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Semester VII

DSC Classical Mechanics 3 1 0 2

DSE Advanced Mathematical Physics - II 3 1 0 5

Advanced Mathematical Physics - III 3 1 0 8

Advanced Quantum Mechanics - I 3 1 0 11

Atmospheric Physics and Climate Change 3 0 1 14

Nanoscience 2 0 2 18

Nuclear and Particle Detectors 3 1 0 22

Research Methodology 3 0 1 25

Semiconductor Devices - Fabrication and
Applications

2 0 2 29

Semester VIII

DSC 3 1 0 32

DSE Advanced Quantum Mechanics - II 3 1 0 34

3 1 0 37

Digital Signal Processing 2 0 2 40

Group Theory and Applications 3 1 0 44

Nuclear and Particle Physics 3 1 0 47

Plasma Physics 3 1 0 50

Sensors and Detectors 3 0 1 52
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B.Sc. (Honours) Physics

COURSE OBJECTIVES

To introduce variational principles and their application to derive equations of motion
for complex systems with constraints.
To deepen the understanding of foundational principles of Classical Mechanics
including Lagrangian and Hamiltonian formalisms

Theorem
To develop analytical skills to solve problems in dynamics, including those involving
rigid bodies.
To analyze the motion of particles in central force fields, and understand orbital
mechanics, including scattering phenomena.
To introduce theory of small oscillations, enabling students to analyze stability and
coupled oscillatory systems.

LEARNING OUTCOMES

By the end of this course, students will be able to:

Apply the calculus of variations to derive the Euler-Lagrange equations and use them
to analyze constrained mechanical systems.
Formulate and analyze mechanical systems using Lagrangian and Hamiltonian
formalisms.

Analyze motion in phase space and construct phase portraits
Understand the dynamics of rigid bodies.
Analyze the motion of particles under central forces and solve scattering problems.
Understand and compute normal modes and normal frequencies in small oscillation
problems.
Develop critical thinking and problem-solving skills

Course Title
and Code

Credits
Credit distribution of the course Pre-requisite of the 

courseLecture Tutorial Practical

Classical Mechanics
DSC 19

4 3 1 0 DSC 2 (Mechanics)

DISCIPLINE SPECIFIC CORE COURSE DSC 19:
CLASSICAL MECHANICS
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SYLLABUS OF DSC 19 
THEORY COMPONENT
(Hours: 45)

Unit I (10 Hours)

Variational Principle and Lagrangian Formulation
Calculus of Variation with applications. Generalized coordinates. Lagrangian, Hamilton's 
Principle, Euler-Lagrange equations of motion. Constrained systems. Cyclic coordinates and 
conserved quantities. Applications to physical systems.

Unit II (10 Hours)

Hamiltonian Formulation and Phase Space 

conservation of phase space volume. Applications to Physical Systems.   

Unit III (11 Hours)

Rigid Body Dynamics
Rotation Matrices, Euler Angles. Angular momentum and kinetic energy of rigid bodies, The 
Inertia 
Torque-free motion.  The symmetrical top with one point fixed.

Unit IV (14 Hours)

Central Force and Orbital Mechanics
Equation of motion under central force, Classification and Stability of orbits. Virial Theorem.
Bertrand's Theorem.  The Kepler Problem. Scattering in central force field, Rutherford 
scattering.
Theory of small oscillations: Linearization of equations of motion. Principal Axis 
Transformation, Normal mode analysis of forced and coupled oscillators. 

REFERENCES

Essential Readings

1. Classical Mechanics, H. Goldstein, C. P. Poole, J. L. Safko, 3/e, Pearson Education
(2014).

2. Classical Mechanics, John R. Taylor, University Science Books (2005).
3. Classical Mechanics, R. Douglas Gregory, Cambridge University Press (2015).
4. Mechanics, L. D. Landau and E. M. Lifshitz, Pergamon (2010).
5. Classical Mechanics, P. S. Joag, N. C. Rana, McGraw Hall Education (2017).
6. Classical Dynamics of particles and system, S. T. Thornton, J. B. Marion, Cengage

Learning (2012).
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7. Theory and Problems of Theoretical Mechanics, Murray R. Spiegel, McGraw Hill
Education (1997).

Additional Readings

1. Classical Mechanics, Tai L. Chow, CRC Press (2013).
2. Analytical Mechanics: Solutions to Problems in Classical Physics, I. Merches, D. Radu,

CRC Press (2015).
3. Solved Problems in Classical Mechanics, O. L. Delange and J. Pierrus, Oxford

University Press (2010).
4. Mathematical Methods of Classical Mechanics, V.I. Arnold, Springer Nature (1989).
5. Classical Mechanics: A course of lectures, A K Raychoudhuri, Oxford University Press

(1984).
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B.Sc. (Honours) Physics

Course Title 
and Code Credits

Credit distribution of the 
course Pre-requisite of the

courseLecture Tutorial Practical

Advanced 
Mathematical 

Physics II
DSE 9

4 3 1 0

Mathematical Physics-I
and Mathematical Physics-
II of this course or
Equivalent courses

COURSE OBJECTIVES

The emphasis of the course is to acquire advanced mathematical inputs while solving 
problems of interest to physicists. The course aims to introduce the students to the
principles of tensor analysis and equip them to use the concept in modelling of continuous 
media, electrodynamics, elasticity theory and the general theory of relativity. The
mathematical skills developed during course will prepare them not only for doing 
fundamental and applied research but also for a wide variety of careers.

LEARNING OUTCOMES

After completing this course, student will,
Have a knowledge and understanding of tensor analysis and tensor calculus
Be able to do computation with tensors, both in coordinates and in coordinate-free form.
Understand the transformation properties of covariant, contravariant and mixed
tensors under general coordinate transformation.
Be able to apply the concepts of tensors in anisotropic media with examples of
moment of inertia tensor, elasticity tensor and polarizability tensor.
Understand physical examples of tensors such as Moment of Inertia and
Elasticity of asymmetrical physical systems.
Be able to write down the Lorentz Transformation in four vector notation.
Understand inner product and outer product of general tensors.
Understand the concept of covariant derivatives.

DISCIPLINE SPECIFIC ELECTIVE COURSE DSE 9:
ADVANCED MATHEMATICAL PHYSICS II
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SYLLABUS OF DSE 9
THEORY COMPONENT
(Hours:45)

Unit I (12 Hours)

Cartesian Tensors: Transformation of co-
Summation Convention. Relation between direction cosines. Transformation Law for a tensor
of rank n. Sum, inner product and outer product of tensors, contraction of tensors, Quotient 
Law of tensors, symmetric and anti-symmetric tensors. Invariant tensors (Kronecker and 
Alternating Tensor). Association of anti-symmetric tensor of rank two with vectors. Vector 
algebra and calculus in tensor notation. Differentiation, gradient, divergence and curl of
Tensor Fields. Vector Identities in tensor notation

Unit II (12 Hours)

Applications of Cartesian Tensors: Equation of a Line, Angle between Lines, Projection
of a Line on another Line, Condition for Two Lines to be Coplanar and Length and Foot of 
the Perpendicular from a Point on a Line. Rotation Tensor and its properties.

Law, Electric Polarizability.

Unit III (9 Hours)

General Tensors: Transformation of co-ordinates and contravariant and covariant vectors.
Transformation law for contravariant, covariant and mixed tensors. Kronecker Delta and 
permutation tensors. Algebra of general tensors. Quotient Law general tensors. Symmetric 
and anti-symmetric tensors. Metric Tensor. Reciprocal Tensors. Associated Tensors.

Unit IV (12 Hours)

Christoffel Symbols of first and second kind and their transformation laws. Covariant 
derivative, gradient, divergence and curl of tensor fields. Minkowski Space, Four Vectors
(four-displacement, four-velocity, four-momentum, four- vector potential, four- current 
density,). Tensorial form of Lorentz Transformation.

REFERENCES

Essential Readings

1) Vector Analysis and Cartesian Tensors, 3rd edition, D. E. Bourne, P. C. Kendall, 1992
2) Cartesian Tensors, H. Jeffreys, 1931, Cambridge University Press.
3) Mathematical Methods for Physicists, H. J. Weber and G. B. Arfken, 2010, Elsevier.
4) A Brief on Tensor Analysis, J. G. Simmonds, 1997, Springer.
5) outlines series on Vector Analysis, M. Spiegel, 2nd edition, 2017.
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6) Outline Series on Tensor Calculus, D. Kay, Revised 1st edition, 2011.
7) An Introduction to Tensor Calculus and Relativity, D. F. Lawden, 2013,

Literary Licensing
8) Matrices and tensors in physics by A. W. Joshi, 1995, New Age

International Publications.

Additional Readings

1) A Guide to Vectors and Tensors, D. A. Fleisch, 2011, Cambridge Univ. Press.
2) The Feynman Lectures on Physics, Volume II, Feynman, Leighton and Sands,

2008, Narosa Publishing House.
3) Classical Electrodynamics, J. D. Jackson, 3rd edition, 2009, Wiley Publication.
4) A Primer in Tensor Analysis and Relativity, I. L. Shapiro, 1st edition, 2019, Springer.
5) Gravity-An introduction to General Relativity, J. B. Hartle, 2009,

Pearson Education.
6) A first course in general relativity, B. F. Schutz, 2004, Cambridge University Press
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B.Sc. (Honours) Physics

COURSE OBJECTIVES

To understand and apply Laplace transforms to solve ordinary differential equations,
particularly in physical systems like electric circuits.

differential equations, including partial differential equations in two and three
dimensions.
To grasp the foundational principles of group theory, including finite and continuous
groups, and understand how these abstract structures underlie symmetries in physics.

Compute Laplace transforms and inverse transforms of a variety of functions.
Use Laplace transforms to solve second-order ordinary differential equations with
physical relevance (e.g. electric circuits).
Work with finite permutation groups and construct matrix representations.
Understand the structure and representations of continuous groups and apply group
theoretical methods to angular momentum algebra and quantum mechanical
symmetries.

inhomogeneous ODEs and PDEs.

and wave propagation.

Course Title 
and Code

Credits

Credit distribution of the 
course Pre-requisite of the 

course
Lecture Tutorial Practical

Advanced 
Mathematical 
Physics III

DSE 12

4 3 1 0
Knowledge of Linear 

Algebra will be helpful.

DISCIPLINE SPECIFIC ELECTIVE COURSE DSE 12:
ADVANCED MATHEMATICAL PHYSICS - III
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SYLLABUS OF DSE 12
THEORY COMPONENT
(Hours: 45)

Unit I (15 Hours)

Laplace Transforms
Integral transform and kernels. Definition and Condition for Existence of Laplace Transform 
(LT), LT of Elementary Functions, Properties of LT. LTs of Derivatives and Integrals of 
Functions and Derivatives and Integrals of LTs. LT of Unit Step function, Dirac Delta function 
and Periodic Functions. Convolution Theorem. Inverse LT: Properties of inverse LT, Methods 
of finding inverse Laplace transforms. Solution of nonhomogeneous linear constant coefficient 
differential equations using LT.

Unit II (14 Hours)

for one-

two and three dimensional problems (PDEs). Green's function for the Laplacian operator, 
Solutio

n.

Unit III (8 Hours)

Basics of Group Theory
Groups and properties of groups, Cayley table, Subgroups, cyclic group, centre of a group, 
Cosets of a subgroup. Lagrange Theorem (No derivation). Homomorphism and Isomorphism 
of groups, Normal and conjugate subgroups. Permutation group, Cayley Theorem (no proof). 
Matrix representation of groups. 

Unit IV (8 Hours)

Continuous groups
Rotation group SO(2) and its representations. Unitary groups U(1), SU(2) and their 
Representations, Pauli matrices as SU(2) generators and their algebra. Application to angular 
momentum operators, spin systems and symmetry transformations in quantum mechanics.

REFERENCES

Essential Readings
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Additional Readings
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B.Sc. (Honours) Physics

COURSE OBJECTIVES

Equips students with the mathematical tools enabling them for transition from concrete
wavefunction-based methods to the general abstract formalism of non-relativistic
quantum mechanics.
Presents the full dynamical structure of quantum theory, including both Schrödinger
and Heisenberg pictures of time evolution, and introduce the density matrix formalism
for describing mixed and entangled states.
Formally analyzes angular momentum in quantum mechanics, with an emphasis on
operator methods, spin, and the addition of angular momentum using Clebsch Gordan
coefficients.

LEARNING OUTCOMES

At the end of this course, students will be able to 

Appreciate the necessity of abstract state vector formalism and articulate the meaning
of each postulate of quantum mechanics.
Solve time-dependent problems using both Schrödinger and Heisenberg pictures.
Understand and compute time evolution in both ket and operator formalisms.
Construct and interpret density matrices for pure and mixed states.
Use ladder operator techniques and commutation relations to solve angular momentum
problems and analyse spin systems.
Apply the Pauli exclusion principle in the context of multi-fermion systems.
Determine the angular momentum of a composite state using the concept of addition
of angular momentum and C.G. coefficients.

Course Title
and Code

Credits

Credit distribution of the 
course Pre-requisite of the 

course
Lecture Tutorial Practical

Advanced Quantum
Mechanics-I

DSE 13
4 3 1 0

Quantum Mechanics-I
(DSC 14), Mathematical 
Physics III (DSC 7) or

equivalent courses.
Knowledge of Linear 

Algebra will be helpful.

DISCIPLINE SPECIFIC ELECTIVE COURSE DSE 13 
ADVANCED QUANTUM MECHANICS - I
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SYLLABUS OF DSE 13
THEORY COMPONENT
(Hours: 45)

Unit I (13 Hours)

Abstract formulation of Quantum Mechanics
Motivation for developing a linear vector space formulation to describe quantum phenomena.

Inner product and norm, Schwarz 
Inequality. Dual space and Bra vectors. Orthonormal basis. Infinite dimensional (discrete) 
vector space. Hilbert Space of state vectors. Completeness. Dynamical observables as linear 
operators, Adjoint of a linear operator, Hermitian or self-adjoint operators, eigenvalues and 
eigenvectors. Projection operator and complete set of basis. Matrix representation of state 
vectors and operators. Unitary operators and change of basis. 

Unit II (13 Hours)

Postulates, Measurement and Observables
Postulates of quantum mechanics. Continuous basis, position and momentum representations. 
Degenerate eigenvalues and complete set of commuting observables. Generalized uncertainty 
principle.
Quantum Dynamics
Unitary time-evolution, Schrödinger equation in ket notation and correspondence with wave 
mechanics. Momentum as generator of translation in space and Hamiltonian as generator of 
translation in time. Schrödinger vs Heisenberg picture. Evolution of a system in Heisenberg 
picture with example of simple harmonic oscillator. Classical Limit.

Unit III (12 Hours)

Angular Momentum: Abstract operator approach to angular momentum, Commutation 
Relations. Ladder operators, Matrix representation of angular momentum operators and ladder 
operators, Eigenvalues and eigenvectors.
Pauli matrices and their properties. Matrix representation of Spin angular momentum 
operators. Eigenvalues, eigenvectors of S2 and Sz for spin1/2 and spin 1 systems and General 
spin state for these systems. 
Addition of angular momentum:  Clebsch-Gordan coefficients, C. G. coefficients of addition 
for j = (i) 1/2, 1/2; (ii)1/2, 1 and (iii) 1, 1 systems.

Unit IV (7 Hours)

Density matrix Formalism
Density operator and matrix, pure and mixed states, expectation value of an observable, time 
evolution of density matrix, Reduced density matrix for subsystems of a composite system 
with example of entangled spin-1/2 pair.
Identical particles: Many-particle systems, Exchange degeneracy, concept of parity, 
symmetric and anti-symmetric wavefunctions. Pauli exclusion principle. 
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REFERENCES 

Essential Readings

1. Introduction to Quantum Mechanics, D.J. Griffith, Pearson Education (2005).
2. Principles of Quantum Mechanics by R. Shankar (Springer, 3rd Edition, 2008)
3. Quantum Mechanics, B. H. Bransden and C. J. Joachain, Prentice Hall (2000).
4. Modern Quantum Mechanics, J. J. Sakurai and Jim Napolitano, Cambridge University

Press (2021).
5. Quantum Mechanics: Theory and Applications, Ajoy Ghatak and S. Lokanathan,

Laxmi Publications (2019).

Additional Readings

1. Introduction to Quantum Mechanics, Volume-I and II, C. Cohen-Tannoudji
2. The Principles of Quantum Mechanics, P.A.M. Dirac, Clarendon Press, Oxford

(1981).

3. A Text book of Quantum Mechanics, P.M. Mathews and K. Venkatesan, 2nd Ed.,
2010, McGraw Hill.

4. Introduction to Quantum Mechanics, R. H. Dicke and J. P. Wittke, Addison-
Wesley Publications, 1966.

5. Quantum Mechanics, Leonard I. Schiff, 3rd Edn. 2010, Tata McGraw Hill.
6. Quantum Mechanics, Eugene Merzbacher, 2004, John Wiley and Sons, Inc.

7. Quantum Mechanics, Walter Greiner, 4th Edn., 2001, Springer.
8. Introductory Quantum Mechanics, R. L. Liboff; 4th Ed., Addison Wesley, 2003.
9. Angular Momentum in Quantum Mechanics, A. R. Edmonds, Princeton University

Press (1996).
10. Dover Publications Inc.

(2003)

ADVISORY

The course, Advanced Quantum Mechanics-I, is essential for several courses offered in the 
one-year M.Sc. program and is also included in the syllabi of various competitive 
examinations, including CSIR-NET, JEST, and GATE.
Colleges are advised to offer this as a Discipline Specific Elective (DSE). Students who intend 
to pursue postgraduate studies or appear for competitive exams are strongly encouraged to 
choose this course as a DSE.
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B.Sc. (Honours) Physics

COURSE OBJECTIVES

This course familiarizes the students with the atmospheric processes, and vertical thermal and 
dynamical features in the lower and middle atmosphere. It enables to learn remote sensing 
techniques to explore atmospheric processes and helps to understand long term oscillations 
and fluid system dynamics which control climate change. Also, it delineates characteristics of 
pollutants and aerosols variability in the lower and middle atmosphere. Another important 
aspect would be how the different atmospheric and meteorological parameters are changing 
over a period of time from Climate change perspective.   

LEARNING OUTCOMES

By successfully completing this course students will be able to, 

dynamical processes occurring in different layers of the atmosphere.
Develop an understanding of remote sensing techniques such as radar, satellite, and lidar
systems.
Understand the origin of different atmospheric oscillations, which are prominent at
different altitudes. In addition, understating will be improved on several features of low-
and high-pressure systems and wind circulation.
Atmospheric and Ocean interaction can be learnt how they influence each other on long
term time scales connected with such as El Niño Southern Oscillations (ENSO)
Climate Change can be understood by using long term atmospheric data (both observations
and model) and further exploring and utilization of different numerical techniques for the
fine and long-term temporal and regional to global scales.
Develop the problem-solving skills using observations and conducting simulations. This
would clarify the fundamental processes and modifications under different conditions.

Course Title
and Code

Credits

Credit distribution of the 
course Pre-requisite of the 

course
Lecture Tutorial Practical

Atmospheric Physics 
and Climate Change

DSE 14
4 3 0 1

DISCIPLINE SPECIFIC ELECTIVE COURSE DSE 14
ATMOSPHERIC PHYSICS AND CLIMATE CHANGE
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SYLLABUS OF DSE 14
THEORY COMPONENT 
(Hours: 45)

Unit I (10 Hours)

General features of 

equation, Potential temperature, Atmospheric Thermodynamics, Greenhouse effect, Local 
winds, monsoons, fogs, clouds, precipitation, Atmospheric boundary layer, Sea breeze and 
land breeze. Instruments for meteorological observations including RS/RW, meteorological 
processes and convective systems, fronts, Cyclones and anticyclones, thunderstorms. 
Dynamics of Particulate Matter (PM), pollutants and meteorological parameters diurnal, 
seasonal and annual variability. PM and their effect on human health.

Unit II (13 Hours)

Atmospheric Dynamics
Scale analysis, Fundamental forces, Basic conservation laws, The Vectorial form of the 
momentum equation in rotating coordinate system, scale analysis of equation of motion, 
Applications of the basic equations, Circulations and vorticity, Atmospheric oscillations, Quasi 
biennial oscillation, annual and semi-annual oscillations, Mesoscale and general circulations.
Atmospheric Waves
Surface water waves, wave dispersion, acoustic waves, buoyancy waves, propagation of 
atmospheric gravity waves (AGWs) in a nonhomogeneous medium, Lamb wave, Rossby 
waves and its propagation in three dimensions and in sheared flow, wave absorption, non-
linear consideration.

Unit III (7 Hours)

Remote Sensing Techniques (Atmospheric Radar)
Radar equation and return signal, Signal processing and detection, Various type of atmospheric 
radars, Applications of radars to study atmospheric phenomena, Classification and properties 
of aerosols, Aerosol studies using Lidars.

Unit IV (15 Hours)

Climate Change   
understanding on sea level rise. Thermodynamics in 

climatology, long term energy balance and cycles, and rudimentary introduction to climate 
change models. Physical processes of greenhouse gases warming the planet, Impact of climate 
change in extreme weather, regional case studies focus on India subcontinent, Climate policies 
and international agreement - UNFCCC, Kyoto Protocol, Paris Agreement, Role of COP 
meetings, Concept of Net-Zero Emission, and Climate Change and public health.
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PRACTICAL COMPONENT: ATMOPHERIC PHYSICS AND CLIMATE CHANGE
(Hours: 30)

Atmospheric Physics: Scilab/Python/Matlab based simulations experiments based on 
Atmospheric Physics problems listed below. 
At least 03 Experiments from the following should be conducted.

1. Numerical Simulation for atmospheric waves using dispersion relations for
a. Atmospheric gravity waves (AGW)
b. Kelvin waves
c. Rossby waves, and
d. mountain waves.

2. Processing of radar data a. VHF radar, b. X-band radar, and c. UHF radar,
3. Offline and online processing of LIDAR data.
4. Radiosonde data and its interpretation in terms of atmospheric parameters using vertical

profiles in different regions of the globe. Suggested parameters calculations are (i)
Brunt Vaisala frequency, (ii) potential temperature, (iii) pressure-height conversion,
and (iv) thermal wind equation.

5. Handling of satellite data and plotting of atmospheric parameters using radio
occultation technique

Climate Change

Field visits to National centre for medium range weather forecasting, India meteorological 
departments, and ARIES Nainital to visualise onsite radiosonde balloon launch, simulation on 
computers and radar operations on real time basis. 

REFERENCES

Essential Readings for the Theory Component

1. Fundamental of Atmospheric Physics, M.L Salby; Academic Press, Vol 61, 1996
2. The Physics of Atmosphere John T. Houghton; Cambridge University press; 3 rd

edn. 2002.
3. An Introduction to dynamic meteorology James R Holton; Academic Press, 2004
4. Radar for meteorological and atmospheric observations S Fukao and K Hamazu,

Springer Japan, 2014

Additional Readings for the Theory Component
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References for the Practical Component

Data sources for radar, lidar, satellite and radiosondes 

1. https://www.narl.gov.in
2. http://www.imd.gov.in
3. https://www.ncmrwf.gov.in/
4. https://www.aries.res.in/
5. http://www.rish.kyoto-u.ac.jp/ear/index-e.html
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B.Sc. (Honours) Physics

COURSE OBJECTIVES

The syllabus introduces the basic concepts of nanomaterials, their synthesis, properties 
exhibited by them and finally few applications. Various nanomaterial synthesis/growth 
methods and characterizations techniques are discussed to explore the field in detail.  The effect 
of dimensional confinement of charge carries on the electrical, optical and structural properties 
will be discussed. Interesting experiments which shape this filed like conductance quantization 
in 2DEG (Integer Quantum Hall Effect) and coulomb blockade are introduced. The concept of 
micro- and nano- electro mechanical systems (MEMS and NEMS) and important applications 
areas of nanomaterials are discussed.

LEARNING OUTCOMES

On successful completion of the course students should be able to

Course Title
and Code

Credits

Credit distribution of the 
course Pre-requisite of the 

course
Lecture Tutorial Practical

Nanoscience
DSE 15

4 2 0 2

DISCIPLINE SPECIFIC ELECTIVE COURSE DSE 15
NANOSCIENCE
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SYLLABUS OF DSE 15
THEORY COMPONENT
(Hours: 30)

Unit I (11 Hours)

Introduction
Basic Introduction to Nano-Science and Technology - Implications on nanoscience on fields 
like Physics, Chemistry, Biology and Engineering, Classifications of nanostructured materials 
as quantum dots (0D), nanowires (1D), Thin films (2D) and Multi-layered materials or super 
lattices. Introduction to properties like Mechanical, Electronic, Optical, Magnetic and Thermal 
properties and how they change at Nano scale dimensions to motivate students (qualitative 
only).
Nanoscale Systems
Brief review of Schrodinger equation and its applications in- Infinite potential well, potential 
step and potential box problems, Band Structure and Density of states of 3D and 2D systems 
in detail and qualitatively for 1D and 0D, confinement of charges in nanostructures their 
consequences on electronic and optical properties.

Unit II (10 Hours)

Properties of Nano Scale systems
Time and length scales (diffusion, elastic and inelastic lengths etc.) of electrons in 
nanostructured materials, Carrier transport in nanostructures: diffusive and ballistic transport.
2D nanomaterials: Conductance quantization in 2DEG in GaAs and integer quantum hall 
effect (semi-classical treatment)
1D nanomaterials: Conductance quantization in 1D structures using split gate in 2DEG 
system (Qualitative).
0D nanomaterials: Charging effect, Coulomb Blockade effect, Single Electron Transfer 
(SET) device.
Basic understanding of excitons in semiconductors and their consequence on optical properties 
of the material

Unit III (5 Hours)

Synthesis of Nanomaterials (Qualitative)
Top-down and Bottom-up approach, Ball milling, Spin Coating
Vacuum deposition: Physical vapor deposition (PVD): Thermal evaporation, Sputtering, 
Chemical vapor deposition (CVD). Preparation of colloidal solutions of Metals, Metal Oxide 
nanoparticles

Unit IV (4 Hours)

Applications (Qualitative) 
Micro Electromechanical Systems (MEMS), Nanoelectromehanical Systems (NEMS). 
Applications of nanomaterials as probes in medical diagnostics and targeted drug delivery, 
sunscreen, lotions, and paints and other examples to give broader perspective of applications 
of nanomaterials.
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PRACTICAL COMPONENT: NANOSCIENCE
(Hours: 60)

At least 06 experiments from the following:

1. Synthesis of metal (e.g. Ag) nanoparticles by chemical route and study its optical
absorption properties.

2. Synthesis of semiconductor (CdS/ZnO/TiO2/Fe2O3 etc) nanoparticles and study its
Optical Absorption properties as a function of ageing time.

3. Surface Plasmon study of metal nanoparticles as a function of size by UV-Visible
spectrophotometer.

4. Analysis of XRD pattern of given nanomaterial and estimate lattice parameters and
particle size.

5. To study the effect of the size nanoparticles on its color.
6. To prepare composite of CNTs with other materials and study their optical

absorption/Transmission properties.
7. Growth of metallic thin films using thermal evaporation technique.
8. Prepare a ceramic disc of a given compound and study its I-V characteristics, measure

its dielectric constant or any other property.
9. Fabricate a thin film of nanoparticles by spin coating (or chemical route) and study its

transmittance spectra in UV-Visible region.
10. Prepare thin film capacitor and measure capacitance as a function of temperature or

frequency.
11. Fabricate a PN junction diode by diffusing Al over the surface of N-type Si/Ge and

study its V-I characteristic.
12. Fabricate thin films (polymer, metal oxide) using electro-deposition
13. To study variation of resistivity or sheet resistance with temperature of the fabricated

thin films using four probe method.

REFERENCES

Essential Readings for the Theory Component
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Additional Readings for the Theory Component

References for the Practical Component
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B.Sc. (Honours) Physics

Course Title &
Code

Credits

Credit distribution of the 
course Pre-requisite of

the courseLecture Tutorial Practical

Nuclear and Particle 
Detectors
DSE 16

4 3 1 0

COURSE OBJECTIVES

This course introduces students to the principles and applications of detectors used in various 
fields of Physics, including Particle physics, Astrophysics, Nuclear physics and Medical 
physics. The course covers the theory of detectors, their design and operation including 
electronic readout systems and signal processing.

LEARNING OUTCOMES

To understand the different types of detectors used in physics experiments.
To learn the design construction and operation of detectors.
To acquire knowledge of electronic readout systems and signal processing.
To apply the principles of detectors in solving problems in various fields of physics.

SYLLABUS OF DSE 16
THEORY COMPONENT
(Hours: 45)

Interaction of Nuclear Radiation with matter
Interaction of radiation for light ions (electrons) and heavy charge particles, neutron and 
photons with matter. Energy loss due to ionization (Bethe-Block formula), for both light and 
heavy -ions, Cerenkov radiation. Gamma ray interaction with matter. Neutron interaction with 
matter. 
Introduction to detectors
Definition of detectors, various types of detectors and their classification. Basic principle of 
detector operation and its modes of operation, pulse height spectra, various detector 
performance parameters: response time, energy resolution, fano factor, efficiency: intrinsic and 
extrinsic, dead time.

DISCIPLINE SPECIFIC ELECTIVE COURSE DSE 16
NUCLEAR AND PARTICLE DETECTORS
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Unit II (18 Hours)

1. Radiation detection and measurement: G F Knoll, John Wiley & Sons, 2010.
2. Techniques for Nuclear and Particle Physics experiments by WR Leo, Springer, 1994.
3. Nuclear Radiation Detectors: S. S. Kapoor, V. S. Ramamurthy. 1st Edition, John Wiley

& Sons.
4. Physics and Engineering of Radiation Detection: S N Ahmed, Academic Press Elsevier,

2007.
5. Semiconductor Detectors: New Developments, E. Gatti and P. Rehak. 2002. Springer.
6. Principles of radiation interaction in matter and detection: C. Leroy and P.G. Rancoita.

3rd ed. World scientific.
7. Radiation Detection for Nuclear Physics Methods and industrial applications: D.

Jenkins.
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8. Advanced Nuclear Radiation Detectors Materials, processing, properties and
applications: Ashok K Batra. IOP Publishing.

9. Measurement and Detection of Radiation: Nicholas Tsoulfanidis Et Al, Fourth Edition,
T and F CRC.

10. Principles of nuclear radiation detection: Geoffrey G. Eichholz, John W, Poston. CRC
group of publishers.

11. Introduction to Nuclear Radiation Detectors: 2 (Laboratory Instrumentation and
Techniques) P. Ouseph, Springer.
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B.Sc. (Honours) Physics

Course Title 
and Code Credits

Credit distribution of the 
course Pre-requisite of

the course
Lecture Tutorial Practical

Research 
Methodology

DSE 11

4 3 0 1
Basic ICT related

skills

COURSE OBJECTIVES

This course has been designed to explore the basic dimensions of research and to impart 
quantitative and qualitative knowledge for conducting meaningful research. Starting from the 
philosophy of research, through awareness about the publication ethics and misconducts, this 
course covers all the methodological and conceptual issues required for a successful conduct 
of research. It gives an overview of research techniques, data management and analysis, and 
commonly used statistical methods in physical sciences.

LEARNING OUTCOMES

After successful completion of this course, students will be trained in the following.

SYLLABUS OF DSE 11
THEORY COMPONENTS
(Hours: 45)

Unit I (6 Hours)

Introduction to research methodology
Brief history of scientific method and research, role and objectives of research, basic tenets of 
qualitative research; research problem and review of literature: identifying a research 
problem (philosophy and meaning of research, identification and definition of research
problem, formulation of research problem, sources of prejudice and bias); literature survey 

DISCIPLINE SPECIFIC ELECTIVE COURSE DSE 11  
RESEARCH METHODOLOGY 
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(open-source and paid tools for keeping track of the literature)

Unit II (15 Hours)

Data collection, analysis and interpretation
Methods of data collection: survey, interview, observation, experimentation and case study; 
Descriptive statistics: Measures of central tendency (mean, median, mode) and dispersion 
(range, standard deviation).
Inferential statistics: Hypothesis testing, Z test, T test; regression analysis (basic concepts of 
multiple linear regression analysis and theory of attributes).
Curve fitting using linear and nonlinear regression (parameter space, gradient search method
and Marquardt method).
Role of simulation, calibration methods, error analysis, and background handling in
experimental design.

Unit III    (7 Hours)

Journals, Database and Research Metrics
Journals: Free, open source and paid journals, concept of peer reviewed journals, predatory 
and fake journals.
Databases: Indexing databases; citation databases (Web of science, Scopus); experimental 
physics databases (astrophysics (ADS, NED, SIMBAD, VizieR), biophysics (PubMed),
particle physics (INSPIRE, CDS), condensed matter physics (X-ray database))
Research Metrics: Journal impact factor, SNIP, SJR, IPP, cite score; metrics (h-index, g
index, i10 index, altmetrics), variations in research metrics across various disciplines, other 
limitations of the research metrics and impact factors

Unit IV (8 Hours)

Scientific Conduct and Publication Ethics
Current understanding of ethics; intellectual honesty and research integrity; communicating 
errors (erratum, correction and withdrawal); records and logs (maintaining records of 
samples, raw data, experimental protocols, observation logs, analysis calculations, and 
codes); scientific publication misconducts: plagiarism (concept, importance, methods and
ways to detect and avoid plagiarism) and redundant publications (salami slicing, duplicate 
and overlapping publications, selective reporting and misrepresentation of data);
environmental and other clearances (waste management, disposal of hazardous waste). 
COPE guidelines on best practices in publication ethics

Unit V (5 Hours)

Scientific Writing and Software Tools
Writing a research paper and report: introduction, motivation, scientific problem, its
methodology, any experimental set up, data analysis, discussion of results, conclusions 
Referencing formats (APA, MLA) and bibliography management
Graphical software (open source, magic plot, gnu plot, origin); presentation tools (beamer)
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Unit VI (4 Hours)

Intellectual Property Right and Research Funding
Basic concepts and types of intellectual property (patent, copyright and trademark)
Role of funding agencies in research, overview of various funding agencies (DST-SERB,
UGC, CSIR, BRNS, DRDO), national and international research project grants and 
fellowships

PRACTICAL COMPONENT: RESEARCH METHODOLOGY
(Hours: 30)

Students should perform at least 6 experiments from the following list, such that all the
units mentioned below are covered.

Unit 1:

Unit 2:

Unit 3:

Unit 4:
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REFERENCES

Essential Readings

Additional Readings

M. H. Davis, 2000, West Group Publishers
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B.Sc. (Honours) Physics

Course Title and
Code

Credits
Credit distribution of the 

course Pre-requisite of
the courseLecture Tutorial Practical

Semiconductor Devices -
Fabrication and 

Applications
DSE 17

4 2 0 2

COURSE OBJECTIVES

LEARNING OUTCOMES

At the end of this course, students will be able to achieve the following learning outcomes: 

SYLLABUS OF DSE 17
THEORY COMPONENT
(Hours: 30)

Unit I (9 Hours)

Introduction: Review of energy bands in materials. Metal, Semiconductor and Insulator. 
Doping in Semiconductors, Defects: Point, Line, Schottky and Frenkel. Single Crystal, 

DISCIPLINE SPECIFIC ELECTIVE COURSE DSE 17
SEMICONDUCTOR DEVICES - FABRICATION AND 

APPLICATIONS
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Polycrystalline and Amorphous Materials. Czochralski technique for Silicon Single Crystal 
Growth. Silicon Wafer Slicing and Polishing.         

Vacuum Pumps: Primary Pump (Mechanical) and Secondary Pumps (Diffusion, 
Turbomolecular, Cryopump, Sputter - Ion) basic working principle, Throughput and 
Characteristics in reference to Pump Selection. Vacuum Gauges (Pirani and Penning).

Unit II (10 Hours)

Thin Film Growth Techniques and Processes: Sputtering, Evaporation (Thermal, 
electronBeam), Pulse Laser Deposition (PLD), Chemical Vapor Deposition (CVD). Epitaxial 
Growth. 
Thermal Oxidation Process (Dry and Wet) Passivation. Metallization. Diffusion. 

Unit III (7 Hours)

VLSI Processing: Clean Room Classification, Line width, Photolithography: Resolution and 
Process, Positive and Negative Shadow Masks, Photoresist, Step Coverage, Developer. 
Electron Beam Lithography. Etching: Wet Etching. Dry etching (RIE and DRIE). Basic 
Fabrication Process of R, C, P-N Junction diode, BJT, JFET, MESFET, MOS, NMOS, PMOS 
and CMOS technology. Wafer Bonding, Wafer Cutting, Wire bonding and Packaging issues 
(Qualitative idea).

Unit IV (4 Hours)

Micro Electro-Mechanical System (MEMS): Introduction to MEMS, Materials selection for 
MEMS Devices, Selection of Etchants, Surface and Bulk Micromachining, Sacrificial 
Subtractive Processes, Additive Processes, Cantilever, Membranes. General Idea MEMS based
Pressure, Force, and Capacitance Transducers.      

PRACTICAL COMPONENT: SEMICONDUCTOR DEVICES - FABRICATION AND
APPLICATIONS
(Hours: 60)

At least 06 experiments from the following:
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REFERENCES 

Essential Readings for the Theory Component

1. Physics of Semiconductor Devices, S. M. Sze. Wiley-Interscience.
2. Fundamentals of Semiconductor Fabrication, S.M. Sze and G. S. May, John-Wiley

and Sons, Inc.
3. Introduction to Semiconductor materials and Devices, M. S. Tyagi, John Wiley &

Sons VLSI Fabrication Principles (Si and GaAs), S. K. Gandhi, John Wiley & Sons,
Inc.

Additional Readings for the Theory Component

Handbook of Thin Film Technology, Leon I. Maissel and Reinhard Glang.

References for the Practical Component
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B.Sc. (Honours) Physics

COURSE OBJECTIVES

This course provides a strong foundation for advanced study in theoretical and applied 
physics, and prepares students for research or technical roles in fields involving 
thermodynamic systems, statistical modelling and complex systems. 

LEARNING OUTCOMES

Upon successful completion of this course, students will be able to:

Course Title
and Code

Credits

Credit distribution of the 
course Pre-requisite of the 

course
Lecture Tutorial Practical

Advanced Statistical 
Mechanics

DSE 19
4 3 1 0

ADVANCED STATISTICAL MECHANICS
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Unit I (8 hours)

Review of Microcanonical and Canonical Ensembles
Macrostates, microstates, phase space, microcanonical ensemble (no derivation), partition 
function and its use in finding various thermodynamic quantities (no derivation). Examples of 
systems with finite and infinite energy levels using microcanonical and canonical ensemble 
approaches. 

Unit II (12 hours)

Grand Canonical Ensemble
Equilibrium between a system and a particle-energy reservoir, a system in grand canonical 
ensemble, physical significance of various statistical quantities, density and energy fluctuations 
in grand canonical ensemble: correspondence with other ensembles, relation between canonical 
partition function and grand canonical partition function.

Unit III (12 Lectures)

Quantum Mechanical Ensembles
Basic idea of quantum-mechanical ensemble theory. Density matrix of microcanonical, 
canonical and grand canonical ensembles, Particle in a box and quantum harmonic oscillator.

Unit IV (13 Lectures)

Interacting Systems 
Introduction to the Ising model. Exact solution of Ising model in one dimension. Mean field 
approximation. 

REFERENCES

Essential Readings

Additional Readings
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ADVISORY

The course, Advanced Statistical Mechanics, is essential for several courses offered in the one-
year M.Sc. program and is also included in the syllabi of various competitive examinations, 
including CSIR-NET, JEST, and GATE. 
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B.Sc. (Honours) Physics

COURSE OBJECTIVES

This course aims to:

Introduce and develop approximation methods for solving quantum systems where
exact solutions are not possible, including both time-independent and time-dependent
approaches.
Strengthen understanding of the interaction picture and its role in quantum dynamics.
Equip students with the tools of scattering theory, including formal techniques like the
Lippmann
Provide a conceptual and mathematical foundation for advanced topics in quantum
physics such as quantum field theory, quantum optics, and condensed matter physics.

LEARNING OUTCOMES

At the end of this course, students will be able to 

Apply key approximation methods including time-independent perturbation theory, and
the variational method to compute approximate energy levels and wavefunctions in
stationary quantum systems.
Analyze quantum systems under time-dependent perturbations using the interaction

a continuum of final states.
Formulate and solve quantum scattering problems using ket formalism, Lippmann
Schwinger equations, and the Born approximation.
Perform partial wave analysis and interpret scattering processes through phase shifts,
S-matrix properties, and the optical theorem.

Course Title
and Code

Credits

Credit distribution of the 
course Pre-requisite of the course

Lecture Tutorial Practical

Advanced Quantum 
Mechanics-II

DSE 18
4 3 1 0

Quantum Mechanics (DSC 
14), and Advanced Quantum 

Mechanics-I (DSE 13)

DISCIPLINE SPECIFIC ELECTIVE COURSE DSE 18:
ADVANCED QUANTUM MECHANICS - II
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SYLLABUS OF DSE 18
THEORY COMPONENT
(Hours: 45)

Unit I (14 Hours)

Approximation Methods for Stationary Systems
Time-independent perturbation theory up to second order perturbation for non- degenerate case
with applications to perturbed potential wells, linear harmonic oscillator with perturbed force
constant ( ), charged harmonic oscillator in a weak electric field. First order 
perturbation for anharmonic oscillator with cubic and quartic terms.
Degenerate systems with application to spin-orbit coupling and fine structure of hydrogenic 
atom, Zeeman effect (weak and strong field). 
Variational method and its applications to ground state of simple harmonic oscillator and 
Helium atom, electron interaction energy and extension of variational method to excited states.

Unit II (14 Hours)

Approximation Methods for time-dependent perturbations
Interaction picture. Time-dependent perturbation theory (up to first order perturbation).  

Application to constant and harmonic perturbations. Sudden and adiabatic approximations

Unit III (10 Hours)

Scattering: Wave packet description of scattering, scattering amplitude, differential and total 
cross section.  Lippmann-
function method.  Born approximation and applications to central potentials. Definition and 
properties of S-Matrix.

Unit IV (7 Hours)

Partial wave analysis: Asymptotic behaviour of partial waves, Phase shifts and angular 
momentum decomposition, Optical theorem and conservation of probability.

REFERENCES 

Essential Readings

1. Introduction to Quantum Mechanics, D.J. Griffith, Pearson Education (2005).
2. Modern Quantum Mechanics, J. J. Sakurai and Jim Napolitano, Cambridge University

Press (2021).
3. Quantum Mechanics, Eugene Merzbacher, John Wiley and Sons, Inc (2004).
4. Quantum Mechanics: Theory and Applications, Ajoy Ghatak and S. Lokanathan,

Laxmi Publications (2019).
5. Quantum Mechanics, B. H. Bransden and C. J. Joachain, Prentice Hall (2000).

Additional Readings

11. Principles of Quantum Mechanics, R. Shankar, Springer (2008).
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12. Introduction to Quantum Mechanics, Volume-I and II, C. Cohen-Tannoudji, Bernard
Diu, and Franck Laloë, Wiley-VCH (2020).

13. Introduction to Quantum Mechanics, R. H. Dicke and J. P. Wittke, Addison-
Wesley Publications (1966).

14. Quantum Mechanics, Leonard I. Schiff, Tata McGraw Hill (2010).
15. Quantum Mechanics, Walter Greiner, Springer (2001).
16. Quantum Mechanics, Albert Messiah, Dover Publications Inc. (2014)
17. Scattering Theory of Waves and Particles, R. G. Newton, Springer-Verlag Berlin and

Heidelberg GmbH & Co. (2014

ADVISORY

The course, Advanced Quantum Mechanics-II, is essential for several courses offered in the 
one-year M.Sc. program and is also included in the syllabi of various competitive 
examinations, including CSIR-NET, JEST, and GATE.
Colleges are advised to offer this as a Discipline Specific Elective (DSE). Students who intend 
to pursue postgraduate studies or appear for competitive exams are strongly encouraged to 
choose this course as a DSE.
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B.Sc. (Honours) Physics

COURSE OBJECTIVES

This course provides a rigorous understanding of the behavior of charges and electromagnetic 
fields, motion in fields, and the fundamentals of radiation. Students will gain both theoretical 
insight and computational tools needed in advanced physics.

LEARNING OUTCOMES

After completing this course, students will be able to:

SYLLABUS OF DS 20
THEORY COMPONENT 
(Hours: 45)

Unit I (15 Hours)

and Lorentz gauges. Lorentz transformations in 4-vectors notation. Transformation of electric 
and magnetic fields.
EM field tensor: Construction and interpretation of F
equations. Lorentz invariants E2 B2 and .

Unit II     (8 Hours)

Lorentz force in relativistic form. Charged particle trajectories in static electric and magnetic 
fields. Crossed E and B fields, guiding center approximation: Velocity and curvature drifts.

Course Title
and Code

Credits

Credit distribution of the 
course Pre-requisite of the course

Lecture Tutorial Practical

Electrodynamics
DS  20 4 3 1 0 equations, and basic Special 

Relativity

DISCIPLINE SPECIFIC DS :
ELECTRODYNAMICS
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Unit III (14 Hours)

oscillating charges, radiation zones. Multipole expansion: dipole and quadrupole. Lienard -
tion of radiation. 

Centre-fed linear antennas.

Unit IV (8 Hours)

Lagrangian for free relativistic particles. Systems with infinite degrees of freedom: Classical 
fields. Lagrangian for charged particles in EM fields and free EM fields. Energy-momentum 
tensor and conservation laws.

REFERENCES

Essential Readings

Additional Readings
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B.Sc. (Honours) Physics

COURSE OBJECTIVES

LEARNING OUTCOMES 

At the end of this course, students will be able to develop following learning outcomes: 

Course Title
and Code

Credits

Credit distribution of the 
course Pre-requisite of the 

course
Lecture Tutorial Practical

Digital Signal 
Processing

DSE 20
4 2 0 2

DISCIPLINE SPECIFIC ELECTIVE COURSE DSE 20:
DIGITAL SIGNAL PROCESSING
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SYLLABUS OF DSE 20
THEORY COMPONENT
(Hours: 30)

Unit I (7 Hours)

Discrete-Time Signals and Systems: Classification of Signals, Transformations of the 
Independent Variable, Periodic and Aperiodic Signals, Energy and Power Signals, Even and 
Odd Signals, Discrete-Time Systems, System Properties. Impulse Response, Convolution 
Sum; Graphical and Analytical Method, Properties of Convolution (General Idea); Sum 
Property System Response to Periodic Inputs, Relationship Between LTI System Properties 
and the Impulse Response.  

Unit II (9 Hours)

Discrete-Time Fourier Transform: Fourier Transform Representation of Aperiodic Discrete-
Time Signals, Periodicity of DTFT, Properties; Linearity; Time Shifting; Frequency Shifting; 
Differencing in Time Domain; Differentiation in Frequency Domain; Convolution Property. 
The z-Transform: Bilateral (Two-Sided) z-Transform, Inverse z- Transform, Relationship 
Between z-Transform and Discrete-Time Fourier Transform, z-plane, Region-of-
Convergence; Differentiation in the z-Domain; Power Series Expansion Method (General 
Idea). Transfer Function and Difference-Equation System.

Unit III (10 Hours)

Filter Concepts: Phase Delay and Group delay, Zero-Phase Filter, Linear-Phase Filter, Simple 
FIR Digital Filters (only qualitative treatment).
Discrete Fourier Transform: Frequency Domain Sampling (Sampling of DTFT), Discrete 
Fourier Transform (DFT) and its Inverse, DFT as a Linear transformation, Properties; 
Periodicity; Linearity; Circular Time Shifting; Circular Frequency Shifting; Circular Time 

general idea), Linear Convolution 
Using the DFT (Linear Convolution Using Circular Convolution).

Unit IV (4 Hours)

Realization of Digital Filters: FIR Filter structures; Direct-Form; Cascade-Form
Finite Impulse Response Digital Filter: Advantages and Disadvantages of Digital Filters, 
Types of Digital Filters: FIR Filters.

PRACTICAL COMPONENT: DIGITAL SIGNAL PROCESSING
(Hours: 60)

Sessions on the review of experimental data analysis, sources of error and their estimation in 
detail, writing of scientific laboratory reports including proper reporting of errors and 
application to the specific experiments done in the lab.

At least 06 experiments from the following using Scilab/Matlab/Python.
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1. Write a program to generate and plot the following sequences: (a) Unit sample sequence
, (b) unit step sequence u(n), (c) ramp sequence r(n), (d) real valued exponential

sequence for .
2. Write a program to compute the convolution sum of a rectangle signal (or gate function)

with itself for N = 5

3. An LTI system is specified by the difference equation: y(n)=0.8y(n-1)+x(n)
(a) Determine 
(b) Calculate and plot the steady state response y(n) to 

4. Given a casual system y(n)=0.9y(n-1)+x(n)
(a) Find H(z) and sketch its pole-zero plot
(b) Plot the frequency response and 

5. Design a digital filter to eliminate the lower frequency sinusoid of x(t)=sin7t+sin200t.
The sampling frequency is 500 Hz. Plot its pole zero diagram, magnitude response,
input and output of the filter.

6. Let x(n) be a 4-point sequence:

Compute the DTFT and plot its magnitude
(a) Compute and plot the 4 point DFT of x(n)
(b) Compute and plot the 8 point DFT of x(n) (by appending 4 zeros)
(c) Compute and plot the 16 point DFT of x(n) (by appending 12 zeros)

7. Let x(n) and h(n) be the two 4-point sequences,
x(n)={1,2,2,1} h(n)={1,-1,-1,1}

Write a program to compute their linear convolution using circular convolution.
8. Using a rectangular window, design a FIR low-pass filter with a pass-band gain of

unity, cut off frequency of 1000 Hz and working at a sampling frequency of 5 KHz.
Take the length of the impulse response as 17.

9. Design an FIR filter to meet the following specifications:

Passband edge Fp=2 KHz
Stopband edge Fs=5 KHz
Passband attenuation Ap=2 dB
Stopband attenuation As=42 dB
Sampling frequency Fsf=20 KHz

10. The frequency response of a linear phase digital differentiator is given by

Using a Hamming window of length M = 21, design a digital FIR differentiator. Plot 
the amplitude response 
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REFERENCES 

Essential Readings for the Theory Component

University Press.

Additional Readings for the Theory Component

References for the Practical Component
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B.Sc. (Honours) Physics

Course 
Title and 

Code
Credits

Credit Distribution of the Course
Pre-requisite of the

courseLecture Tutorial Practical

Group 
Theory and 
Application

DSE 21

4 3 1 0
Knowledge of Linear 

Algebra is recommended

COURSE OBJECTIVES 

LEARNING OUTCOMES

After completing this course, students will be able to:

DISCIPLINE SPECIFIC ELECTIVE COURSE DSE 21:
GROUP THEORY AND ITS APPLICATIONS 
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SYLLABUS OF DSE 21
THEORY COMPONENT
(Hours: 45)

Unit I (13 Hours)

Basics of Group Theory
Symmetry and Groups, Properties of groups, Abelian and non-abelian groups. Cayley Table 

Theorem. Direct Sum and Direct Product of Groups.
Homomorphism and Isomorphism of Groups. Kernel and Image of Homomorphism. 
Representations of Groups.

Unit II (12 Hours)

Finite Groups and Representations

and Simple groups. Conjugate Subgroups and conjugacy classes. Dihedral Groups. Classes, 
Unitary representations, Reducible and Irreducible representations of finite gr
Lemma. Great Orthogonality Theorem and Character Table. Dimensionality Theorem. Direct 
product of representation and representation of Direct Product Groups.

Unit III (10 Hours)

Continuous Groups
U (1) group, Lie Groups and Generators of Group. Lie Algebra and Jacobi Identity. Orthogonal
Lie Groups. Rotation group in 2 and 3 dimensions: SO(2), SO(3) and their generators. Unitary 
Lie Groups: SU(2), SU(3) and their generators. Homomorphism of SU(2) and SO(3). 
Homogenous Lorentz Group.  

Unit IV (10 Hours)

Applications in Physics
SU(2) and quantum spin: Irreducible representation of SU(2) and their relation to spin. Direct 
Product of representations and Addition of Angular momentum. Clebsch-Gordan 
Decomposition and Coefficients.
Crystal Symmetry: Point Groups and examples, Point group and its character table. 
Significance of character table in studying crystal properties.
Space Groups and examples, Space Group P4mm corresponding to the point group .

REFERENCES

Essential Readings
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Additional Readings
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B.Sc. (Honours) Physics

Course Title
and Code Credits

Credit Distribution of the Course Pre-requisite of 
the

course
Lecture Tutorial Practical

Nuclear and 
Particle Physics 

DSE 22
4 3 1 0

COURSE OBJECTIVE

The objective of the course is to impart the understanding of the sub atomic particles and their 
properties. It will emphasize to gain knowledge about the different nuclear techniques and their 
applications in different branches Physics and societal application. The course will focus on 
the developments of problem-based skills.

LEARNING OUTCOMES

DISCIPLINE SPECIFIC ELECTIVE COURSE - DSE  22:
NUCLEAR AND  PARTICLE PHYSICS 
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SYLLABUS OF DSE 22
THEORY COMPONENT
(Hours: 45)

Unit I (15 Hours)

General Properties of Nuclei and Nuclear Models: Constituents of nucleus and their 
Intrinsic properties. Fermi gas model (degenerate fermion gas, nuclear symmetry potential in 
Fermi gas). Single Particle Shell Model (Concept of mean field and spin orbit coupling), 
Estimation of Spin parity and electromagnetic moments for ground state configuration for 
even- even, even -odd and odd-odd nuclei. Basic concept of Collective Model and deformed 
shell model.

Unit II (10 Hours)

Nuclear Reactions: Types of Reactions, Units of related physical quantities, Conservation 
Laws, Kinematics of reactions, Q-value, Reaction rate, Reaction cross section, Concept of 
compound and direct reaction, Coulomb scattering (Rutherford scattering). 

Unit III (8 Hours)

Interaction of Nuclear Radiation with matter: Interaction of radiation for light ions 
(electrons) and heavy charge particles, neutron and photons with matter. Energy loss due to 
ionization (Bethe-Block formula), for both light and heavy-ions, Cerenkov radiation. Gamma 
ray interaction with matter. Neutron interaction with matter. 

Unit IV (12 Hours)

Particle Physics: Overview of Particle spectrum and their interactions in the Standard Model. 
Range, time-scale and relative strength of interactions. Interactions at a distance mediated by 
virtual particles (Exchange Force).  
Requirement of High Energy Colliders to probe the constituents of nucleon, Linear and circular 
colliders, Inelastic collisions at Hadron colliders.  Brief idea about Large Hadron Collider 
experiment and Indian ALICE and CMS and collaborations.
Kinematics for  scattering processes and Crossing symmetries of scattering amplitudes.  
Angular and energy distributions of decaying particles in  decay processes (muon decay 
/ beta decay).  
Lepton and Baryon quantum numbers. Isospin, Strangeness and Hypercharge. Gell-Mann-
Nishijima formula. Parity and Charge conjugation of a particle state.   Time Reversal and 
General CPT theorem.
Valence quark model of Murray Gell-Mann and Yuval Ne'eman, current and constituent 
masses of quarks, flavor symmetry Isospin triplets, Baryon octet and decuplet, Meson octet. 

++ state and necessity for color quantum number. Evidence for color triplet 
quarks from e+e- annihilation experiment.
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REFERENCES

Essential Readings

For Nuclear Physics
1. Basic ideas and concepts in Nuclear Physics: An introductory approach by K Heyde,

third edition, IOP Publication, 1999.
2. Introductory Nuclear Physics by K S Krane, Wiley-India Publication, 2008.
3. Nuclear Physics by S N Ghoshal, First edition, S. Chand Publication, 2010.
4. Nuclear Physics: principles and applications by J Lilley, Wiley Publication, 2006.
5. Concepts of Nuclear Physics by B L Cohen, Tata McGraw Hill Publication, 1974.
6. Radiation detection and measurement, G F Knoll, John Wiley & Sons, 2010.

For Particle Physics
7. Modern Particle Physics by Mark Thompson, Cambridge University Press, 2013.
8. Particles and Nuclei: An Introduction to the Physical Concepts by Bogdan Povh, Klaus

Rith, Christoph Scholz, Frank Zetsche, Werner Rodejohann, Springer-Verlag 2015.
9. An Introductory Course of Particle Physics, Palash B. Pal (CRC Press, 2015)
10. Introduction to High Energy Physics by D H Perkins, 4th edition, Cambridge University

Press, 2000.
11. Introduction to elementary particles by D J Griffiths, Wiley, 2008.
12. Quarks & Leptons, F. Halzen and A. D. Martin (John Wiley, 1984)

References for Tutorials

13. Problems and Solutions in Nuclear and Particle Physics by Sergio Petreta, Springer,
2019.

14. Schaum's Outline of Modern Physics, McGraw-Hill, 1999.
15. Schaum's Outline of College Physics, by E. Hecht, 11th edition, McGraw Hill, 2009.
16. Problems and Solutions on Atomic, Nuclear and Particle Physics by Yung-Kuo Lim,

World Scientific, 2000.
17. Nuclear Physics "Problem-based Approach" Including MATLAB by Hari M.

Aggarwal, PHI Learning Pvt. Ltd. (2016).
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B.Sc. (Honours) Physics

Course 
Title and 

Code
Credits

Credit Distribution of the Course
Pre-requisite of the

courseLecture Tutorial Practical

Plasma 
Physics
DSE 23

4 3 1 0

DSC 13 - Electromagnetic
Theory (Sem. V) and DSC 
8 - Thermal Physics (Sem. 
III) of this program or its

equivalent.

COURSE OBJECTIVES

This course presents the characteristic plasma properties and theoretical approaches to plasma 
physics. It treats single charged-particle motion in electromagnetic fields, collisions, electrical 
conductivity and diffusion, and plasma waves. Applications to controlled thermonuclear 
fusion, plasma processing, and astrophysical plasmas will serve to illustrate when and where 
the various theories are applicable. 

LEARNING OUTCOMES

At the end of the course, the students will be able to: 

SYLLABUS OF DSE 23
THEORY COMPONENT
(Hours: 45)

Unit I (12 Hours) 

Introduction to plasma: Basics of gas dynamics, occurrence of plasma in nature, concept of 

behaviour, Debye shielding, Microscopic Properties (resistivity and conductivity). 

DISCIPLINE SPECIFIC ELECTIVE COURSE - DSE  23:
PLASMA PHYSICS 
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Unit II (8 Hours)  

Plasma applications and measurement: Gas discharge, industrial plasma, ionosphere plasma, 
solar plasma, plasma processing of materials, laser ablation, laser-driven fusion, magnetic 
fusion, plasma propulsion. Basics of Plasma production in laboratory and diagnostics

Unit III (13 Hours) 

Particle confinement: Single particle motion in the presence of uniform and non-uniform 
electric and magnetic field, Grad-B drift, curvature drift, polarization drift, Magnetic mirrors 
and concept of earth magnetic mirror, Basic concept of controlled thermonuclear fusion. 

Unit IV (12 Hours) 

Fluid description of plasma: Set of fluid equations of plasmas, diamagnetic drift of plasma, 
plasma approximation, waves in cold plasmas, plasma oscillations, electron plasma wave, ion 
acoustic wave, electromagnetic wave in unmagnetized plasma. 

REFERENCES
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B.Sc. (Honours) Physics

Course 
Title and 

Code
Credits

Credit Distribution of the Course
Pre-requisite of the

courseLecture Tutorial Practical

Sensors and 
Detectors
DSE 24

4 3 0 1

DSC 13 - Electromagnetic
Theory (Sem. V) and DSC 
8 - Thermal Physics (Sem. 
III) of this program or its

equivalent.

COURSE OBJECTIVES

To make students familiar with the constructions and working principle of different types of 
sensors and transducers. To make students aware about the measuring instruments and the 
methods of measurement and the use of different transducers.

LEARNING OUTCOMES

At the end of the course, a student will be able to:

Use concepts in common methods for converting a physical parameter into an
electrical quantity.
Classify and explain with examples of transducers, including those for
measurement of temperature, strain, motion, position and light.
Choose proper sensor comparing different standards and guidelines to make
sensitive measurements of physical parameters like pressure, flow, acceleration,
etc.
Predict correctly the expected performance of various sensors.
Locate different type of sensors used in real life applications and paraphrase their
importance.
Set up testing strategies to evaluate performance characteristics of different types
of sensors and transducers and develop professional skills in acquiring and applying
the knowledge outside the classroom through design of a real-life instrumentation
system.

DISCIPLINE SPECIFIC ELECTIVE COURSE - DSE  24:
SENSORS AND DETECTORS 
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SYLLABUS OF DSE 24
THEORY COMPONENT
(Hours: 45)

Unit I (13 Hours)

Transducers, Classification of transducers on different basis, Types of transducers (Basic idea 
of Mechanical, resistive, capacitive, inductive, piezoelectric, optical and digital).
Sensor, Components of sensor, Direct and complex sensor (Basic idea)
Distinction between Sensor and Transducer, Characteristics of Transducers/Sensor: Static 
characteristics and static calibration (Calibration accuracy and component error), Dynamic 
characteristics. 
Inductive sensor: Variable Inductance Sensors, Plunger type displacement sensor, Variable 
Gap Sensor, LVDT: Construction, working, output characteristics. Idea of RVDT 
(Qualitative).
Capacitive sensors: Variable distance-parallel plate type, variable area- parallel plate (serrated 
plate/teeth type), variable dielectric constant type; Sensitivity of capacitive sensors, Stretched 
diaphragm type

Unit II (9 Hours)

Magnetic Sensors: Magnetoresistive Sensors and Hall effect sensor (performance and 
characteristics).
Temperature sensor: RTD (construction, working and temperature coefficient), thermistor, 
categories of thermistor (PTC and NTC: material, shape, ranges, RT curve and accuracy 
specification), Thermo emf sensor (thermoelectricity generation, thermos-emf measurement, 
Thermocouples (construction, characteristics), and Pyroelectric sensors (pyroelectric effect and 
output voltage-temperature relationship).

Unit III (13 Hours)

Pressure sensors: Direct versus indirect pressure measurement, Different types of gauges and 
their working range, Mechanical gauges (McLeod Gauge), Thermal Conductivity Gauges 
(Thermocouple and Pirani gauges) and Ionization gauges (hot & cold cathode), advantages and 
limitations of various types of gauges, Gauge calibration (Static: Manometric method and dead-
beat tester, dynamic calibration).
Radiation Sensors: Basic Characteristics (Concept of Work Function, Spectral Sensitivity, 
Spectral threshold, Quantum yield, time lag, linearity, Status and dynamic response), Types of 
Photodetectors: Photoemissive Cell, Photo Multiplier, Photo conductive Cell (LDR), 
Photovoltaic cells, photodiodes. Detection of Nuclear Radiation: Qualitative treatment of 
Geiger Muller counters and Scintillation detectors.

Unit IV (10 Hours)

Applications of Sensors and detectors: Basic principles of Remote sensing, Introduction to 
LiDAR (principles, applications and benefits), Types of LiDAR (air-borne and ground based)
Applications of motion sensors in accelerometers and gyroscopes (qualitative analysis of 
working principle). 
Biomedical Sensor: Electrochemical sensor (electrochemical cell, cell potential, three 
electrodes system, working principle). 
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PRACTICAL COMPONENT: SENSORS AND DETECTORS
(Hours: 30)

At least 5 experiments to be done from the list below:

1. Characteristics of LDR as a function of distance from light source.
2. Light characteristics of Photodiode.

REFERENCES 

Essential Readings for the Theory Component

Additional Readings for the Theory Component

References for the Practical Component
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