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NOTIFICATION

Sub: Amendment to Ordinance V

[E.C Resolution No. 14-1/-(14-1-6/-) dated 09.06.2023 and 27-1-1/ dated 25.08.2023]

Following addition be made to Appendix-lI-A to the Ordinance V (2-A) of the Ordinances of

the University;
Add the following:

Syllabi of Semester- V and VI. in respect of Department of Physics & Astrophysics under Faculty
of Science based on Under Graduate Curriculum Framework -2022 implemented from the
Academic Year 2022-23:

(i) SEMESTER-V: BSc. (H) Physics/ Pool of DSEs/ BSc. Physical Science with Physics
" as one of the Core Disciplines/ BSc. Physical Science with Physics & Electronics

as one of the Core Disciplines/ Common Pool of GEs (As per Annexure-1)
(ii) SEMESTER-VI: BSc. (H) Physics/ Pool of DSEs/ BSc. Physical Science with Physics
as one of thé Core Disciplines/ BSc. Phi/sical Science with Physics & Electronics

as one of the Core Disciplines/ Common Pool of GEs (As pérAnnexure-Z)
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B. SC. (HONOURS) PHYSICS

DISCIPLINE SPECIFIC CORE COURSE - DSC - 13:

ELECTROMAGNETIC THEORY

Credit distribution of

Course Title & Credits the course Eligibility Pre-requisite of the
Code . . Criteria course
Lecture| Tutorial |[Practical

Mathematical Physics I, II;
Waves and Oscillation;
Electricity and Magnetism
papers of this course or
their equivalents

Electromagnetic Class XII pass
Theory with Physics and

Mathematics as

DSC - 13 main subjects

LEARNING OBJECTIVES
This core course develops further the concepts learnt in the electricity and magnetism course
to understand the properties of electromagnetic waves in vacuum and different media.

LEARNING OUTCOMES

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

e Apply Maxwell’s equations to deduce wave equation, electromagnetic field energy,
momentum and angular momentum density

o Understand electromagnetic wave propagation in unbounded media: Vacuum, dielectric
medium, conducting medium, plasma

e Understand electromagnetic wave propagation in bounded media: reflection and
transmission coefficients at plane interface in bounded media

e Understand polarization of electromagnetic waves: Linear, circular and -elliptical
polarization. Production as well as detection of waves in laboratory

e [Learn the features of planar optical wave guide

e In the laboratory course, the students will get an opportunity to perform experiments with
polarimeter, Babinet compensator, ultrasonic grating and simple dipole antenna. Also, to
study phenomena of interference, refraction, diffraction and polarization

SYLLABUS OF DSC —13

THEORY COMPONENT

Unit-1 (6 Hours)
Review of Maxwell’s equations; Coulomb gauge and Lorentz gauge; Poynting’s theorem and
Poynting’s vector; electromagnetic (em) energy density; physical concept of electromagnetic
field energy density

Unit — T (10 Hours)
EM wave propagation in unbounded media: Plane em waves through vacuum and isotropic
dielectric medium: transverse nature, refractive index, dielectric constant, wave impedance.
Plane em waves through conducting medium: relaxation time, skin depth, attenuation constant;
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Wave propagation through dilute plasma: electrical conductivity of ionized gases, plasma
frequency, refractive index, skin depth.

Unit — 11T (9 Hours)
EM waves in bounded media: Boundary conditions at a plane interface between two media;
reflection and refraction of plane em waves at plane interface between two dielectric media -
Laws of reflection and refraction; Fresnel’s formulae for perpendicular and parallel
polarization, Brewster’s law; reflection and transmission coefficients; total internal reflection,
evanescent waves; metallic reflection (normal incidence)

Unit -1V (13 Hours)
Polarization of EM waves: Propagation of em waves in an anisotropic media; symmetric nature
of dielectric tensor; Fresnel’s formula; uniaxial and biaxial crystals; light propagation in
uniaxial crystal; double refraction; polarization by double refraction; Nicol prism; ordinary and
extraordinary refractive indices; production and detection of plane, circular and elliptically
polarized light; phase retardation plates: quarter wave and half wave plates

Optical rotation; Biot’s laws for rotatory polarization; Fresnel’s theory of optical rotation;
specific rotation

Unit-V (7 Hours)
Wave guides: Planar optical wave guides; planar dielectric wave guide (-d/2 < x < d/2);
condition of continuity at interface; phase shift on total reflection; Eigenvalue equations; phase
and group velocity of guided waves; field energy and power transmission (TE mode only)

References:

Essential Readings:

1) Introduction to Electrodynamics, D. J. Griffiths, 3™ edition, 1998, Benjamin Cummings.

2) Electromagnetic Field and Waves, P. Lorrain and D. Corson, 2™ edition, 2003, CBS
Publisher

3) Classical Electrodynamics, J. D. Jackson, 3™ edition, 2010, Wiley

4) Principle of Optics, M. Born and E. Wolf, 6™ edition, 1980, Pergamon Press

5) Optics, A. Ghatak, 6 edition, 2017, McGraw-Hill Education, New Delhi

Additional Readings:

1) Electricity, Magnetism and Electromagnetic Theory, S. Mahajan, and S. R. Choudhary,
2017, TMH

2) Principles of Electromagnetic Theory, C. Jain, 2017, Narosa Publishing House

3) Elements of Electromagnetics, M. N. O. Sadiku, 2001, Oxford University Press.

4) Fundamentals of Electromagnetics, M. A. W. Miah, 1982, Tata McGraw Hill

5) Problems and solution in Electromagnetics, A. Ghatak, K. Thyagarajan and Ravi
Varshney, 2015

6) Electromagnetic field Theory, R. S. Kshetrimayun, 2012, Cengage Learning

7) Engineering Electromagnetic, W. H. Hayt, 8" edition, 2012, McGraw Hill.

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

9) 2008+ Solved Problems in Electromagnetics, S. A. Nasar, 2001, SciTech

PRACTICAL COMPONENT
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(15 Weeks with 2 hours of laboratory session per week)

Mandatory sessions on the construction and use of specific measurement instruments and
experimental apparatuses used in the lab, including necessary precautions.

Mandatory 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.

Application to the specific experiments done in the lab.

At least six experiments to be performed from the following list

1)
2)
3)
4)
5)
6)
7)
8)

9)

To verify the law of Malus for plane polarized light.

To determine the specific rotation of sugar solution using polarimeter.

To analyse elliptically polarized light by using a Babinet’s compensator.

To study the elliptical polarized light using Fresnel rhomb.

To determine the wavelength and velocity of ultrasonic waves in a liquid (Kerosene Oil,
Xylene, etc.) by studying the diffraction through ultrasonic grating.

To study the reflection and refraction of microwaves

To study polarization and double slit interference in microwaves.

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

To determine the refractive index of (1) glass and (2) a liquid by total internal reflection
using a Gaussian eyepiece.

10) To verify the Stefan’s law of radiation and to determine Stefan’s constant.

11) To determine Boltzmann constant using V-I characteristics of PN junction diode.

12) To find numerical aperture of an optical fibre.

13) To use a prism shaped double refracting crystal to determine the refractive indices of the

quartz/ calcite corresponding to ordinary and extra-ordinary rays.

14) To measure birefringence of Mica
15) To determine the dielectric constant of solids using microwaves

References for laboratory work:

1y
2)
3)

4)
5)

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

Advanced level Physics Practicals, M. Nelson and J. M. Ogborn, 4™ edition, reprinted 1985,
Heinemann Educational Publisher

Electromagnetic Field Theory for Engineers & Physicists, G. Lehner, 2010, Springer
Practical Physics, G. L. Squires, 4™ edition, 2015, Cambridge University Press
Engineering Practical Physics, S. Panigrahi and B. Mallick, 2015, Cengage Learning India
Pvt. Ltd
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DISCIPLINE SPECIFIC CORE COURSE - DSC - 14:

QUANTUM MECHANICS -1

Credit distribution of the

Course Title Credits course Eligibility Pre-requisite of the
Sqie Lecture| Tutorial | Practical Sl course
Quantum Class XII pass I;fg%?gixztzﬁ

Mechanics — [ 4 3 0 1 with Physics and Modern Physics

Mathematics as

DSC — 14 main subjects papers of this course

or their equivalents

LEARNING OBJECTIVES

The development of quantum mechanics has revolutionized the human life. In this course, the
students will be exposed to the probabilistic concepts of basic non-relativistic quantum
mechanics and its applications to understand the sub atomic world.

LEARNING OUTCOMES
After completing this course, the students will be able to,
e Understand the applications of the Schrodinger equation to different cases of potentials
namely finite square potential well, harmonic oscillator potential.
e Solve the Schrodinger equation in 3-D.
Understand the spectrum and eigen functions for hydrogen atom
o Understand the angular momentum operators in position space, their commutators,
eigenvalues and eigen functions.
e In the laboratory course, the students will be able to use computational methods to
o Solve Schrédinger equation for ground state energy and wave functions of various
simple quantum mechanical one- dimensional potentials
o Solve Schrodinger equation for ground state energy and radial wave functions of
some central potentials

SYLLABUS OF DSC - 14

THEORY COMPONENT

Unit -1 (10 Hours)
General discussion of bound states in an arbitrary potential: Continuity of wave function,
boundary conditions and emergence of discrete energy levels. Application to energy eigen
states for a particle in a finite square potential well, Momentum space wavefunction, Time
evolution of Gaussian Wave packet, Superposition Principle, linearity of Schrodinger
Equation, General solution as a linear combination of discrete stationary states, Observables as
operators, Commutator of position and momentum operators, Ehrenfest’s theorem.

Unit - IT (8 Hours)
Harmonic oscillator: Energy eigen values and eigen states of a 1-D harmonic oscillator using
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algebraic method (ladder operators) and using Hermite polynomials. Zero point energy and
uncertainty principle.

Unit — 11T (15 Hours)
Schrédinger Equation in three dimensions: Probability and probability densities in 3D.
Schrodinger equation in spherical polar coordinates, its solution for Hydrogen atom solution
using separation of angular and radial variables, Angular momentum operator, quantum
numbers and spherical harmonics. Radial wave functions from Frobenius method; shapes of
the probability densities for ground and first excited states; Orbital angular momentum
quantum numbers 1 and my, s, p, d shells.

Unit -1V (12 Hours)
Angular momentum: Commutation relations of angular momentum operators; concept of spin
and total angular momentum; ladder operators, eigenvalues, eigenvectors; Pauli matrices;
addition of angular momenta

References:

Essential Readings:

1) Quantum Mechanics: Theory and Applications, A. Ghatak and S. Lokanathan, 6 edition,
2019, Laxmi Publications, New Delhi.

2) Introduction to Quantum Mechanics, D. J. Griffith, 2" edition, 2005, Pearson Education.

3) A Text book of Quantum Mechanics, P. M. Mathews and K. Venkatesan, 2" edition, 2010,
McGraw Hill.

4) Quantum Mechanics, B. H. Bransden and C. J. Joachain, 2™ edition, 2000, Prentice Hall

5) Quantum Mechanics: Concepts and Applications, 2™ edition, N. Zettili, A John Wiley and
Sons, Ltd., Publication

6) Atomic Physics, S. N. Ghoshal, 2010, S. Chand and Company

Additional Readings:

1) Quantum Mechanics for Scientists & Engineers, D. A. B. Miller, 2008, Cambridge
University Press.

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

3) Quantum Mechanics, L. I. Schiff, 3" edition, 2010, Tata McGraw Hill.

4) Quantum Mechanics, R. Eisberg and R. Resnick, 2" edition, 2002, Wiley

5) Quantum Mechanics, B. C. Reed, 2008, Jones and Bartlett Learning.

6) Quantum Mechanics, W. Greiner, 4" edition, 2001, Springer.

7) Introductory Quantum Mechanics, R. L. Liboff, 4" edition, 2003, Addison Wesley

PRACTICAL COMPONENT

(15 Weeks with 2 hours of laboratory session per week)

At least 4 programs must be attempted. The implementation may be done in C++/Scilab
/Python. Use of available library functions may be encouraged. Similar programs may be
added.

Unit 1

1) Visualize the spherical harmonics by plotting the probability density for various values of
the quantum numbers (/, m)
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2) Use the analytical solution for a particle in finite potential well. Numerically solve the
transcendental equation one gets after putting the continuity and boundary conditions to
determine the energy eigenvalues for various values of the potential width and depth. Plot
the corresponding normalised eigen functions.

Unit 2

Solve the Schrodinger equation using shooting/finite difference or any other method for the
following simple 1-D potentials and compare with the analytical solutions:

1) Particle in a box

2) Particle in a finite potential well

3) Harmonic Potential

Unit 3

Solve the s-wave Schrodinger equation for the following cases.
LY A, A = 22 ) — B
i u(r), A(r) = 2 V(@ ,

1) Ground state and the first excited state of the hydrogen atom:
2
—e
V) =—

Here m is the reduced mass of the electron. Obtain the energy eigenvalues and plot the
corresponding wave functions. Remember that the ground state energy of the hydrogen atom
is=-13.6 eV. Take e = 3.795 (eVA)"2, hc = 1973 (eVA) and m = 0.511x10° eV/c%.

2
e -7

V(r) = Te a

Here m is the reduced mass of the system (which can be chosen to be the mass of an electron).
Find the energy (in eV) of the ground state of the atom to an accuracy of three significant
digits. Also, plot the corresponding wavefunction. Take e = 3.795 (eVA)"2, m = 0.511x10°
eV/c’, and a =3 A, 5 A, 7 A. In these units hc = 1973 (eVA). The ground state energy is
expected to be above -12 eV in all three cases.

Unit 4
Solve the s-wave Schrodinger equation ZZTZ =A()u(r),A(r) = Zh—? [V(r) — E], for a particle of

mass m for the following cases
1)  Anharmonic oscillator potential

V()—1k2+1b3
7"—27" 37'

for the ground state energy (in MeV) of particle to an accuracy of three significant digits.
Also, plot the corresponding wave function. Choose m = 940 MeV/c?, k= 100 MeV fm?2, b=
0, 10, 30 MeV fm™. In these units, c/i = 197.3 MeV fm. The ground state energy is expected
to lie between 90 and 110 MeV for all three cases.

2) For the vibrations of hydrogen molecule with Morse potential
V() = D(em2a —g=arry pr = L0
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Here m is the reduced mass of the two-atom system for the Morse potential
Find the lowest vibrational energy (in MeV) of the molecule to an accuracy of three
significant digits. Also plot the corresponding wave function.

2

Take: m = 940 x106 eV/c™, D=0.755501 eV, a.=1.44, rg = 0.131349 A

References for laboratory work:

1)
2)
3)
4)

5)
6)

7)
8)

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

C++ How to Program, P. J. Deitel and Harvey Deitel, 2016, Pearson

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

Documentation at the Python home page (https://docs.python.org/3/ ) and the tutorials there
(https://docs.python.org/3/tutorial/ ).

Documentation of NumPy and Matplotlib: https://numpy.org/doc/stable/user/  and
https://matplotlib.org/stable/tutorials/

Computational Physics, Darren Walker, 1% edition, 2015, Scientific International Pvt. Ltd

An Introduction to Computational Physics, T. Pang, 2010, Cambridge University Press

A Guide to MATLAB, B. R. Hunt, R. L. Lipsman, J. M. Rosenberg, 3™ edition, 2014,
Cambridge University Press
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DISCIPLINE SPECIFIC CORE COURSE - DSC - 15:

DIGITAL ELECTRONICS
. Credit distribution of the o .
Lecture|Tutorial| Practical
Digital Class XII pass
Electronics 4 3 0 1 with Physps and NIL
Mathematics as
DSC -15 main subjects
LEARNING OBJECTIVES

The objective of the course is to introduce digital electronics and its simple applications to
physics Honours students. The course is designed to familiarize the students with the different
number systems (binary, octal and hexadecimal), laws of Boolean algebra, logic gates and
combinational and sequential logic circuits utilised in designing counters and registers.

LEARNING OUTCOMES

This paper is one of the core papers in the Physics curriculum. After studying this paper

students will become familiar with,

e Digital signals, positive and negative logic, Boolean variables, truth table, various number
system codes and their inter-conversions.

e Students will be able to learn to minimise a given Boolean function using laws of Boolean
algebra and Karnaugh map to minimise the hardware requirement of digital logic circuits.

e Understand the working principle of data processing circuits, arithmetic circuits, sequential
logic circuits, registers, counters based on flip flops

SYLLABUS OF DSC - 15

THEORY COMPONENT

Unit —I - Integrated circuits (2 Hours)
Integrated Circuits (Qualitative treatment only), active and 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
1Cs

Unit — II - Digital circuits and Boolean algebra (14 Hours)
Difference between analog and digital circuits, binary number, decimal to binary and binary to
decimal conversion, BCD, octal and hexadecimal numbers, AND, OR and NOT gates
(realization using diodes and transistor), NAND and NOR gates as universal gates, XOR and
XNOR gates and application as parity checkers

De Morgan’s theorems, Boolean laws, simplification of logic circuit using Boolean algebra,
fundamental products, idea of minterms and maxterms, conversion of truth table into
equivalent logic circuit by (1) Sum of Products method and (2) Karnaugh map simplification
(upto four variables).
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Unit — III - Combinational Logic Circuits (9 Hours)
Data processing circuits: Multiplexers and its applications, de-multiplexers, decoders, encoders
Arithmetic logic circuits: Express binary number in signed and unsigned form, 1°s and 2’s
complement representation, binary addition, binary subtraction using 2’s complement, half and
full Adders, half and full subtractors, 4-bit binary adder/subtractor using 2’s complement
method.

Unit — IV - Sequential Logic Circuits (8 Hours)
Flip Flops SR, D, and JK clocked (level and edge triggered) flip-flops, preset and clear
operations, race-around conditions in JK flip-flop, master-slave JK flip-flop, conversion of one
flip flop to another using an excitation table

Unit — V - Application of Sequential Logic Circuits (9 Hours)
Shift 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).

Counters: Asynchronous counters, MOD-N synchronous counter designing using excitation
table.

Unit — VI — Timers (3 Hours)
IC 555: Pin -out diagram, block diagram and its applications as astable multivibrator and
monostable multivibrator

References:

Essential Readings:

1) Digital Principles and Applications, A. P. Malvino, D. P. Leach and Saha, 7" edition, 2011,
Tata McGraw

2) Fundamentals of Digital Circuits, A. Kumar, 2" edition, 2009, PHI Learning Pvt. Ltd.

3) Digital Fundamentals, T. L. Floyd, 1994, Pearson Education Asia

4) Digital Principles and Applications, D. P. Leach and A. P. Malvino, 1995, Tata McGraw
Hill

5) Digital Design, M. M. Mano and M. D. Ciletti, 2007, Pearson Education Asia

6) Digital Circuits and systems, Venugopal, 2011, Tata McGraw Hill.

7) Digital Electronics G. K. Kharate, 2010, Oxford University Press

Additional Readings:

1) Logic circuit design, S. P. Vingron, 2012, Springer

2) Digital Principles, R. L. Tokheim, 1994, Schaum’s Outline Series, Tata McGraw-Hill

3) Solved Problems in Digital Electronics, S. P. Bali, 2005, Sigma Series, Tata McGraw-Hill

4) Digital Electronics: An Introduction To Theory And Practice, W. H. Gothmann, 2000,
Prentice Hall of India

5) Modern Digital Electronics, R. P. Jain, 2003, Tata McGraw-Hill

6) Digital Electronics, S. Ghoshal, 2012, Cengage Learning

7) Digital Electronics, S. K. Mandal, 2010, 1*' edition, McGraw Hill

PRACTICAL COMPONENT

(15 Weeks with 2 hours of laboratory session per week)
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At least five experiments should be performed from the following list.
All designing should be done on the bread boards.

1)

2)
3)
4)
5)
6)
7)
8)
9)

(a) To design a combinational logic system for a specified truth table.

(b) To convert Boolean expression into logic circuit and design it using basic logic gate ICs
To minimize a given logic circuit using K-map and design using NAND gates.

Designing of Half Adder and Half Subtractor using NAND gates

Designing of 4-bit binary adder using adder IC.

To build Flip-Flop (RS, Clocked RS) circuits using NAND gates.

To build Flip-Flop (D-type and JK) circuits using NAND gate

To build a 3-bit Counter using D-type/JK Flip-Flop ICs and study timing diagrams.

To make a 4-bit Shift Register (serial and parallel) using D-type/JK Flip-Flop ICs.

To design an astable multivibrator of given specifications using 555 Timer.

References for laboratory work:

1)
2)

3)
4)

Digital Fundamentals, T. L. Floyd, 1994, Pearson Education Asia

Digital Principles and Applications, D. P. Leach and A. P. Malvino, 1995, Tata McGraw
Hill

Digital Design, M. M. Mano and M. D. Ciletti, 2007, Pearson Education Asia

Digital Circuits and Systems, Venugopal, 2011, Tata McGraw Hill
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DISCIPLINE SPECIFIC ELECTIVE COURSE - DSE 6:

ASTRONOMY AND ASTROPHYSICS

Course Credit distribution of o .
Title & |Credits the course Ellg.lbll.lty Pre-requisite of the
Code Lecture| Tutorial |Practical CElEkS course
Astronomy Class XII pass Mgchaplcs; Wan.:s.and
and with Physics and Oscillation; Electricity &
Astrophysics| 4 3 1 0 Mathen}iatics as Magnetism; Mathematical
main subiects Physics papers of this
DSE-6 . course or their equivalents

LEARNING OBJECTIVES

This course is meant to introduce undergraduate students to the wonders of the Universe.
Students will understand how astronomers over millennia have come to understand mysteries
of the universe using laws of geometry and physics. They will also be introduced to the Indian
contribution to astronomy in the modern times, techniques to measure astronomical parameters,
the different layers of the Sun and an overview of our Milky Way galaxy.

LEARNING OUTCOMES

After completing this course, student will gain an understanding of,

e Basic concepts of positional astronomy and astronomical coordinate systems

e Astronomical instruments and the modern telescopes

e Measurement of astronomical parameters such as distance, stellar brightness, stellar mass,
radii, temperature and spectra

e The different layers of solar atmosphere and basic results of solar magneto-hydrodynamics

e Basic structure of different galaxies and rotation of the Milky Way galaxy

It is advised that the tutorial sessions should involve discussion on problems meant to help

students develop the ability to apply the theory they learn in lectures to diverse astrophysical

phenomenon.

SYLLABUS OF DSE - 6

THEORY COMPONENT

Unit —I - Introduction to Astronomy (12 Hours)
Overview of the night sky; diurnal and yearly motions of the Sun; basic concepts of positional
astronomy: celestial sphere, astronomical coordinate systems (Horizon and Equatorial systems
of coordinates), circumpolar stars

Unit — II - Basic Parameters of Stars (12 Hours)
Measurement of astronomical distances (stellar parallax, aberration, proper motion),
measurement of brightness, radiant flux and luminosity (apparent and absolute magnitude
scales; distance modulus); determination of stellar mass (visual binaries, eclipsing binaries,
spectroscopic binaries); measurement of stellar temperature and radius; stellar spectra,
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dependence of spectral types on temperature; Stellar classification (Harvard classification
scheme), H-R diagram

Unit — III - Sun (9 Hours)
Solar parameters, Sun’s internal structure, solar photosphere, solar atmosphere, chromosphere,
corona, solar activity, basics of solar magneto-hydrodynamics

Unit — IV - Physics of galaxies (12 Hours)
Nature of rotation of the Milky Way: Differential rotation of the Galaxy and Oort constants,
rotation curve of the Galaxy and the dark matter, virial theorem

Cosmology: Standard Candles (Cepheids and SNe Typela); cosmic distance ladder; expansion
of the Universe, Cosmological principle, Newtonian cosmology and Friedmann models

References:

Essential Readings:

1) Fundamental Astronomy, H. Karttunen et al., Springer Berlin, Heidelberg

2) Modern Astrophysics, B. W. Carroll and D. A. Ostlie, Addison-Wesley Publishing Co.

3) Introductory Astronomy and Astrophysics, M. Zeilik and S. A. Gregory, Saunders College
Publishing.

4) Astronomy in India: A Historical Perspective, T. Padmanabhan, Springer

5) Foundation of Astrophysics, B. Ryden and B. M. Peterson, Cambridge University Press

6) Astronomy: A Physical Perspective, M. Kutner, Cambridge University Press

Additional Readings:

1) Seven Wonders of the Cosmos, J. V. Narlikar, Cambridge University Press

2) Explorations: Introduction to Astronomy, T. Arny and S. Schneider, McGraw Hill

3) Astrophysics Stars and Galaxies, K. D. Abhyankar, Universities Press

4) An introduction to astrophysics, B. Basu, Prentice Hall of India Private Limited.

5) The Physical Universe: An Introduction to Astronomy, F. H. Shu, University Science
Books

6) Telescopes and techniques, C. R. Kitchin, Springer New York, NY

7) Fundamentals of solar astronomy, A. Bhatnagar and W. C. Livingston, World Scientific

8) Astrophysics for Physicists, A. R. Choudhuri, Cambridge University Press
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DISCIPLINE SPECIFIC ELECTIVE COURSE - DSE 7:

PHYSICS OF MATERIALS
. Credit distribution of the .
Course Title Credits course Eligibility Criteria Pre-requisite of
& Code . . the course
Lecture|Tutorial| Practical
Physics of Class XII pass with | Solid state physics
Materials Physics and paper of this
4 2 0 2 . :
Mathematics as course or its
DSE-7 main subjects equivalent
LEARNING OBJECTIVES

This course intends to provide knowledge of emerging topics in condensed matter physics. In
addition, this course aims to provide a general introduction to advanced topics by covering
polymers, liquid crystals, carbon-based materials, and Diluted Magnetic Semiconductors.
More importantly, the students will be exposed to different characterization techniques used in
experimental condensed matter physics.

LEARNING OUTCOMES

After completion of this course the students should be able to,

e Identify different materials of technological importance in appliances and objects around
us

Explain the importance of concepts like density of states and its role in determining device
characteristics

Elucidate the ferroelectric, piezoelectric and pyroelectric materials and their applications.
Explain the properties of liquid crystals and their application.

Differentiate between different form of carbon based materials and their applications
Introduce the importance of dilute magnetic semiconductors as a new technologically
advance material for electronic devices

Explain various characterization techniques used in understanding properties of different
material

SYLLABUS OF DSE -7

THEORY COMPONENT

Unit — I — Semiconductors (4 Hours)
Basic concept of mobility and conductivity, density of states, determination of electron and
hole concentration in doped semiconductor, Fermi level, Fermi energy, Fermi temperature,
Fermi wavelength, Fermi surface.

Unit — II - Dielectric and magnetic materials (9 Hours)
Dielectrics, Ferroelectric, Piezoelectric and Pyroelectric materials, applications of
ferroelectrics in capacitors and memory device, Piezoelectrics in micro positioner and actuator,
Pyroelectrics in radiation detectors and thermometry

Classification and applications of soft and hard magnetic materials, application in transformers,
memory device, introduction of spintronics based systems (spin transport)
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Unit — III - Polymers (3 Hours)
Chemical structure of polymers of few thermoplastic (polyethylene, PVC, PTFE, PMMA,
Polyester, Nylons) and thermosetting (Epoxy resin) polymers, conducting polymers-
application in organic electronics

Unit — IV — Liquid crystals (3 Hours)
Classification of liquid crystals, structural and orientational ordering (isotropic to Nematic),
thermotropic liquid crystals, Phases and phase transitions; anisotropic; Birefringence and
display devices

Unit — V — Carbon based materials (3 Hours)
Structure and properties of Fullerenes, Cso, single walled and multi walled CNTs, Graphene
and their energy band diagram.

Unit — VI — Synthesis of materials (8 Hours)
Ceramic (Calcination, Sintering, Grain), thin films (general idea of vacuum, thermal
evaporation, molecular beam epitaxy, pulsed laser deposition), Crystals (qualitative idea of
zone refining and Czochralski method), Polymers (Polymerization mechanism)

References:

Essential Readings:

1) Solid State Physics, M. A. Wahab, 2011, Narosa Publishing House

2) Elementary Solid State Physics, M. Ali Omar, 2006, Pearson

3) Semiconductor Devices: Physics and Technology, S. M. Sze, 2™ edition, 2002, Wiley India

4) Introduction to Polymer Physics, U. Eisele and S. D. Pask, 1990, Springer-Verlag

5) The physics of liquid crystals, Pierre-Gilles de Gennes, 2" edition, 2003, Oxford
University Press

6) Introduction to Liquid Crystals, P. J. Wojtowicz, E. Priestly and P. Sheng, 1975, Plenum
Press

7) Dielectric Phenomenon in solids with Emphasis on Physical Concepts of Electronic
Processes, K. C. Kao, Elsevier.

8) Physics of Ferroelectrics A Modern Perspective, K. M. Rabe Charles H. Ahn Jean-Marc
Triscone, Springer

9) Carbon Nanotubes: Properties and Applications, M. J. O’Connell, 2006, CRC Press

10) Dilute Magnetic Semiconductors, M. Jain, World Scientific.

Additional Readings:

1) Encyclopaedia of materials characterization: surfaces, interfaces, thin films, R. C. Brundle
et al., 1992, Butterworth-Heinemann

2) Physical Methods for Materials Characterization, P. E. J. Flewitt, R. K. Wild, (2nd Ed.,
CRC Press, 2015).

3) Dilute magnetic semiconducting materials, Br. R. Saravanan, MRF

PRACTICAL COMPONENT
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(15 Weeks with 4 hours of laboratory session per week)

At least six experiments to be performed from the following list

1)
2)
3)
4)
5)
6)
7)
8)

9)

Study phase transition in a ferroelectric sample by measuring its dielectric constant as a
function of frequency and temperature.

Study dielectric properties of given polymer sample as a function of frequency and
temperature.

Study dielectric properties of given piezoelectric sample as a function of frequency and
temperature.

Determine the coupling coefficient of a given piezoelectric crystal.

BH Hysteresis of different ferromagnetic materials (Loop Tracer).

Analyse the XRD spectra of a given ferroelectric ceramic sample and determine its lattice
parameter.

Analyse the XRD spectra of a given ferromagnetic sample (basically ferrites, Fe3;O4,
CoFe;03) and determine its lattice parameter.

Analyse the XRD spectra of a given compound semiconductor (ZnO, TiO», etc) thin
film/ceramic sample and determine its lattice parameter.

Analyse the UV-Vis spectra of a given wide band gap semiconductor and determine its
bandgap.

10) Study the IV characteristics of a polymer material by depositing/painting Aluminum

electrodes.

11) To determine the g-factor of a sample by ESR Spectrometer.
12) Analyse the given SEM/TEM/AFM micrographs of the deposited thin film or nanostructure

of any material and determine surface roughness, crystallinity, particle size etc.

13) Deposition of any kind of thin film by any technique available in the lab.
14) Liquid crystals (reading project)

References for laboratory work:

1)
2)
3)
4)
5)

6)

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

A Text Book of Practical Physics, 1. Prakash and Ramakrishna, 11" edition, 2011, Kitab
Mahal

Elements of Solid State Physics, J. P. Srivastava, 2" edition, 2006, Prentice-Hall of India
Elements of X-Ray Diffraction, B. D. Cullity and S. R. Stock

Physical Methods for Materials Characterization, P. E. J. Flewitt, R. K. Wild, 2" edition,
2015, CRC Press

Encyclopedia of materials characterization: surfaces, interfaces, thin films, R. C. Brundle
et al., 1992, Butterworth-Heinemann
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DISCIPLINE SPECIFIC ELECTIVE COURSE - DSE 8:

COMMUNICATION SYSTEM

Credit distribution of the

e e
Lecture|Tutorial| Practical
Communication Class XII pass |Basics of Digital
System 4 ) 0 ) with Physics and | Electronics and
Mathematics as Analog
DSE -8 main subjects Electronics
LEARNING OBJECTIVES

This paper aims to describe the fundamental concepts of communication systems and
communication techniques based on Analog Modulation, Analog and digital Pulse Modulation.
Communication and Navigation systems such as GPS and mobile telephony system are also
introduced. This paper will essentially connect the text book knowledge with the most popular
communication technology in real world.

LEARNING OUTCOMES

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

e Understand fundamentals of electronic communication system and electromagnetic
communication spectrum with an idea of frequency allocation for radio communication
system in India.

e (Gain an insight on the use of different modulation and demodulation techniques used in
analog communication

e [earn the generation and detection of a signal through pulse and digital modulation
techniques and multiplexing.

e Gain an in-depth understanding of different concepts used in a satellite communication
system.

e Study the concept of Mobile radio propagation, cellular system design and understand
mobile technologies like GSM and CDMA.

e In the laboratory course, students will apply the theoretical concepts to gain hands-on
experience in building modulation and demodulation circuits; Transmitters and Receivers
for AM and FM. Also to construct TDM, PAM, PWM, PPM and ASK, PSK and FSK
modulator and verify their results.

SYLLABUS OF DSE -8

THEORY COMPONENT

Unit — I - Electronic communication and analog modulation (8 Hours)
Electronic communication: Introduction to communication — means and modes. Need for
modulation. Block diagram of an electronic communication system, channels and base-band
signals

Analog Modulation: Amplitude modulation, modulation index and frequency spectrum.
Generation of AM (emitter modulation), amplitude demodulation (diode detector), Single
sideband (SSB) systems, advantages of SSB transmission, frequency modulation (FM) and
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phase modulation (PM), modulation index and frequency spectrum, equivalence between FM
and PM.

Unit — II - Analog Pulse Modulation (4 Hours)
Sampling theorem, basic principles - PAM, PWM, PPM, modulation and detection technique
for PAM only, Multiplexing (time division multiplexing and frequency division multiplexing)

Unit — III - Digital Pulse Modulation (10 Hours)
Need for digital transmission, pulse code modulation, digital carrier modulation techniques,
sampling, quantization and encoding, concept of amplitude shift keying (ASK), frequency shift
keying (FSK), phase shift keying (PSK), and binary phase shift keying (BPSK)

Unit — IV - Satellite Communication and Mobile Telephony system (8 Hours)
Satellite communication: Need for satellite communication, geosynchronous satellite orbits,
geostationary satellite advantages of geostationary satellites. Transponders (C - Band), uplink
and downlink, Ground and earth stations

Mobile Telephony System: Concept of cell sectoring and cell splitting, SIM number, IMEI
number, architecture (block diagram) of mobile communication network, idea of GSM,
CDMA, TDMA and FDMA technologies, simplified block diagram of mobile phone handset.

References:

Essential Readings:

1) Electronic Communications, D. Roddy and J. Coolen, Pearson Education India.

2) Advanced Electronics Communication Systems, Tomasi, 6™ edition, Prentice Hall.

3) Electronic Communication systems, G. Kennedy, 3" edition, 1999, Tata McGraw Hill.

4) Principles of Electronic communication systems, Frenzel, 3™ edition, McGraw Hill

5) Modern Digital and Analog Communication Systems, B. P. Lathi, 4" edition, 2011, Oxford
University Press.

6) Communication Systems, S. Haykin, 2006, Wiley India

7) Wireless communications, A. Goldsmith, 2015, Cambridge University Press

Additional Readings:

1) Electronic Communication, L. Temes and M. Schultz, Schaum’s Outline Series, Tata
McGraw- Hill.

2) Electronic Communication Systems, G. Kennedy and B. Davis, Tata McGraw-Hill

3) Analog and Digital Communication Systems, M. J. Roden, Prentice Hall of India

PRACTICAL COMPONENT

(15 Weeks with 4 hours of laboratory session per week)
At least six experiments to be performed from the following list

1) To design an amplitude modulator using transistor

2) To design envelope detector for demodulation of AM signal
3) To study FM - generator and detector circuit

4) To study AM transmitter and receiver

5) To study FM transmitter and receiver

6) To study time division multiplexing (TDM)

7) To design pulse amplitude modulator using transistor.
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8) To design pulse width modulator using 555 timer IC.
9) To design pulse position modulator using 555 timer IC
10) To study ASK, PSK and FSK modulators and demodulators

References for laboratory work:
1) Electronic Communication system, Blake, 5" edition, Cengage

2) Introduction to Communication systems, U. Madhow, 1% edition, 2018, Cambridge
University Press
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