermite and Laguerre polynomials. Bessel functions of 
the first  kind :  generating function,  recurrence relations.  Zeros  of  Bessel 
functions and orthogonality.

5 November

2E Airy’s  disc for Fraunhofer diffraction through circular aperture, resolving 
power of a telescope.

2 November

Tutorial and class test 6 November
December

4 Variational calculus in physics 5

4A Idea of functionals. Euler-Lagrange equation from calculus of variation. Idea 
of constraints, degrees of freedom and generalised co-ordinates. Hamilton’s 
principle and Lagrange’s equation from it.

4 December

Class test 1 December 

Evaluation methodology 

1. Internal assessment of PHSACOR05T will be through class tests.

                                                                                                 



Thermal Physics  (PHSACOR06T, PHSACOR06P)
3rd Semester, 2021-2022

About the Course
 Name of the Course :  Thermal Physics
 Nature of the Course : Core Course
 Code of the Course : PHSACOR06T (Theory) and PHSACOR06P (Laboratory) 
 Credit point  : 4 (Theory) + 2 (Laboratory)
 Class Hours : 60 + 60

Course Description
This course is designed to get a fundamental understanding of Heat and Thermodynamics. The laws related to 
behavior of a thermal system, the thermodynamic potentials and the thermodynamic variables are to be 
discussed here in detail.  

Course Outcomes
On successful completion of this core course students will :
CO1 : Understand the zeroth, first and second laws of thermodynamics, the nature of thermodynamic proper-
ties of matter like internal energy, entropy, specific heats, temperature.
CO2 : Understand reversible and irreversible process, conversion between heat and work, Carnots’s Theorem, 
Heat engines and their efficiency.
CO3 : Understand entropy, 2nd law in terms of entropy, evaluate entropy changes in a wide range of processes, 
concept of absolute zero.
CO4 : Understand Thermodynamic Potentials, Enthalpy, Free Energy, Phase Transitions, Clausius Clapeyron 
equation.
CO5 : Acquire knowledge in the Kinetic theory of gases, molecular collisions. Understand the process of ther-
mal conductivity, viscosity and diffusion in gases, behavior of real and ideal gases.
CO6 : Do hands on experiments to measure the coefficient of thermal conductivity, thermo-emf and mechani-
cal equivalent of heat using platinum resistance thermometer, thermocouple and diode sensors.

Relationship to other courses
 Assumed knowledge: Basic  ideas of  thermal processes   
 Prerequisite: None.
 Follow up Courses: PHSACOR14T and PHSACOR014P
 



Faculty : Mahuya Chakrabarti and Paramita Mallick

Course Schedule (PHSACOR06T)
Faculty  Timetable Google Classroom Code

Mahuya Chakrabarti Monday 12:00 – 13:00 Physics Laboratory

Tuesday 11:00 – 12.00 Room No. 116

4anasmj

Paramita Mallick Thursday 11:00 – 12:00 Room No. 111

Friday 12:00 – 13:00 Room No. 111

2xxrih7

Course Schedule (PHSACOR06P)

Paramita Mallick
Thursday 14:00 – 16.00 Physics Laboratory

Friday 10:00 – 12:00 Physics Laboratory

pbpc662

Course Outline (PHSACOR06T)
Unit 1 : Introduction to Thermodynamics                                                                               

Zeroth and First Law of Thermodynamics: extensive and intensive Thermodynamic Variables, Thermodynamic 
equilibrium,  Zeroth  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.
Second Law of Thermodynamics: 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.  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 Cycle. Third Law of Thermodynamics. Unattainability of Absolute Zero.
Unit 2 : Thermodynamic Potentials                                                                                          
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 (basic principle only), First and second order Phase 
Transitions with examples, Clausius Clapeyron equation and Ehrenfest equations.
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.
Unit 3  : 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.
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.
Real Gases: Behavior of Real Gases: Derivations from the Ideal Gas equation. The Virial equation. Andrew’s 
experiments on CO2 Gas. Critical Constants. Continuity of Liquid and Gaseous State. Vapor and Gas. Boyle  
Temperature.  Van  der  Waal’s  equation  of  State  for  Real  Gases.  Values  of  Critical  Constants.  Law  of  
Corresponding States. Comparison with experimental Curies. 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.

Reference Books
1. Heat and Thermodynamics, M.W. Zemansky, Richard Dittman.
2. Thermodynamics : Fermi
3. Thermal Physics, S. Garg, R. Bansal and Ghosh.
4. Modern Thermodynamics with Statistical Mechanics, Carl S. Helrich.
5. Thermodynamics, Kinetic Theory & Statistical Thermodynamics, Sears & Salinger.
6. Concepts in Thermal Physics, S.J. Blundell and K.M. Blundell.
7. Thermodynamics and an Introduction to Thermostatistics, H. B. Callen.
8. Thermal Physics, A. Kumar and S.P. Taneja.



Course Calendar (PHSACOR06T)

Paramita Mallick
Unit Topic Class Hour Month

1 Introduction to thermodyanmics            25

1A Zeroth and First Law of Thermodynamics.  Thermodynamic variables, 
Thermodynamic  equilibrium,  Zeroth  Law,  Concept  of  Temp,  Heat, 
Work

2 September

1B State Functions, First Law of Thermodynamics and its differential form, 
Internal energy.

2 September

1C First Law of Thermodynamics and various process; Application. 1 September
1D General relation between Cp and Cv, work done during iso-thermal and 

adiabatic process, Compression and expansion coefficient.
2 September

class test 1 October

1E Second Law of Thermodynamics,  reversible and irreversible  process. 
Conversion of heat and work, Heat Engines.

2 October

1F Carnot cycle, Carnot engine and efficiency, Refrigerator and coefficient 
of performance.

2 October

1H a) Second Law of Thermodynamics, reversible and irreversible process. 
Conversion of heat and work, b) Heat Engines. Carnot cycle, Carnot 
engine and efficiency. c)  Refrigerator and coefficient of performance.

2 November

1I  Kelvin-Planck and Clausius Statements and their Equivalence. 1 November
1J a) Carnot’s Theorem. Applications of Second Law of Thermodynamics: 

b) Thermodynamic Scale of Temperature and its Equivalence to Perfect 
Gas Scale.              

2 November

1K Entropy. Concept of  Entropy, Clausius Theorem. Clausius Inequality, 
Second Law of Thermodynamics in terms of Entropy.

2 November

1L a) Entropy of a perfect gas. Principle of Increase of Entropy. Entropy 
Changes in Reversible and Irreversible processes with examples.
b)  Entropy  of  the  Universe.  Entropy  Changes  in  Reversible  and 
Irreversible Processes. Temperature–Entropy diagrams for Cycle.

4 December

class test                                                                     1 December

1M Third Law of Thermodynamics. Unattainability of Absolute Zero. 1 December
2 Thermodynamic Potentials 5

2A
Thermodynamic Potentials: Internal Energy, Enthalpy, Helmholtz Free 
Energy,  Gibb’s  Free  Energy.  Their  Definitions,  Properties  and 
Applications.

2 January

2B Surface  Films  and  Variation  of  Surface  Tension  with  Temperature. 2 January



Magnetic Work.
Class Test 1 Jan

Mahuya Chakrabarti
Unit Topic Class Hour Month

3 Kinetic Theory of Gases 20

3A (i) Distribution of Velocities: Maxwell-Boltzmann Law of Distribution of 
Velocities in an Ideal Gas and its Experimental Verification.

2 September

(ii) Doppler Broadening of Spectral Lines and Stern’s Experiment. 1 September

(iii) Mean, RMS and Most Probable Speeds. Degrees of Freedom. Law of 
Equipartition of Energy.

2 September

(iv) Specific heats of Gases. 1 September

class test 1 October

3B (i) Molecular Collisions:  Mean Free Path. Collision Probability. 
Estimates of Mean Free Path.

1 October

(ii)  Transport  Phenomenon  in  Ideal  Gases  :Viscosity,  Thermal 
Conductivity and Diffusion.

2 October

(iii) Brownian Motion and its Significance. 1 October
3C (i) Real Gases: Behaviour of Real Gases: Deviations from the Ideal Gas 

Equation. The Viral Equation.
3 November

ii) Andrew’s Experiments on CO2 Gas. Critical Constants. Continuity of 
Liquid and Gaseous State. Vapor and Gas.

1 November

iii)  Boyle  Temperature.  Van  der  Waal’s  Equation  of  State  for  Real 
Gases. Values of Critical Constants.

1 November

iv)  Law  of  Corresponding  States.  Comparison  with  Experimental 
Curves. P-V Diagrams.

1 November

v)  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.

2 November 
December

class test 1 Decermber

2 Thermodynamic Potentials 10

2C Cooling due to adiabatic demagnetization (basic principle only), First 
and second order Phase Transitions with examples, Clausius Clapeyron 
Equation and Ehrenfest equations

3 December

2D Derivations  and  applications  of  Maxwell’s  Relations,  Maxwell’s 
Relations:

6 December 
January



(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.
Class Test 1 January

Evaluation of students:
Internal evaluation will be done through class tests only and the dates will be declared ahead of time.  



DIGITAL SYSTEMS AND APPLICATIONS (PHSACOR07T, PHSACOR07P)
3rd semester, 2021-2022

About the Course 
• Name of the Course : Digital Systems and Applications
• Nature of the Course : Core Course 
• Code of the Course : PHSACOR07T and PHSACOR07P
• Credit point : 4 (Theory) + 2 (Laboratory) 
• Class Hours : 60 (Theory)+ 60 (Laboratory) 

Course Description
 The aim of this course is to impart the students the concepts of digital systems and applications.

Course Outcomes
CO1 : Understand fundamentals of Electronic Components and Measuring devices.
CO2 : Understand the basics of ICs
CO3 :  Understand about various number systems and their conversion, different logic circuit and gates, SOP 
and Karnaugh map. 
CO4 :  Acquire knowledge about binary addition and subtractions
CO5 :  Acquire knowledge about data processing circuits like multiplexer de-multiplexers, decoders, encoders
CO6 : Acquire knowledge about different flip-flops and their shortcomings  and overcome the problems
CO7 : Learn about IC 555 and their uses
CO8 : Learn about different registers
CO9 : Developing knowledge about different counters. 
CO10 : Understand fundamentals of computer organization
CO11 : Acquire knowledge to use basic electronic measuring instruments and develop skills to design, 
construction and use of different types of digital circuits and components through hands on training in the 
laboratory.
 
Relationship to other courses  

 Assumed knowledge : Basic knowledge in current electricity and electronics
 Prerequisite  : Nil



Course Coordinator : Dr. Raghu Nath Bera

Course Schedule (PHSACOR07T)
Faculty  Timetable Google Classroom Code

Raghu Nath Bera

Wednesday 11:00 – 12:00 Physics Laboratory

Thursday 10:00 – 11:00 111

Friday 13:00 – 14:00 111

Saturday 13:00 – 14:00 116

fbcspue

Course Schedule (PHSACOR07P)
Faculty  Timetable Google Classroom Code

Raghu Nath Bera Thursday 12:00 – 14:00 Physics Laboratory

Saturday 14:00 – 16:00 Physics Laboratory

fbcspue



Course Outline - PHSACOR07T 
Unit 1 : Introduction  

Electronic  Components  and  Measuring  devices  (which are  generally  used for  studying the  following 
circuits)  and  their  general  Characteristics,  Cathode-Ray  Oscilloscope(CRO),  Block  diagram  of  CRO. 
Electron Gun. Deflection System and Time Base. Deflection Sensitivity.
Applications of CRO :1)Study of waveform, 2) Measurement of Voltage , Current, Frequency and Phase  
difference.
Unit 2 :   Integrated Circuits
Active & Passive components. Discrete components. Wafer. Chip. Advantages and drawbacks of ICs. Scale  
of integration: SSI, MSI, LSI and VLSI (basic idea and definitions only). Classification of ICs. Examples of 
Linear and Digital lCs.
Unit 3 : Digital Circuits
Analog and Digital circuits. Difference between Analog and Digital Circuits. Binary Numbers. Decimal to  
Binary and Binary to Decimal Conversion. BCD, Octal and Hexadecimal numbers. 
De Morgan's Theorems. Boolean Laws. AND, OR and NOT Gates (realization using Diodes and Transistor).  
Simplification of Logic Circuit using Boolean Algebra. NAND and NOR Gates as Universal Gates. XOR and 
XNOR Gates and application as Parity Checkers.
Fundamental  Products.  Idea of Minterms and Maxterms. Conversion of a Truth table into Equivalent 
Logic Circuit by (1) Sum of Products Method and (2) Karnaugh Map.
Unit 4 : Arithmetic circuits
Binary Addition. Binary Subtraction using 2's Complement. Half and Full Adders. Half & Full Subtractors, 
4-bit binary Adder/Subtractor.
Unit 5 : Data processing circuits
Basic idea of Multiplexers, De-multiplexers, Decoders, Encoders.
Unit 6 : Sequential circuits
SR, D, and JK Flip-Flops. Clocked (Level and Edge Triggered) Flip-Flops. 
Preset and Clear operations. Racearound conditions in JK Flip-Flop. M/S JK Flip-Flop. Combinational  
logic for the development of sequential circuit.
Unit 7 : Timers
IC 555: block diagram and applications: Astable  multivibrator and Monostable multivibrator.
Unit 8 : Registers
Serial-in-Serial-out, Serial-in-Parallel-out, Parallel-in-Serial-out and Parallel-in-Parallel-out Shift Registers
(only up to 4 bits).
Unit 9 : Counters (4 bits)
Ring Counter. Asynchronous counters, Decade Counter. Synchronous Counter.

Unit 10: Computer Organization



Input/Output Devices. Data storage (idea of RAM and ROM). Computer memory. Memory organization & 
addressing. Memory Interfacing. Memory Map.

Reference Books

1. Digital Principles and Applications, A.P. Malvino, D. P. Leach and Saha, 7th Ed., 2011, TMH
2. Digital Computer Electronics. A.P. Malvino and J.A. Brown, 2005, TMH.
3. Fundamentals of Digital Circuits, Anand Kumar, 2nd Edn, 2009, PHI Learning Pvt. Ltd.
4. Digital Circuits and systems, Venugopal, 2011, Tata McGraw Hill.
5. Digital Electronics G K Kharate ,2010, Oxford University Press
6. Digital Systems: Principles & Applications, R.J.Tocci, N.S.Widmer, 2001, PHI Learning
7. Logic circuit design, Shimon P. Vingron, 2012, Springer.
8. Digital Electronics, Subrata Ghoshal, 2012, Cengage Learning.
9. Digital Electronics, S.K. Mandal, 2010, 1st edition, McGraw Hill
10. Microprocessor Architecture Programming & applications with 8085, 2002, R.S. Goankar, 

Prentice Hall
11. Integrated Electronics, J. Millman and C. Halkias
12. Digital Circuits, Vol 1 and Vol 2, D Ray Chaudhury, Platinum Publisher
13. Electronics Fundamental and Applications, D Chattopadhyah and PC Rakshit
14. Fundamental Principles of Electronics, B. Ghosh



Course Calendar (PHSACOR07T)
Dr Raghu Nath Bera

Unit Topic Class Hour Month

1 Introduction 4

1A

Electronic  Components  and  Measuring  devices  (which  are  generally 
used  for  studying  the  following  circuits)  and  their  general 
Characteristics,  Cathode-Ray  Oscilloscope(CRO),  Block  diagram  of 
CRO.  Electron  Gun.  Deflection  System  and  Time  Base.  Deflection 
Sensitivity

2 September

1B
Applications  of  CRO  :1)Study  of  waveform,  2)  Measurement  of 
Voltage , Current, Frequency and Phase difference.

2 September

2 Integrated Circuits 5

2A

Active  &  Passive  components.  Discrete  components.  Wafer.  Chip. 
Advantages and drawbacks of ICs. Scale of integration: SSI, MSI, LSI 
and  VLSI  (basic  idea  and  definitions  only).  Classification  of  ICs. 
Examples of Linear and Digital lCs.

5 September

3 Digital Circuits 16

3A
Analog and Digital circuits. Difference between Analog and Digital 
Circuits. Binary Numbers. Decimal to Binary and Binary to Decimal 
Conversion. BCD, Octal and Hexadecimal numbers. 

4 September

3B

De Morgan's Theorems. Boolean Laws. AND, OR and NOT
Gates (realization using Diodes and Transistor). Simplification of Logic 
Circuit using Boolean Algebra. NAND and NOR Gates as Universal 
Gates. XOR and XNOR Gates and application as Parity Checkers.

6 September

3C
Fundamental Products. Idea of Minterms and Maxterms. Conversion of 
a Truth table into Equivalent Logic Circuit by (1) Sum of Products 
Method and (2) Karnaugh Map.

6 October

4 Arithmetic circuits 5

4A Binary Addition. Binary Subtraction using 2's Complement. Half and 
Full Adders. Half & Full Subtractors, 4-bit binary Adder/Subtractor.

5 October

5 Data processing circuits 5

5A Basic idea of Multiplexers, De-multiplexers, Decoders, Encoders 5 November
6 Sequential circuits 6

6A
SR, D, and JK Flip-Flops. Clocked (Level and Edge Triggered) Flip-
Flops. 

3 November

6B Preset and Clear operations. Racearound conditions in JK Flip-Flop. M/
S JK Flip-Flop. Combinational  logic for the development of sequential  
circuit.

3 November



7 Timers 4
7A IC 555:  block  diagram and  applications:  Astable   multivibrator  and 

Monostable multivibrator
4 November

December
8 Registers 4

Serial-in-Serial-out,  Serial-in-Parallel-out,  Parallel-in-Serial-out  and 
Parallel-in-Parallel-out Shift Registers (only up to 4 bits).

4 December

9 Counters (4 bits) 4
Ring Counter.  Asynchronous counters,  Decade Counter.  Synchronous 
Counter

4 December

10 Computer Organization 7
Input/Output Devices. Data storage (idea of RAM and ROM). Computer 
memory.  Memory  organization  &  addressing.  Memory  Interfacing. 
Memory Map.

7 December



Quantum Mechanics and Applications (PHSACOR11T, PHSACOR11P)
5th semester, 2021-2022

About the Course 
• Name of the course : Quantum Mechanics and Applications
• Nature of the course : Core course 
• Code of the course : PHSACOR011T (Theory) and PHSACOR011P (Practical)
• Credit point  : 4 (Theory) + 2 (Practical) 
• Class hours : 60 Hours (Theory) + 60 Hours (Practical) 

Course Description 
    The objective of this course is to introduce to the students the ideas of quantum mechanics and its 
application in atomic physics.   

Course Outcomes 
CO1 : Understanding of the failure of classical concepts to describe the physics at the sub-atomic scale and 
emergence of the quantum mechanics and appreciation of the discrete and probabilistic nature of this theory. 
CO2 : Knowledge about the Schroedinger equation and its analytic and numerical solution.                        
CO3 : Understanding of the bound states in different potentials.                                                                 
CO4 :  Knowledge about the  application of quantum mechanics in the atomic systems.                                
CO5 : Learn to numerically solve Schroedinger equation for different potentials. 

Relationship to other courses  
• Assumed knowledge : Understanding of linear algebra, differential equations. 
• Prerequisite  : PHSACOR08T, PHSACOR08P, PHSACOR09T. 

Course Coordinator : Purnendu Chakraborty 
Course Schedule 

Course Faculty Class Timing Google Classroom 

PHSACOR11T Purnendu Chakraborty

Monday 12:00 – 13:00 Room 111 kayc3z7

Tuesday 12:00 – 13:00 Physics Laboratory

Thursday 12:00 – 14:00 Physics Laboratory

PHSACOR11P Purnendu Chakraborty
Tuesday 14:00 – 16:00 Comp. Laboratory

kayc3z7
Saturday 14:00 – 16:00 Comp Laboratory



Course Outline - PHSACOR11T 
Unit 1 :  Basic Formalism                                                                                                                
Departure from matter wave description. Quantum mechanics as a new framework to describe the rules of the
microscopic world. Postulates of quantum mechanics : state as a vector in a complex vector space, inner 
product,  its  properties  using Dirac bra-ket  notation. Physical  observable as Hermitian operators  on state 
space. Eigenvalues, eigenvectors and completeness property of the eigenvectors, matrix representation. 
Measurement statistics. Unitary time-evolution. Demonstration of the rules in 2-level systems. 

Wave-function  as  the  probability  amplitude  distribution  of  a  state  for  the  observables  with  continuous  
eigenvalues.  Position  representation  and  momentum  representation  of  wave-functions  and  operators. 
Position,  momentum  and  Hamiltonian  operators.  Non-commuting  observables  and  incompatible 
measurement,  uncertainty  relation.  Position-momentum uncertainty principle  as  an  example.  Commuting 
observables and degeneracy; complete set of commuting observables.

Unit 2  : Schrodinger Equation                                                    
Time dependent Schrodinger equation: Time dependent Schroedinger equation and dynamical evolution of a
quantum state; Properties of wave function. Interpretation of wave function - probability and probability  
current densities in three dimensions; conditions for physical acceptability of wave functions. Normalization 
and linear superpositio principles of the solutions of Schroedinger equation. Wave Function of a free Particle.  
Explanation  of  wave-particle  duality  in  two  slit  experiment  with  microscopic  particles  from  the  above 
formalism.
Time independent Schroedinger equation-Hamiltonian, stationary states and energy eigenvalues; expansion of 
an  arbitrary wavefunction as a linear combination of energy eigenfunctions; general solution of the time  
dependent Schroedinger equation in terms of linear combinations of stationary states; Application to spread 
of  Gaussian  wave-packet  for  a  free  particle  in  one  dimension;  wave  packets,  Fourier  transforms  and 
momentum space wave function; consistency with position-momentum uncertainty principle.

Quantum mechanical  scattering and tunnelling in  one dimension-across  a  step potential  and rectangular  
potential barrier. Tunneling effect in the case of alpha decay and in scanning tunnel microscopes.

Unit 3 : Bound states in an arbitrary potential                                                                                  
Bound states – continuity of wave function, boundary condition and emergence of discrete energy levels.
One dimensional infinitely rigid box- energy eigenvalues and eigenfunctions, normalization; generalisation 
for three dimension and degeneracy of energy levels. Quantum dot as example.
Quantum  mechanics  of  simple  harmonic  oscillator  :  energy  levels  and  energy  eigenfunctions;  Hermite 
polynomials; ground state, zero point energy & uncertainty principle. Raising and lowering operator and their
applications.
Unit 4 : Quantum theory of hydrogen-like atoms                                                                     
Time independent Schrodinger equation in spherical polar coordinates with spherically symmetric potential;
separation  of  variables  for  second  order  partial  differential  equation;  angular  momentum  operators, 
commutation relations, ladder operators & quantum numbers; spherical co-ordinate representation of angular 



momentum operators. Radial wavefunctions for Coulomb potential; shapes Quantum theory of hydrogen-like 
atomsof the probability densities for ground & first excited states. Commuting observables and degeneracy of  
energy levels. Orbital angular momentum quantum numbers l and m; s, p, d shells, subshells. Applications for 
Hydrogen atom, He+ ion, positronium and alikes.
Unit 5 : Applications of Quantization Rules in Atomic Physics 
Absence of exact stationary state solutions for relativistic effects and for multi-electron atoms. Approximate
description by semi-classical vector model of atoms.
Electron angular momentum quantization rules. Space quantization. Orbital Magnetic Moment and Magnetic

Energy, Gyromagnetic Ratio and Bohr magneton. Electron Spin as relativistic quantum effect, Spin Angular 
Momentum. Spin Magnetic Moment. Stern-Gerlach Experiment. Larmor Precession. 
Multi-electron atoms. Pauli’s Exclusion Principle. Spectral Notations for atomic States. Aufbau principle, n+l 
rule. Periodic table.
Spin  orbit  interaction.  Addition  of  angular  momentum  (statement  only).  Total  angular  momentum  of 
electron. Total energy level correction due to relativistic effects and spin-orbit interaction . Fine structure
splitting.
Normal and Anomalous Zeeman Effect, Lande g factor, Paschen Back effect. Stark Effect.
Spin-orbit  coupling  in  atoms  –  L-S  and  J-J  coupling  schemes.  Hund’s  Rule.  Term  symbols.  Spectra  of  
Hydrogen and Alkali Atoms (Na etc.). Mosley’s law and its explanation from Bohr theory.
Reference Books 
1. Introduction to Quantum Mechanics, D.J. Griffith,  Pearson Education.
2. Quantum Mechanics : Theory and Experiment. M. Beck, Oxford University Press.
3. A Modern Approach to Quantum Mechanics. J.S. Townsend, Viva Books.
4. A Text book of Quantum Mechanics, P.M. Mathews and K. Venkatesan, McGraw Hill
5. Quantum Mechanics, Robert Eisberg and Robert Resnick, Wiley.
6. Quantum Mechanics, Leonard I. Schiff, Tata McGraw Hill.
7. Qantum Mechanics, Bruce Cameron Reed, Jones and Bartlett Learning.
8. Quantum Mechanics for Scientists & Engineers, D.A.B. Miller,  Cambridge University Press.
9. Feynmann Lectures on Physics – Volume 3, Narosa Publishing. 



COURSE CALENDAR FOR PHSACOR11T 
Purnendu Chakraborty 

Unit Topic Class Hour Month

1 Basic Formalism 12

1A Departure from matter wave description. Quantum mechanics as a new 
framework to describe the rules of the microscopic world. Postulates of 
quantum mechanics: State as a vector in a complex vector space, inner 
product, its properties using Dirac bra-ket notation. Physical observable as 
Hermitian operators on state space. Eigenvalues, eigenvectors and 
completeness property of the eigenvectors, matrix representation.  
Measurement statistics. Unitary time-evolution. Demonstration of the rules 
in 2-level systems. 

4  September 

Problems and Tutorial 1 September

1B Wave-function as the probability amplitude distribution of a state for the 
observables with continuous eigenvalues. Position representation and 
momentum representation of wave-functions and operators. Position, 
momentum and Hamiltonian operators. Non-commuting observables and 
incompatible measurement, uncertainty relation. Position-momentum 
uncertainty principle as an example. Commuting observables and 
degeneracy; complete set of commuting observables.

5 September

Problems and Tutorial 1 September

1st class test 1 September

2 Schroedinger equation 12

2A Time dependent Schrodinger equation: Time dependent Schroedinger 
equation and dynamical evolution of a quantum state; Properties of Wave 
Function. Interpretation of Wave Function Probability and probability 
current densities in three dimensions; Conditions for physical acceptability 
of Wave Functions. Normalization and Linear Superposition Principles of the 
solutions of Schroedinger equation. Wave Function of a Free Particle. 
Explanation of wave-particle duality in two slit experiment with microscopic 
particles from the above formalism.

4 September
October

Problems and Tutorial 1 October

Time independent Schrodinger equation-Hamiltonian, stationary states and 
energy eigenvalues; expansion of an arbitrary wavefunction as a linear 
combination of energy eigenfunctions; General solution of the time 
dependent

3 October



Schrodinger equation in terms of linear combinations of stationary states; 
Application to spread of Gaussian wave-packet for a free particle in one 
dimension; wave packets, Fourier transforms and momentum space wave-
function; consistency with position-momentum uncertainty principle.

Problems and Tutorial 1 November

Quantum mechanical scattering and tunnelling in one dimension-across a 
step potential & rectangular potential barrier. Tunnelling effect in the case 
of alpha decay and in scanning tunnel microscopes. 

2 November

2nd Class Test 1 November

3 Bound states in an arbitrary potential 8

3A Bound states – continuity of wave function, boundary condition and 
emergence of discrete energy levels.

1 November

3B One dimensional infinitely rigid box- energy eigenvalues and eigenfunctions, 
normalization; generalisation for three dimension and degeneracy of energy 
levels. Quantum dot as example.

2 November

3C Quantum mechanics of simple harmonic oscillator-energy levels and energy 
eigenfunctions; Hermite polynomials; ground state, zero point energy  
uncertainty principle. Raising-lowering operator and their applications.

3 November

Problems and Tutorials 1 November

3rd Class Test 1 November

4 Quantum theory of hydrogen-like atoms 10

4A Time independent Schrodinger equation in spherical polar coordinates with 
spherically symmetric potential; separation of variables for second order 
partial differential equation. 

1 December

4B Angular momentum operators, commutation relations, ladder operators & 
quantum numbers; spherical co-ordinate representation of angular 
momentum
operators.

2 December

Problems and Tutorials 1 December

4C Radial wavefunctions for Coulomb potential; shapes of the probability 
densities for ground first excited states.

1 December

4D Commuting observables and degeneracy of energy levels. Orbital angular 
momentum quantum numbers l and m; s, p, d shells, subshells. Applications 
for Hydrogen atom, He+ ion, positronium and alikes.

2 December

Problems and Tutorials 2 December



4th Class Test December

5 Applications of Quantization Rules in Atomic Physics 18

5A Absence of exact stationary state solutions for relativistic effects and for 
multi-electron atoms. Approximate description by semi-classical vector 
model of atoms.

2 December

5B Electron angular momentum quantization rules. Space quantization. Orbital 
Magnetic Moment and Magnetic Energy, Gyromagnetic Ratio and Bohr 
magneton. Electron Spin as relativistic quantum effect, spin Angular 
Momentum. Spin Magnetic Moment. Stern-Gerlach Experiment. Larmor
Precession.

3 December

Problems and Tutorials 1 January

5C Multi-electron atoms. Pauli’s Exclusion Principle. Spectral Notations for 
atomic States. Aufbau principle, n+l rule. Periodic table.

2 January

5D Spin orbit interaction. Addition of angular momentum. Total angular 
momentum of electron. Total energy level correction due to relativistic 
effects and spin-orbit interaction. Fine structure splitting.

2 January

5E Normal and Anomalous Zeeman Effect, Lande g factor, Paschen Back effect. 
Stark Effect.

2 January

5F Spin-orbit coupling in atoms. L-S and J-J coupling schemes. Hund’s Rule. 
Term symbols. Spectra of Hydrogen and Alkali Atoms (Na etc.). Mosley’s 
law and its explanation from Bohr theory.

3 January

Problems and Tutorial 2 January

5th Class Test  1 January

Evaluation methodology 
1. Internal assessment of PHSACOR011T will be through class tests only. All class tests are mandatory.  

                                                                                                 



Solid State Physics (PHSACOR12T, PHSACOR12P)
5th Semester, 2021-2022

About the Course
 Name of the course :  Solid State Physics
 Nature of the course : Core Course
 Code of the course : PHSACOR12T (Theory), PHSACOR12P (Laboratory)
 Credit point  : 4 (Theory) + 2 (Laboratory)
 Class Hours : 60 (Theory) + 60 (Laboratory)

Course Description
This course is designed to get a fundamental understanding of Solid State Physics. Students will be familiar with 
the structure of lattice, lattice dynamics, defects in lattice etc. Theory of Magnetic, Dielectric properties of 
matter will be introduced in this section. They will learn about the band theory of solids, how the bands formed 
inside the solid. A short review on superconductivity of solids will also be implemented in this course.

Course Outcomes
On successful completion of the course the students will learn about
CO1 : Concept of Lattice, Brillouin Zones, Diffraction of X-rays, Lattice dynamics, Vibrations and Phonons, 
Theories of specific heat of solids.
CO2 : Magnetic Materials, Theories of Dia-, Para- and Ferromagnetism, Hysteresis and energy Loss.

CO3 : Polarization, Dielectric Susceptibility, Clausius Mosotti equation, Dispersion and Cauchy relations.
CO4 : Ferroelectric materials, Curie-Weiss Law, Ferroelectric domains, P-E hysteresis loop.

CO5 : Drude’s theory, effective mass, Hall Effect in metals.

CO6 : Kronig Penny model, Band Gap, Conductivity of Semiconductor.

CO7 : Superconductivity, Meissner effect, Types of Superconductors, London’s equation, Isotope effect.

CO8 : Hands on experiments what they have learnt during this course like ferroelectric crystal characteristics,  
Hall coefficient and temperature coefficient of semiconductor etc.

Relationship to other courses
 Assumed knowledge : Basic  ideas of solids   
 Prerequisite : None.
 



Faculty  : Dr. Mahuya Chakrabarti, Dr. Raghunath Bera  
Course Schedule (PHSACOR12T)

Faculty  Timetable Google Classroom Code

Dr. Mahuya Chakrabarti Monday 13:00 – 14:00 Room No 111

Thursday 11:00 – 12.00 Room No 116

oxaczza

Dr. Raghu Nath Bera Tuesday 10:00 – 11:00 Room No 111

Wednesday 10:00 – 11:00 Room No 116

qqmlsm5

Course Schedule (PHSACOR12P)
Faculty  Timetable Google Classroom Code

Dr. Mahuya Chakrabarti
Paramita Mallick 

Wednesday 12:00 – 14:00 Room No 111 oxaczza

Dr. Mahuya Chakrabarti
Dr. Raghu Nath Bera

Friday 14:00 – 16:00 Room No 111 oxaczza



Course Outline (PHSACOR12T)
Unit 1 : Crystal Structure                                                                              
Solids : Amorphous and Crystalline Materials. Lattice Translation Vectors. Lattice with a Basis. Unit Cell. Miller  
Indices. Reciprocal Lattice. Types of Lattices. Brillouin Zones. Diffraction of X-rays by Crystals. Laue’s condition 
and Bragg’s Law. Structure Factor.
Unit 2 : Elementary Lattice Dynamics                                                                                  
Lattice Vibrations and Phonons: Linear Monoatomic and Diatomic Chains. Acoustical and Optical Phonons. 
Qualitative Description of the Phonon Spectrum in Solids. Dulong and Petit’s Law, its limitations. Einstein’s 
theories of specific heat of solids, its limitations.
Unit 3 : Magnetic Properties of Matter                                                                                                            
Dia-, Para-, Ferri- and Ferromagnetic Materials. Classical Langevin Theory of dia– and Paramagnetic Domains.  
Quantum  Mechanical  Treatment  of  Paramagnetism.  Curie’s  law,  Weiss’s  Theory  of  Ferromagnetism  and 
Ferromagnetic Domains. Discussion of B-H Curie. Hysteresis and energy Loss
Unit 4 : Dielectric Properties of Materials
Polarization.  Local  electric  Field  at  an  Atom.  Depolarization  Field.  Electric  Susceptibility.  Polarizability. 
Clausius  Mosotti  equation.  Classical  Theory  of  electric  Polarizability.  Normal  and  Anomalous  Dispersion. 
Cauchy and Sellmeir relations. Langevin-Debye equation. Complex Dielectric Constant. Optical Phenomena.
Unit 5 : Ferroelectric Properties of Materials
Structural  phase  transition,  Classification  of  crystals,  Piezoelectric  effect,  Pyroelectric  effect,  Ferroelectric 
effect, Electrostrictive effect, Curie-Weiss Law, Ferroelectric domains, PE hysteresis loop.
Unit 6 : Drude’s theory
Free electron gas  in metals,  effective mass,  drift  current,  mobility  and conductivity,  Hall  effect  in metals.  
Thermal conductivity. Lorentz number, limitation of Drude’s theory
Unit 7: Elementary band theory
Kronig Penny model.  Band Gap.  Conductor,  Semiconductor (P and N type)  and insulator.  Conductivity of 
Semiconductor, mobility, Hall effect. Measurement of conductivity (04 probe method) & Hall coefficient.
Unit 8: Superconductivity
Experimental  Results.  Critical  Temperature.  Critical  magnetic  field.  Meissner  effect.  Type  I  and  type  II 
Superconductors, London’s equation and Penetration Depth. Isotope effect.
Reference Books
1. Introduction to Solid State Physics, Charles Kittel, 8th edition, 2004, Wiley India Pit. Ltd.
2. Elements of Solid State Physics, J.P. Srivastava, 4th edition, 2015, Prentice-Hall of India
3. Introduction to Solids, Leonid V. Azaroff, 2004, Tata Mc-Graw Hill
4. Solid State Physics, N.W. Ashcroft and N.D. Mermin, 1976, Cengage Learning
5. Solid-state Physics, H. Ibach and H. Luth, 2009, Springer
6. Solid State Physics, Rita John, 2014, McGraw Hill
7. Elementary Solid State Physics, 1/e M. Ali Omar, 1999, Pearson India
8. Solid State Physics, M.A. Wahab, 2011, Narosa Publications



COURSE CALENDAR (PHSACOR12T)

Raghu Nath Bera 

 Unit Topic Class  Hour Month

1 Crystal Structure         12

1A Solids:  Amorphous  and  Crystalline  Materials.  Lattice  Translation 
Vectors. Lattice with a Basis. Unit Cell. Miller Indices.

6 September

1B Reciprocal Lattice. Types of Lattices. Brillouin Zones. 3 September
October

1C Diffraction  of  X-rays  by  Crystals.  Laue’s  condition  and  Bragg’s  Law. 
Structure Factor.

3 October

2 Elementary Lattice Dynamics 10
2A Lattice  Vibrations  and  Phonons:  Linear  Monoatomic  and  Diatomic 

Chains. Acoustical and Optical Phonons.   
3 November

2B Qualitative Description of the Phonon Spectrum in Solids. Dulong and 
Petit’s Law, its limitations.

4 November

2C Einstein’s theories of specific heat of solids, its limitations 2 December

Class Test 1 December

3 Magnetic Properties of Matter 7

3A Dia-,  Para-,  Ferri-  and  Ferromagnetic  Materials.  Classical  Langevin 
Theory  of  dia–  and  Paramagnetic  Domains.  Quantum  Mechanical 
Treatment of Paramagnetism.

3 December

3B Curie’s  law,  Weiss’s  Theory  of  Ferromagnetism  and  Ferromagnetic 
Domains. Discussion of B-H Curve. Hysteresis and energy Loss.

3 December

Class Test 1 January

Mahuya Chakrabarti
 Unit Topic Class  Hour Month

4 Dielectric Properties of Materials 7

4A Polarization.  Local  electric  Field  at  an  Atom.  Depolarization  Field. 
electric Susceptibility. Polarizability. Clausius Mosotti equation.

2 September

4B Classical  Theory  of  electric  Polarizability.  Normal  and  Anomalous 
Dispersion.  Cauchy  and  Sellmeir  relations.  Langevin-Debye  equation. 
Complex Dielectric Constant. Optical Phenomena

4 September

1st Class test 1 September

5 Ferroelectric Properties of Materials 6



5A Structural phase transition, Classification of crystals, Piezoelectric effect, 
Pyroelectric effect,

2 October

5B Ferroelectric  effect,  electrostrictive  effect,  Curie-Weiss  Law, 
Ferroelectric domains, PE hysteresis loop.

4 October

6 Drude’s theory 5

6A Free electron gas in metals, effective mass, drift current, mobility and 
conductivity,

2 November

6B Hall effect in metals. Thermal conductivity. Lorentz number, limitation 
of Drude’s theory

3 November

7 Elementary band theory 10

7A Kronig Penny model.  Band Gap. Conductor,  Semiconductor (P and N 
type) and insulator.

6 November

7B Conductivity of Semiconductor,  mobility,  Hall  effect.  Measurement of 
conductivity (04 probe method) & Hall coefficient.

3 December

2nd Class test 1 January

8 Superconductivity 3
8A Experimental  Results.  Critical  Temperature.  Critical  magnetic  field. 

Meissner effect. Type I and type II Superconductors
1 January

8B London’s equation and Penetration Depth. Isotope effect. 2 January

Evaluation of students:
Internal evaluation will be done through class test examination and assignments. The dates of the examination 
will be declared ahead of time.  



Advanced Dynamics  (PHSADSE02T)
5th semester, 2021-2022

About the Course 
• Name of the course : Advanced Dynamics 
• Nature of the course : Core course 
• Code of the course : PHSADSE02T 
• Credit point  : 6 

Course Description 
The objective of this course two fold : (a) it serves the purpose of supplementing PHSACOR02T and (b) it 
introduces in detail advanced concepts of dynamical systems. 

Course Outcomes 
CO1 :   Understand Lagrange and Hamilton dynamics,   constrained systems, canonical  transformations and 
generating functions, Poisson bracket. 
CO2 : Grasp well the mechanics of rigid body.  
CO3 : Understand the small amplitude oscillations. 
CO4 : Understand Eulerian ideal hydrodynamics, dissipative Navier Stokes hydrodynamics. Acquire preliminary 
idea about turbulence.                    
CO5 : Understand the basics of a dynamical systems, phase space, flows and trajectories. autonomous and non-
autonomous  systems,  dimensionality  and stability.  Apply knowledge to  study simple systems.   Understand 
discrete time dynamical systems, iterative map. logistic map, cobweb iteration. Acquire basic idea of chaos and 
Lyapunov exponent. 

Relationship to other courses  
• Assumed knowledge : Basic idead of Newtonian mechanics (point particle and mechanics of rigid 

body), Lagrange and Hamiltonian dynamics and fluid mechanics.  
• Prerequisite  : PHSACOR02T, PHSACOR05T 

Faculty : Priyanka Chowdhury , Paramita Mallick



Course Schedule (PHSADSE02T)
Faculty  Timetable Google Classroom Code 

Priyanka Chowdhury Monday 11:00 – 12:00 Room No 111

Tuesday 13:00 – 14:00 Auditorium 6

Thursday 10:00 – 11:00 Room No 116

dobrtlj

Paramita Mallick  Wednesday 11:00 – 12:00 Room No 116

Friday 13:00 – 14:00 Physics Laboratory

Saturday 10:00 – 11:00 Physics Laboratory

a6gpymo

Course Outline - PHSADSE02T
Unit 1 :  Lagrangian & Hamiltonian Dynamics 
Lagrange’s equation for the cases with semi-holonomic constraints. Evaluation of constraint forces in general.  
Simple problems with both time-dependent and time independent constraints.
Idea of canonical transformations. Generating functions. Properties of canonical transformation. Invariance of
Poisson  bracket.  Use  of  canonical  transformations  in  solving  Hamilton’s  equations;  harmonic  oscillator 
problem as test case.
Unit 2  :    Rigid Body Mechanics                                      

Definition of rigid body. General motion as combination of translation and rotation. Rotation of rigid body 
and  the  relation  between  its  angular  momentum and  angular  velocity.  Moment  of  inertia  and  product  
ofinertia.  Kinetic  energy  of  rotation.  Principal  axis  transformation  and  principal  moments  of  inertia, 
application  in  simple  cases.  Euler  equations  for  free  top  and  their  solutions  describing  the  motion  of  
symmetric bodies.

Unit 3 :   Small Amplitude Oscillations                                                          
Minima of potential energy and points of stable equilibrium, expansion of the potential energy around a  
minimum, small amplitude oscillations about the minimum, normal modes of oscillations example of N
identical masses connected in a linear fashion to (N - 1) - identical springs.
Unit 5 : Dynamical Systems                                                                   
Definition of a continuous dynamical system. The idea of phase space, flows and trajectories. Autonomous
and non-autonomous systems, dimensionality. Linear stability analysis to study the behaviour of an 1-
dimensional autonomous system. Illustration of the method using the single particle system described by
v=f(x) and comparing it with the exact analytical solution. Extension of the method for simple mechanical
systems as 2-dimensional dynamical systems, categorisation of equilibrium/fixed points : illustrations for the
free particle, particle under uniform gravity, simple and damped harmonic oscillator (both under-damped and
over-damped). Sketching flows and trajectories in phase space; sketching variables as functions of time,
relating the equations and pictures to the underlying physical intuition. Study on the behaviour of the quartic
oscillator with an attractive or repulsive quadratic term in the potential; idea of bifurcation. Phase space 



diagram for the general motion of a pendulum and its behaviour. Oscillator with non-linear damping, Van-
der-Pol oscillator as the example, behaviour in large damping limit, idea of limit cycle.
Discrete time dynamical systems, examples. Description by iterative map. Logistic map: Dynamics from
time series. Cobweb iteration (using calculator or simple programs only). Fixed points. Parameter
dependence- steady, periodic and chaos states. Idea of chaos and Lyapunov exponent.
Unit 6 :  Fluid Dynamics                                                 
Basic physics of fluids: The continuum hypothesis- concept of fluid element or fluid parcel; Definition of a
fluid-shear stress; Fluid properties- viscosity, thermal conductivity, mass diffusivity, other fluid properties
and equation of state; Flow phenomena- flow dimensionality, steady and unsteady flows, uniform & non-
uniform flows, viscous & inviscid flows, incompressible & compressible flows, laminar and turbulent flows,
rotational and irrotational flows. Euler equation and Navier-Stokes equation, qualitative description of
turbulence, Reynolds number.
Reference Books 

1. Classical Mechanics, H.Goldstein, C.P. Poole, J.L. Safko, 3rd Edn. 2002, Pearson Education.
2. Classical Mechanics: A Course of Lectures. A.K. Raychaudhuri, 1983, Oxford University Press.
3.  Mechanics, L. D. Landau and E. M. Lifshitz, 1976, Pergamon.
4. Classical Mechanics, P.S. Joag, N.C. Rana, 1st Edn., McGraw Hall.
5.  Classical Mechanics, R. Douglas Gregory, 2015, Cambridge University Press.
6. Classical Mechanics: An introduction, Dieter Strauch, 2009, Springer.
7. Chaos and Non-linear Dynamics. R.C. Hilborn, 2000, Oxford Univ. Press.
8. Nonlinear Dynamics and Chaos.S.H. Strogartz.
9. Solved Problems in classical Mechanics, O.L. Delange and J. Pierrus, 2010, Oxford Press



COURSE CALENDAR (PHSADSE02T)

Priyanka Chowdhury

Unit Topic Class Hour Month

2 Rigid Body Mechanics 4

2A Principal axis transformation and principal moments of inertia, application 
in simple cases.

1 September

2B Euler equations for free top and their solutions describing the motion of 
symmetric bodies.

3 September

3 Small Amplitude Oscillations 10

3A Minima of potential energy and points of stable equilibrium, expansion of 
the potential energy around a minimum.

2 September

3B Small amplitude oscillations about the minimum, normal modes of 
oscillations.

3 September

3C Example of N identical masses connected in a linear fashion to (N - 1) - 
identical springs.

4 September

1st Class Test 1 October

4 Dynamical Systems 25

4A Definition of a continuous dynamical system. The idea of phase space, 
flows and trajectories. Autonomous and non-autonomous systems, 
dimensionality. Linear stability analysis to study the behaviour of an 1-
dimensional autonomous system.

3 October

4B Illustration of the method using the single particle system described by 
v=f(x) and comparing it with the exact analytical solution.

3 October

4C Extension of the method for simple mechanical systems as 2-dimensional 
dynamical systems, categorisation of equilibrium/fixed points.

3 November

4D Illustrations for the free particle, particle under uniform gravity, simple and 
damped harmonic oscillator (both under-damped and over-damped). 
Sketching flows and trajectories in phase space; sketching variables as 
functions of time,
relating the equations and pictures to the underlying physical intuition.

4 November

4E Study on the behaviour of the quartic oscillator with an attractive or 
repulsive quadratic term in the potential; idea of bifurcation. Phase space 
diagram for the general motion of a pendulum and its behaviour. Oscillator 

4 November



with non-linear damping, Van-der-Pol oscillator as the example, behaviour 
in large damping limit, idea of limit cycle.

4F Discrete time dynamical systems, examples. Description by iterative map. 
Logistic map: Dynamics from time series. Cobweb iteration (using 
calculator or simple programs only). Fixed points. Parameter dependence- 
steady, periodic and chaos states. Idea of chaos and Lyapunov exponent.

7 November 
December

2nd Class Test 1 December

Paramita Mallick 

Module Module description Class Hour Period 

1 Lagrangian & Hamiltonian Dynamics 15

1A Lagrange’s  equation  for  the  cases  with  semi-holonomic  constraints. 
Evaluation of constraint forces in general. Simple problems with both time-
dependent and time independent constraints.

5 September

1B Idea  of  canonical  transformations.  Generating  functions.  Properties  of 
canonical transformation. Invariance of Poisson bracket.

6 September

1C Use of canonical transformations in solving Hamilton’s equations; harmonic 
oscillator problem as test case.

4 September
October

First class test October

2 Rigid Body Mechanics 6

2A Definition of rigid body. General motion as combination of translation and 
rotation.

2 October

2B Rotation of rigid body and the relation between its angular momentum and 
angular velocity. 

2 October

2C Moment of inertia and product of inertia. Kinetic energy of rotation. 2 November

5 Fluid Dynamics 15

5A Basic physics of fluids: The continuum hypothesis- concept of fluid element 
or fluid parcel.

1 November

5B Definition  of  a  fluid-shear  stress;  Fluid  properties-viscosity,  thermal 
conductivity, mass diffusivity, other fluid properties and equation of state. 

5 November
December

5C Flow phenomena-flow dimensionality, steady and unsteady flows, uniform 
&  non-uniform  flows,  viscous  &  inviscid  flows,  incompressible  and 
compressible flows, laminar and turbulent flows, rotational and irrotational 

5 December



flows.

5D Euler equation and Navier-Stokes equation, qualitative description of
turbulence, Reynolds number.

3 December

Second class test 1 December

                           
Evaluation methodology 

1. Internal assessment of PHSADSE02T will be through class tests only. All class tests are mandatory.  

                                                                                                 



Nuclear and Particle Physics (PHSADSE03T)
5th  semester, 2021-2022

About the Course
• Name of the course  : Nulcear and Particle Physics
• Nature of the course : Core course
• Code of the course : PHSADSE03T
• Credit point  : 6

Course Description
  The intent of this course is give the students a formal introduction to the Nuclear and Particle physics.

Course Outcomes
CO1 : Learn the ground state properties of nucleus.
CO2 :  Acquire knowledge about nuclear models, nuclear stability,  nuclear shell structure, concept of mean 
field, residual interaction and the concept of nuclear force.
CO3 : Understand nuclear decay, alpha, beta and gamma emission. Comprehend Gammow’s theory of alpha 
decay, Geiger Nuttal law. Learn about beta and gamma emission kinematics.
CO4  :  Understand  nuclear  reactions,   their  types,  conservation  laws,  kinematics,  Q value,  cross  section. 
Understand compound and direct reaction, Coulomb scattering.
CO5 :  Acquire knowledge about of  the interaction of Nuclear Radiation with matter, Bethe-Bloch formula, 
Cerenkov emission, photoelectric effect, Compton effect, neutron interaction with matter.
CO6 : Acquire basic idea about different types of nuclear detectors.
CO7 :  Acquire basic idea about different types of particle accelerators.
CO8 :  Understand different types particle interaction, symmetries and conservation laws governing particle 
interactions. Acquire basic idea of quark model and color confinement.

Relationship to other courses  
• Assumed knowledge : Good understanding of quantum physics
• Prerequisite  : None
• Follow up course :  None

Faculty : Mahuya Chakrabarti, Purnendu Chakraborty



Course Schedule (PHSADSE03T)
Faculty  Timetable Google Classroom Code

Mahuya Chakrabarti Wednesday 15:00 –17:00 Physics Laboratory

Friday 11:00 – 12:00 Physics Laboratory

2lqqi3n

Purnendu Chakraborty Friday 12:00 – 13:00 Physics Laboratory

Saturday 12:00 – 14:00 Physics Laboratory

kayc3z7

Course Outline
Unit 1 :   General Properties of Nuclei 
Constituents of nucleus and their Intrinsic properties,  quantitative facts about mass, radii,  charge density  
(matter density), binding energy, average binding energy and its variation with mass number, main features  
of  binding  energy  versus  mass  number  curve,  N/A plot,  angular  momentum,  parity,  magnetic  moment, 
electric moments, nuclear excites states.
Unit 2  :  Nuclear Models                                                   
Liquid drop model approach, semi empirical mass formula and significance of its various terms, condition of
nuclear  stability,  two  nucleon  separation  energies,  Fermi  gas  model  (degenerate  fermion  gas,  nuclear 
symmetry  potential  in  Fermi  gas),  evidence  for  nuclear  shell  structure,  nuclear  magic  numbers,  basic  
assumption of shell model, concept of mean field, residual interaction, concept of nuclear force.
Unit 3 :  Radioactivity decay                                                  
(a) Alpha decay: basics of α-decay processes, theory of α- emission, Gamow factor, Geiger Nuttall law, α- --
decay, positron emission, electron capture, neutrino hypothesis. (c) Gamma decay: Gamma rays emission & 
kinematics, internal conversion.
Unit 4: Nuclear Reactions                                                                    
Types of Reactions, Conservation Laws, kinematics of reactions, Q-value, reaction rate, reaction cross section,  
Concept of compound and direct Reaction, resonance reaction, Coulomb scattering (Rutherford scattering).
Unit 5 : Interaction of Nuclear Radiation with matter                                                                            
Energy loss due to ionization (Bethe- Block formula), energy loss of electrons, Cerenkov radiation. Gamma 
ray interaction through matter, photoelectric effect, Compton scattering, pair production, neutron interaction
with matter.
Unit 6 –  Detector for Nuclear Radiations                                                                     
Gas detectors: estimation of electric field, mobility of particle, for ionization chamber and GM Counter. Basic
principle of Scintillation Detectors and construction of photo-multiplier tube (PMT). Semiconductor Detectors  
(Si and Ge) for charge particle and photon detection (concept of charge carrier and mobility),
neutron detector.
Unit 7 –  Particle Accelerators         



Accelerator  facility  available  in  India:  Van-de  Graaff generator  (Tandem accelerator),  Linear accelerator,  
Cyclotron, Synchrotrons.
Unit 8 –  Particle Physics        
Particle interactions; basic features, types of particles and its families. Symmetries and Conservation Laws :
energy and momentum, angular momentum, parity, baryon number, Lepton number, Isospin, Strangeness and
charm, concept of quark model, color quantum number and gluons.
Reference Books

1. Nuclear Physics. J.S. Lilley.
2. Nuclear and Particle Physics. B.R. Martin.
3. Nuclear and Particle Physics, W.F. Burcham and M. Jobes.
4. An Introduction to Nuclear Physics. W. N. Cottingham and D.A. Greenwood.
5.  Introductory nuclear Physics by Kenneth S. Krane.
6. Concepts of nuclear physics by Bernard L. Cohen.
7. Introduction to the physics of nuclei & particles, R.A. Dunlap.
8. Introduction to High Energy Physics, D.H. Perkins.
9. Introduction to Elementary Particles, D. Griffith.
10. Quarks and Leptons, F. Halzen and A.D. Martin.
11. Basic ideas and concepts in Nuclear Physics - An Introductory Approach, K. Heyde.
12.  Radiation detection and measurement, G.F. Knoll.
13. Physics and Engineering of Radiation Detection, Syed Naeem Ahmed.
14. Theoretical Nuclear Physics, J.M. Blatt & V.F.Weisskopf.



Course Calendar (PHSADSE03T)
Dr. Mahuya Chakrabarti

Unit Topic Class Hour

1 General Properties of Nuclei        10

1A Constituents of nucleus and their Intrinsic properties, quantitative facts 
about mass, radii, charge density (matter density)

3 September

1B Binding energy,  average binding energy and its  variation with mass 
number

3 September

1C Main features of binding energy versus mass number curve, N/A plot, 
angular momentum, parity, magnetic moment,

2 September

1D Electric moments, nuclear excites states 1 September
1st Class Test 1 September

2 Nuclear Models 12

2A Liquid  drop  model  approach,  semi  empirical  mass  formula  and 
significance of its various terms

2 September

2B Condition of nuclear stability 1 October
2C Two nucleon separation energies, Fermi gas model (degenerate fermion 

gas, nuclear symmetry potential in Fermi gas)
2 October

2D Evidence for nuclear shell structure, nuclear magic numbers, 3 October
November

2E Basic  assumption  of  shell  model,  concept  of  mean  field  residual 
interaction, concept of nuclear force.

3 November

Class Test 1 November
5 Interaction of Nuclear Radiation with matter   (part) 3

5A Energy  loss  due  to  ionization  (Bethe-Block  formula),  energy  loss  of 
electrons, Cerenkov radiation.

3 November

6 Detector for Nuclear Radiations 8

6A Gas  detectors:  estimation  of  electric  field,  mobility  of  particle,  for 
ionization chamber and GM Counter

3 December

6B Basic  principle  of  Scintillation  Detectors  and  construction  of  photo-
multiplier tube (PMT)

2 December

6C Semiconductor Detectors (Si and Ge) for charge particle and photon 
detection (concept of charge carrier and mobility), neutron detector.

2 December

Class Test 1 December
7 Particle Accelerators 5

7A Accelerator facility available in India: Van-de Graff generator (Tandem 
accelerator)

2 January

7B Linear accelerator,  Cyclotron, Synchrotrons 2 January



Class Test 1 January

 Purnendu Chakraborty
Unit Topic Class Hour   

3 Radioactivity decay 10

3A (a) Alpha decay: basics of α-decay processes, theory of α- emission, 
Gamow factor, Geiger Nuttall law, α-decay spectroscopy

4 September

3B Beta decay, energy kinematics for beta decay positron emission, 
electron capture, neutrino hypothesis.

4 September

3C Gamma decay: Gamma rays emission & kinematics, internal 
conversion.

2 September

4 Nuclear Reactions 8

4A Types of Reactions, Conservation Laws, 1 September

4B Kinematics of reactions, Q-value, reaction rate, reaction cross section 2 October
4C Concept of compound and direct reaction 2 October
4D Resonance reaction, Coulomb scattering(Rutherford scattering) 2 October

Class test 1 October
5 Interaction of Nuclear Radiation with matter (part) 5

5B Gamma ray interaction through matter 1 November
5C Photoelectric effect, Compton scattering 2 November
5D Pair production, neutron interaction with matter 1 November

Class Test 1 November
8 Particle physics 14

8A Particle interactions; basic features 2 November
December

8B Types of particles and its families 2 December
8C Symmetries and Conservation Laws: energy and momentum, angular 

momentum, parity
3 December

8D Baryon number, Lepton number, Isospin, Strangeness and charm 2 December
8E Concept of quark model 2 December
8F Color quantum number and gluons. 2 January

Class test 1 January

Evaluation methodology

1. Internal assessment of PHSADSE03T will be through class tests..



Basic Instrumentation Skills (PHSSSEC01M)
3rd and 5th Semester, 2021-2022

About the Course
➢  Name of the Course : Basic Instrumentation skills
➢   Nature of the Course :  Skill Enhancement Course
➢   Code of the Course :  PHSSEC01M
➢   Credit point : 2 (Theory + Laboratory)
➢    Class Hours : 30 (Theory+Laboratory)

Course Description
The course is designed to develop basic instrumental skill among students.

Course Outcomes
CO1 : Develop fundamental knowledge about basic measurements. 
CO2 : Learn about electronic voltmeter.
CO3 :  Understand about CRO and its use. 
CO4 :  Acquire knowledge about signal generators.
CO5 : Acquire knowledge about impedance bridge and Q-meter.   
CO6 :  Develop knowledge about digital instruments.
CO7:  Able to handle digital multi-meter.

Relationship to other courses
This course will help students to perform laboratory class more confidently.

Course Coordinator : Dr Raghu Nath Bera

Course Schedule (PHSSSEC01M)
Faculty  Timetable Google Classroom Code

Raghu Nath Bera Tuesday 13:00 -14:00 Physics Laboratory fqbrv57



Course Outline (Theory) :
Unit 1 : Basic of Measurement
Instruments accuracy, precision, sensitivity, resolution range etc. Errors in measurements and loading 
effects. Multi-meter : Principles of measurement of dc voltage and dc current, ac voltage, ac current and 
resistance. Specifications of a multi-meter and their significance.
Unit 2 : Electronic Voltmeter  
Advantage over conventional multi-meter 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 diagram ac millivoltmeter, specifications and their significance.
Unit 3 : 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.

Use of CRO for the measurement of voltage (dc and ac frequency, time period. Special features of dual 
trace. Introduction to digital oscilloscope, probes. Digital storage Oscilloscope: Block diagram and principle 
of working. 
Unit 4 : Signal Generators and Analysis Instruments
Block diagram, explanation and specifications of low frequency signal generators. Pulse generator, and 
function generator. Brief idea for testing, specifications. Distortion factor meter, wave analysis.
Unit 5 : Impedance Bridges & Q-Meters
Block diagram of bridge : working principles of basic (balancing type) RLC bridge. Specifications of RLC 
bridge. Block diagram & working principles of a Q- Meter. Digital LCR bridges.
Unit 6 :  Digital Instruments
Principle and working of digital meters. Comparison of analog & digital instruments. Characteristics of a 
digital meter. Working principles of digital voltmeter
Unit 7 :  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
Reference Books
1) A text book in Electrical Technology - B L Theraja - S Chand and Co.
2) Performance and design of AC machines - M G Say, ELBS Edn.
3) Digital Circuits and systems, Venugopal, 2011, Tata McGraw Hill.
4) Logic circuit design, Shimon P. Vingron, 2012, Springer.
5) Digital Electronics, Subrata Ghoshal, 2012, Cengage Learning.



6) Electronic Devices and circuits, S. Salivahanan & N. S.Kumar, 3rd  Ed., 2012, Tata Mc-Graw Hill
7) Electronic circuits: Handbook of design and applications, U.Tietze, Ch.Schenk, 2008, Springer
8) Electronic Devices, Thomas L. Floyd, 2008, Pearson India   

Course calendar (Theory)
Unit Topic Class 

Hour
Month

1.Basic of 
Measurement

Basic  idea  about  measuring  instruments:  Accuracy,  precision,  sensitivity, 
resolution range etc. Errors in measurements and loading effects.
Multimeter:  Principles  of  measurement  of  DC  &  AC  voltage,  current  and 
resistance. Specifications of a multimeter and their significance.

2 September

2.Electronic 
Voltmeter
 

Advantage of electronic voltmeter over conventional multimeter. 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 diagram ac millivoltmeter, specifications and their 
significance.

2 September

3.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.
Use  of  CRO for  the  measurement  of  voltage  (dc  and  ac  frequency,  time 
period.  Special  features  of  dual  trace,  introduction  to  digital  oscilloscope, 
probes. Digital storage Oscilloscope: Block diagram and principle of working.
Signal  a)  Electronic  components  and measuring  devices  and their  general 
characteristics

3 October

4.Signal 
Generators 
and Analysis 
Instruments

Block  diagram,  explanation  and  specifications  of  low  frequency  signal 
generators.  Pulse generator,  and function generator.  Brief  idea for  testing, 
specifications. Distortion factor meter, wave analysis

2 November

5.  Impedance 
Bridges  &  Q-
Meters

Block diagram of bridge: working principles of basic (balancing type) RLC 
bridge. Specifications of RLC bridge. Block diagram & working principles of a 
Q- Meter. Digital LCR bridges.

2 November

6.Digital 
Instruments

Principle  and  working  of  digital  meters.  Comparison  of  analog  &  digital 
instruments. Characteristics of a digital meter. Working principles of digital 
voltmeter

2 December

7.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

2 December



Course Outline (Laboratory)
The test of lab skills will be of the following test items :
1. Use of an oscilloscope.
2. CRO as a versatile measuring device.
3. Circuit tracing of Laboratory electronic equipment,
4. Use of Digital multimeter/VTVM for measuring voltages 
5. Circuit tracing of Laboratory electronic equipment,
6. Winding a coil / transformer.
7. Study the layout of receiver circuit.
8. Trouble shooting a circuit
9. Balancing of bridges

Laboratory Exercises
1. To observe the loading effect of a multi-meter while measuring voltage across a low resistance and high 
resistance.
2. To observe the limitations of a multimeter for measuring high frequency voltage and 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)

 Plan of Laboratory sessions
Expt 
No

Description of the Experiment Time allotted*

1 To observe the loading effect of a multimeter while measuring voltage 
across a low resistance and high resistance.

1

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

1

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

1

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

1

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

2



6 Measurement of rise, fall and delay times using a CRO. 2
7 Measurement of distortion of a RF signal generator using distortion 

factor meter.
2

8 Measurement of R, L and C using a LCR bridge/ universal bridge. 1
9 Converting the range of a given measuring instrument (voltmeter, 

ammeter)
4

*This is tentative time allocation. Students have to carry out the experiment by their own under the supervision  
of the teacher. Some students may complete it in shorter time and some may need longer time. Unavoidable  
circumstances like power cut and/or instrumental problem may also arise during experiment leading to delay.


