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Preamble

Physics department at Vidyasagar University hasgestaits journey in the year 1989. The
Department offers M.Sc. Physics course and Ph.Dgramme. The Department is well
established with eight sanctioned faculty strengthdramural grants from DST-FIST, CSIR,
UGC-SAP and AICTE, as well as intramural grantsrirthe University, have strengthened the
Department’s research and teaching learning infrestre. The well established department is
equipped with neat and clean lecture galleriespritory rooms with modern instruments, rich
departmental library, ICT enabled seminar room,ca@nn computer lab and different high end
research labs. The M.Sc. Physics programme offeyddniversity is two years’ in duration and
is divided into four semesters. The Choice-BasestliitSystem (CBCS) was introduced in 2018.
The courses are synchronized with the UGC mod&lay$ and the assigned credits are fixed on
the basis of teaching hours, which in turn is lohke course content and structure. The course is
designed to include classroom teaching and pradgeahing in the ratio 2:1. It also emphasizes
project work, students’ seminars for the holisvelopment of the student community. Alumni
of the department spans all over the national dsasesome international academic institutions.
The bonding between the hard-working & meritoricgtsdents and responsible & careful

teachers is the recipe of the success of the depatt
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COURSE STRUCTURE OF M.Sc. in PHYSICS

SEMEST COURSE COURSETITLES Full No. of CREDIT
ER NO. Marks | Lectures | (Lecture -
(hours) Tutorial -
Practical)
PHS 10: PHS 101. | METHODS OF MATHEMATICAL PHYSICS-1 25 2C 4(3-1-0)
PHS 101. | CLASSICAL MECHANICS 25 20
PHS 10; PHS 102. | QUANTUM MECHANICS - 25 20 4(3-1-0)
PHS 102. | CONDENSED MATTERPHYSICS-1 25 20
| PHS 10: PHS 103. | ELECTRODYNAMICS 25 20 4(3-1-0)
PHS103.2 | EXPERIMENTAL METHODS IN PHYSIC! 25 20
PHS 10: PHS 104. | ANALOG ELECTRONICS- | 25 20 4(3-1-0)
PHS 1042 | DIGITAL ELECTRONICS- 1 25 20
PHS 19! ELECTRONICS PRACTICAL-I 50 150 4(0-0-8)
PHS 191 COMPUTER PROGRAMMING AND NUMERICAL 50 150 4(C-0-8)
METHODS PRACTICAL
TOTAL 30C 24
PHS 20: PHS 201. | QUANTUM MECHANICS-1I 25 20 4(3-1-0)
PHS 201. | METHODS OF MATHEMATICAL PHYSICS- I 25 20
PHS 20:; PHS 202. | CONDENSED MATTERPHYSICS- 1 25 20 4(3-1-0)
PHS 202. | SEMICONDUCTORPHYSICS 25 20
Il PHS 20: PHS 203. | ANALOG ELECTRONICS-TI 25 20 4(3-1-0)
PHS 203. | DIGITAL ELECTRONICS-TI 25 20
C-PHS204 | CONCEPTSOF PHYSICS INVENTIONS ANS APPLICATION(CBCYS) 50 40 4(3-1-0)
PHS 29! ELECTRONICS PRACTICAL-TI 50 15C 4(0-0-8)
PHS 291 ADVANCE PRACTICAL -1 50 15C 4(0-0-8)
TOTAL 30C 24
PHS 30: PHS 301. [QUANTUM MECHANICS -1 25 20 4(3-1-0)
PHS 301. |STATISTICAL MECHANICS- 1 25 20
PHS 30; PHS 302. | MOLECULAR SPECTROSCOPY & LASER PHYSI( 25 20 4(3-1-0)
PHS302.2 | NUCLEAR PHYSICS-1 25 20
SPECIAL PAPER (any on
PHS 30: PHS 303/ [ADVANCED CONDENSED MATTER PHYSIC-I 50 4C 4(3-1-0)
PHS 303t |APPLIED ELECTRONICS-I 4(3-1-0)
m PHS 303B. APPLIED ANALOG 25 20
ELECTRONICS
PHS 303B. APPLIED DIGITAL 25 20
ELECTRONICS
PHS 303( [APPLIED OPTICS AND OPT+ELECTRONICS-I 50 40 4(3-1-0)
PHS 303l |ASTROPHYSICS — | 4(3-1-0)
PHS 303D. ASTRONOMICAL METHODS 25 20
PHS 303D. STELLER STRUCTURE ANLC 25 20
EVOLUTION
C-PHS 304| INTRODUCTORY ASTROPHYSICS (CBCS) 50 40 4(3-1-0
PHS 39! ADVANCE PRACTICAL-II 50 15C 4(0-0-8)
SPECIAL BASED PRACTICAI
PHS 391 PHS 396/ :(API?‘;/C:%I(\:IaCI_ED CONDENSED MATTER PHYSIC-I 50 15C 4(0-0-8)
PHS 3961 | APPLIED ELECTRONICHI (Practical 50 150
PHS396C | APPLIED OPTICS AND OPT(-ELECTRONIC¢- 50 150
I(Practical
PHS 3961 | ASTROPHYSICS I Practica) 50 150
TOTAL 30C 24
PHS 40 PHS 401. | QUANTUM FIELD THEORY 25 2C 4(3-1-0)
PHS 401. | PARTICLE PHYSICS 25 20
PHS 40; PHS 402. | STATISTICAL MECHANICS-1I 25 20 4(3-1-0)
PHS 402. | NUCLEAR PHYSICS-1I 25 20
PHS 40:; PHS 403. 'ISIE,\A/‘\ICSEPCORT PROPERTIES AND SEMICONDUCTC 25 20 4(3-1-0)
PHS 403. | APPLIED OPTIC! 25 20
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SPECIAL PAPER (any on
v PHS 40 PHS 4047 | ADVANCED CONDENSED MATTER PHYSICAI [ 50 4C 4(3-1-0)
PHS 404f |APPLIED ELECTRONICS-II
PHS 404B. | APPLIED ANALOG ELECTRONICHI 25 20
PHS 404B. | APPLIED DIGITAL ELECTRONICHTI 25 20
PHS 404( | APPLIED OPTICS AND OPT+ELECTRONICSI 50 20
PHS 404 |ASTROPHYSICS -l
PHS 404D. | GALACTIC ASTRONOMY 25 20
PHS 404D. | EXTRA-GALACTIC ASTRONOMY AND, 25 20
COSMOLOGY
SPECIAL BASED PRACTICAL
PHS 49! PHS 495/ ,(ADVANcliED CONDENSED MATTER PHYSICATI 50 15¢C 4(C-0-8)
practica
PHS 495F | APPLIED ELECTRONICSIT (practical 50 150
PHS 495( ﬁ(PPLIED IOPTICS AND OPT-ELECTRONIC® 50 150
practical
PHS 495 | COSMOLOGY AND ASTROPHYSICS 1T (practic) 50 150
PHS 40 PROJECT, SEMINAR AND GRAND VIV/ 50 Z(0-0-8)
TOTAL 30C 24
ALL TOTAL 120¢ 9€

Full Marks : 50 = END SEMESTER EXAMINATION (40) NITERNAL ASSESSMENT (10)
25 = END SEMESTER EXAMINATION (20) + INTERNAL ASSESMENT (5)
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Distinctive features of course content:
Feature Course Code | Course Wise Programme-wise
Percentage of | percentage of
such courses * | courses#

Value-added course: PHS101 100 27.08

PHS102.1 100

PHS103.1 100

PHS201 100

PHS301 100

PHS302.2 100

PHS401 100

PHS402 100
Employability/entrepreneurship/ PHS102.2 100 64.58
skill development: PHS103.2 100

PHS104 100

PHS195 100

PHS196 100

PHS202 100

PHS203 100

PHS295 100

PHS296 100

PHS302.1 100

PHS303 100

PHS395 100

PHS396 100

PHS403 100

PHS404 100

PHS495 100

PHS496 100

PHS104.2 100 29.17
Digital Content: PHS195 100

PHS196 100

PHS203.2 100

PHS295 100

PHS303B.2 100

PHS396B 100

PHS404B.2 100

PHS495B 100
Ethics, gender, human values, PHS496 100 417
environment & sustainability:

*Percentage of that feature within this course
#Percentage of that feature with respect to tataises or Programme
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PROGRAMME OUTCOME
Post Graduates (M. Sc.) students, after completioof the program, will be able to achieve

1.

Promotion of analytical thinking: Physics is based on axiomatic mathematical
formulation. The course serves as a platform ftvaening analytical and critical thinking
within the framework of the laws of nature.

Knowledge transfer: The course aims towards teaching basic conceptsadaanced
topics. After completion of the course the studemtsuld get very good basic and
advanced knowledge of the subject.

Development of communication skills:Students would learn how to communicate and
to present topics of higher education in both Efgénd in their Mother tongue from their
experience in classroom learning and seminar prasens.

Group learning: Learning the subject through interactions withesxpboth in and out of
the classroom. Students would also learn to wokkgnoup.

Awareness of environmental concernsThe courses enable students to gain knowledge
to work on topics that would be useful for dailfe)ikeeping in mind the environmental
concerns.

Professional skill development: Motivation of students, completion of the standard
prerequisites and development of their skills tketaip teaching and research in the
subject as a profession.

PROGRAMME SPECIFIC OUTCOME

The M. Sc. Physics course will cater to developleskiscientific manpower having theoretical
and experimental comprehensive knowledge of Phydibe program also induces the basic
platform of higher research activities. After coetmn of the course, the students will be
enriched on:

1.

Basic knowledge: The M.Sc Physics programme is based on a struehdesyllabus
covering almost all the major fields of Physics.siBacompulsory courses such as
Classical Mechanics, Quantum Mechanics, Statistigldchanics, Electrodynamics,
Mathematical Physics and several Laboratory coustemngthen the theoretical and
experimental foundations of the students.

Advanced knowledge: Advanced compulsory courses such as Electroniosdéhsed
Matter Physics, Applied Optics, Semiconductor Desjc Molecular Spectroscopy,
Nuclear Physics, Quantum Field Theory, ParticlesRisyenhances the knowledge of the
students and provides them a broad view of theestibj

Research exposure:Students are offered several optional courses amtissertation
which give them the opportunity to learn advanced mnultidisciplinary topics and work
in research laboratories. From the laboratoriesstndents get hands-on experience of
high-end instruments.

CBCS and interdisciplinary knowledge: The syllabus is based on CBCS. The
programme offers two courses to students from ashbjects. This promotes awareness
on interdisciplinary subjects.

Development of Multidisciplinary skills: The multidisciplinary skills which the students
acquire from the courses will be of tremendous edtuthem in research areas such as
Nano-Scale Physics, theoretical and experimentalnd€esed Matter Physics,
Optoelectronics, and Electronics.

Evaluation Methodology throughout the course curriailum :
Continuous Internal Assessment and End Semester Exa
Assignments, Review work, written tests, probleiwisg, presentations.
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SEMESTER- |

Course No: PHS 101.1: Methods of Mathematical Physs

Marks: 25 Credit: 2
Classes: 20

. Vector spaces and matrices: Vector spaces of nrdilmies, inner product, Schmidt’'s
orthogonalisation, Schwarz and Bessel inequality.

. Hermitian and unitary matrices, eigenvectors ageérmralues, diagonalization, unitary
transformation. Cayley Hamilton theorem.

. Complex variable: Cauchy Reimann conditions, Calschiptegral and residue
theorem, singularities, poles, branch points, caniategration. Taylor & Laurent
series expansion, Principle value of an integrahi®inn Surface.

. Tensor analysis, Coordinate transformations, sgal@ovariant and Contravariant
tensors. Addition, Subtraction, Outer product, mngroduct and Contraction.
Symmetric and antisymmetric tensors. Quotient I&detric tensor. Conjugate tensor.
Length and angle between vectors. Associated tenBaiising and lowering of indices.
The Christoffel symbols and their transformatiowdaCovariant derivative of tensors.

Books Recommended

. Spiegel, M.R. (2000) Theory and Problems of Complaxiables (Schaum’s outline
series)McGraw-Hill Publishing Co.; Metric ed ed., Unitetbges.

. Arfken, G.B. and Weber, H.J. (2005) Mathematicaltivels for Physicists, 16th ed.,
Elsevier Academic Press, USA.

. Mathews, J. and Walker, R.l. (1971) Mathematicaltiddds of Physics, 2nd ed.,
Pearson Addison-Wesley, United States.

. Dennery, P. and Krzywicki, A. (1996) Mathematics ®hysicists, 1st edDover
Publications Inc., United States.

. Grewal, B.S. (1965) Higher Engineering Mathematitst ed.,Khanna Publisher,
India.

. Joshi, A.W. (2018) Group Theory for Physicists, &®ith, New Age International
Publishers, India.

. Hamermesh, M. (1989) Group Theoand Its Application to Physical Problems, 1st
ed., Dover Publications Inc., United States.

. Dass, T. and Sharma, S.K. (1998) Mathematical Migha Classical and Quantum
Physics, 1st edUniversities Press Pvt. Ltd., India.

. Joshi, A.W. (1995) Matrices and Tensors, 3rd Bew Age International Publishers,
India.

COURSE OUTCOME:

»  Familiar with the vector spaces and matrices
» Understand the Hermitian and unitary matrices
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» Understand the Complex variable
»  Know the Tensor analysis

Course No: PHS 101.2: Classical Mechanics

Marks: 25 Credit: 2
Classes: 20

1. Recapitulation of Mechanics of System of particleagrange and Hamiltonian of
different systems. Lagrange & Hamiltonian for Namnservative system: Velocity
dependent potential, dissipation function, chargeige is moving in an electro-
magnetic field. Small Oscillations

2. Variational Principles, Hamilton’s Principle fromeMton’s equation & D’Alemberts
Principle, Lagrange’s equation from Hamilton’s Riple, Modified Hamilton’s
Principle, Hamiltons Canonical equations.

3. Gauge function for Lagrangian, Canonical Transfdioms, Legendre
Transformation, Generating Functions, Infinitesim@lontact Transformations,
Poisson Bracket, Lagrange Bracket.

4. Hamilton — Jacobi Theory, Hamilton — Jacobi equatfor Hamilton’s principal
function, Physical significance of Hamilton’s pripal function, Hamilton — Jacobi
equation for Hamilton’s characteristic function,yBical significance of Hamilton’s
characteristic function Hamilton-Jacobi equaticomnirSchrodinger equation, Action-
angle variables.

Books Recommended:

=

Goldstein, H. (2011) Classical Mechanic¥,&1., Narosa Publishing Home, India.

2. Thornton, S., and Marion, J. (2003) Classical Dyranof Particles and
Systems, 8 ed., Horoloma Book Jovanovich College Publishé¢. U

3. Rana, N. C,, and Joag, P. S. (1991) Classical MechaT' ed., Tata
McGraw-Hill Pub. Co., India.

4. Takawale, R. G., and Puranik, P. S. (1979) Intradacto Classical
Mechanics, ¥ ed., Tata Mc- Graw Hill Publishing Company Limited
India.

5. Upadhyaya, J. C. (2019) Classical Mechanigsd., Himalaya Publishing House,
India.

6. Morlin, D. (2008)Introduction to Classical Mechanjck"' ed., Cambridge University
Press, UK.

7. Calkin, M. G, (1996) Lagrangian and Hamiltonian Mawgics World Scientific

Publishing Co Pte Ltd, Singapore

COURSE OUTCOME:

In the era of modern physics, this course in classal mechanics remained absolutely

essential in the way it is designed. Firstly thisaurse acts as the stepping stone for the
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various branches of modern physics. e.g. the teclipie of action-angle variable is needed for
older quantum mechanics, the Hamilton Jacobi formabm and the principle of least action
paved the way to wave mechanics and the Poisson Bk&t and canonical transformation
leads to the justification of commutator formalismsand equation of motions. This course
also provides an opportunity for students of physis to master many of the mathematical

techniques.

Course No: PHS 102.1: Quantum Mechanics-I

Marks: 25 Credit: 2
Classes: 20

1. Abstract formulation: Properties of linear vector spaces. Bra-ket nmtati
Hermitian operators, eigenvalues and eigenvect@t®rn-Gerlach experiment.
Postulates of quantum mechanics. Matrix representaneasurements, observables,
and the uncertainty relations, Change of basis wamthry transformation, Position
and momentum representations: Wave-functions intiBosand Momentum Space.
Expectation values. Ehrenfest theorem. (12)

2. Quantum Dynamics: Time evolution and the Schrodinger equation, Sdimger
picture, Heisenberg picture, Heisenberg equatiormetion. Solution of simple
harmonic oscillator by the operator method. (8)

Books Recommended:

1. Sakurai J. J. and Napolitano J. (2020) Modern QumarMechanics, 3rd ed.,
Addison-Wesley.

2. Schiff L. 1., (1969) Quantum Mechanics, 3rd ed.,@fAaw-Hill Book, New York.

3. Schwabl F. (2007) Quantum Mechanics, 4th ed.ngpri

4. Griffiths D. J. & Schroeter D. F. (2019) Introdiget to Quantum Mechanics, 3rd
ed., Cambridge Univ. Press.

5. Ghatak A. K. & Lokanathan S. Quantum Mechanicedrly and Applications,
Macmillan India Ltd..

6. Cohen- Tannoudji C., Diu B. & Laloe F. (2019) QuantMechanics, Vol | &
II, 2nd Ed., Wiley.

7. N. Zettili N. (2009) Quantum Mechanics: Conceptd Applications, 2nd ed.,
Wiley India

8. Singh J., (1996) Quantum Mechanics: FundamentalsApplications to
Technology, 1st Ed., Wiley VCH.

COURSE OUTCOME:
Quantum mechanics is the body of scientific laws #t describe the behavior of

photons, electrons and the other particles that mak up the universe. It is is the

branch of physics relating to the very small. Thizourse is a substantial introduction
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to advanced quantum mechanics and how to use it. 1§ specifically designed to be
accessible not only to physicists but also to studlis and technical professionals over a
wide range of applied science. At the end of the gse, students will be able to learn
about the abstract mathematical formulation in thelanguage of linear vector space.
Concepts such us basis change, momentum and positicepresentations. operators
and matrix representations would be introduced. Tine evolution, connection to wave
mechanics and Schrodinger’s equation will also beistussed. Students will also learn
to use operator methods for solving problems suchsahe harmonic oscillator in one

dimension.

Course No: PHS 102.2: Condensed Matter Physics-1
Marks: 25 Credit: 2
Classes: 20

1. Single crystal and Polycrystal, Symmetry elemestoeaiated with Point group and
Space group, Stereographic Projection, Space geprpsentation.

2. X-ray diffraction & reciprocal lattice: Scatterired X-ray by a crystal and Derivation
of Laue equation, reciprocal lattice vectors, Buih Zone, Atomic form factor,
Structure factor and experimental diffraction meiho

3. Vibrations of monoatomic and diatomic linear lag{gualitative), Equivalence of
vibrational mode and simple harmonic oscillator,oftns, Anharmonic crystal
interactions, Debye Waller effect.

4. Energy Bands: Physical origin of the energy gapcBIfunction, essential features of
Kronig penny model, effective mass, distinction ofetal, insulator and
semiconductor. Empty Lattice .Approximation, Tighhding Approximation.

5. Quantum theory of dia, paramagnetism, Boltzman Jpart Equation.

Books recommended
. Woolfson : X ray crystallography

Kittel: Solid State Physics
Dekker: Solid State Physics.

4. Christmaan-solid state physics (academic press)
5. Warren- X-ray Diffraction

WN

COURSE OUTCOME:

The course gives good idea to students related toueture and symmetry of solid.

The course also gives light to the structural anabis of the materials and introduce
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new particle phonon in solid. The course deals witBand Theory of Solid which is an

important tool for material study and research.

Course No: PHS 103.1: Electrodynamics
Marks: 25  Credit: 2
Classes: 20

1. Radiation loss of energy by free charges of plasdRadiation emitted by excited
atoms and ions; Cyclotron or Betatron radiationgenBsstrahlung radiation;
Recombination radiation; Black body radiation; Tspaort of radiation.

2. Fundamental concepts about plasma: Mean free pathcallision cross section;
Electron and ion temperatures; Effect of magnastdfon mobility of ions and
electrons; Diffusion of ions and electrons; Ambgradiiffusion.

3. Elements of Plasma Kinetic theory: Phase spacdriision function; Boltzmann
equation — Collision less and collisional; Consé&ora of particles, mass and
charges; Vlasov Equation; Application of B-V eqoatto longitudinal waves.

4. Field of moving charges and radiations: Retarde@gmi@ls and Lienard Wichert
potentials; Field produced by arbitrarily and unifidy moving charged patrticles;
Radiations from an accelerated charged partidewatelocity and at high velocity;
Angular distribution of radiated power; Radiatiororh an oscillating electric
dipole; Radiation from a linear antenna; Antenmayas.

5. Radiation in material media: Cherenkov radiatiosat&ring of electromagnetic
wave — Thomson, Rayleigh and resonant scatteriolgri2ation of scattered light;
Coherence and incoherence scattered light; Dispeesid absorption of radiations;
Elementary theory of dispersion — dispersions &) §iguid and solid.

6. Relativistic electrodynamics: Lorentz transformatimf space and time in 4-vector
from; Transformations for charge and current dessitTransformation equations
for field vectors; Covariance of Lorentz conditidnyariance of Maxwell’'s field
equations under relativistic transformation; Coamace of Maxwell’s field
equations in 4-vector form and 4-tensor form; Tfamsation equations for
magnetic field induction components; Invariants elfectromagnetic fields;
Covariance and transformation law of Lorentz force.

Books Recommended:
Reference for journal article

1. Cerenkov, P.A. (1937) Visible Radiation ProducedEsctrons Moving in a Medium
with Velocities Exceeding that of Light. Physicat\Rew, 52, 378-381.

2. Dodig, H. (2021) Direct Derivation of Liénard—Wieash Potentials, Maxwell's Equations and
Lorentz Force from Coulomb’s Lawlathematics, 9, 237.

Reference for a book as general

1. Chakraborty, B. (2003) Principles of Plasma Mecbtsndth ed., New Age
Internationals, India.
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. Engel, V. (1994) lonized gases, 1st ed., Americatitute of Physics Melville, United
States.

. Chen, F.F. (1984) Introduction to Plasma Physics@ontrolled Fusion, Volume 1.
Plasma Physics, United States.

. Goswami, S.N. (2005) Elements of Plasma Physi¢ssd.qReprint), New Central
Book Agency (P) Ltd., India.

. Griffiths, D.J. (1999) Introduction to Electrodynas, 3rd ed., New Jersey, United
States.

. Jackson, J.D. (2007) Classical Electrodynamicsg8rdJohn Wiley & Sons, Inc.,
United States.

. Heald, M.A. and Marion, J.B. (1995) Classical Elemagnetic Radiation, 3rd ed.,
Saunders College Publishing, Harcourt Brace ColRgaishers, United States.

. Panofsky, W.K.H. and Phillips, M. (2012) ClassiE#ctricity and Magnetism, 2nd
ed., Dover Publications, United States.

. Sen, S.N. (2016) Plasma Physics: Plasma State wéiMalth ed. (Reprint), Pragati
Prakashan, India.

Reference for a book chapter in an edited volume

. Edgar, R.S. (2013) Chapter 5 Retarded Potentiabijhén Field Analysis and
Potential Theory (Volume 44), 12th ed., ed. by EdBaS., Springer-Verlag, Berlin,
Germany.

. Heald, M.A. and Marion, J.B. (1995) Chapter 8:d&Reé¢d Potentials and Fields and
Radiation by Charged Particles, In Classical Etaotignetic Radiation, 3rd ed., ed. by
Heald, M.A. and Marion, J.B. , Saunders CollegeliBhimg, Harcourt Brace College
Publishers, United States, pp. 256-288.

. Lorrain, P. and Corson, D. (2003) Chapter 14: Raxhaf Electromagnetic Waves, In
Electromagnetic Fields and Waves, 2nd ed., ed.dmgain, P. and Corson, D., CBS
Publishers & Distributors Pvt. Ltd., India, pp. 5650.

. Miyamoto, K. (2011) Chapter 4: Velocity Space Oksition Function and
Boltzmann’s Equation, In Fundamentals of Plasmaskkyand Controlled Fusion, 3rd
ed., ed. by Miyamoto, K., National Institute of karsScience (NIFS), Toki, Japan, pp.
39-43.

. Zahn, M. (1979) Chapter 9: Radiation. In Electrometg Field Theory: A Problem
Solving Approach, 1st ed., ed. by Zahn, M., JohfeW& Sons Inc., United States,
pp. 663-698.

Reference for materials in a book

. Biro, T. (1992) Phase-space description of plasraaes. Linear and nonlinear theory,
1st ed., Swedish Institute of Space Physics, Umei$ibn, Sweden, pp. 1-7.

. Lorrain, P. and Corson, D. (2003) Electromagneigtds and Waves, 2nd ed., CBS
Publishers & Distributors Pvt. Ltd., India, pp. 4236.

. Miyamoto, K. (2011) Fundamentals of Plasma Phyaies Controlled Fusion, 3rd ed.,
National Institute of Fusion Science (NIFS), Talapan, pp. 39-43.

COURSE OUTCOME:

»  Know the fundamental concepts about plasma, elesmdtlasma Kinetic
theory

» Understand the loss of radiation energy by freegdsof plasma systematics

»  Evaluate fields and forces in Electrodynamics aratjiMeto-dynamics
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»  Know the concepts of retarded phenomena and radiati
» Radiation phenomena including scattering and dssperin material media
» Understand the relativistic electrodynamics

Course No: PHS 103.2: Experimental Methods in Physs

Marks: 25 Credit: 2
Classes: 20

Experimental techniques of Material CharacterizatioX-ray Diffraction (XRD),
XPS, Electron microscopy: Scanning electron Micopsg Transmission Electron
Microscopy, Probe microscopy: Scanning Tunnelingcriscopy, Atomic Force
Microscopy, Electron Spectroscopy for Chemical Ase (ESCA), Thermal analysis:
Phase changes, crystalline and amorphous fractori3SC Thermo-gravimetric
methods — TGA, DTA, Vibrating sample magnetomeigrergy Dispersive Analysis
by X-ray (EDX). Neutron scattering and neutronmiétion, NMR

Different optical measurements: Optical Absorptbiiransmission study by UV-VIS
Spectro-Photometer, Photo Luminescence (PL), FREpan spectroscopy. Electrical
measurements; Studies on various Conduction Mesimgnin 2D (thin films) and
Low- dimensional Systems: Arrhenius type Thermaltyivated Conduction, Variable
Range Hopping Conduction and Polaron Conduction.

Concept of Ultra High Vacuum techniques, producteomd measurement of low
pressure, Pirani and Penning gauges, rotary ardiffaision, Turbo, lon, cryo-pumps;
Elements of instruments, Concepts of low tempeeatand high temperature
measurement, Sensor and transducer materials.

Experimental Methods of sample preparation: Sentigotor materials, composite
materials, thin films, nanomaterials.

Books recommended:

1.

Shackelford J. F, (2009) Introduction to Materi&lsience for Engineers,"7ed.,
Pearson Prentice Hall, India

Callister W D (2007) Materials Science and Engimger An Introduction”, ¥ ed.,
John Wiley & Sons, Inc., US

Rao V V, Ghosh T B and Chopra K L (2008) VacuumeSce and Technology!®3
ed., Allied publishers Ltd., India

Bhushan B. (2004) Springer Handbook of Nanotectgyl@ ed. Springer, Germany
Kohler M. and Fritzsche W. (2004) Nanotechnologyrdduction to Nanostructuring
Techniques, ® ed., Wiley —-VcH, Germany

Chattopadhyay K. K. and Banerjee A. N. Introductibm Nanoscience and
Nanotechnology,sled., PHI, India

Sayer M. and Mansingh A. (2015) Measurement, Ins¢éntation and Experimental
Design in Physics and Engineerind,ed., PHI, India
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COURSE OUTCOME:

The course is typically a bridge between a physit¢igand a material scientist and the
course is framed to enable students to understantié
1. expanding world of functional materials
. state of the art facts and techniques involved in aterials preparation
. comprehensive awareness of use of different instruents for material study.

. development of the various aspects of material chacterization.

a b~ W DN

. use of different experimental techniques, challengeand prospects materials
science

Course No: PHS 104.1: Analog Electronics-I
Marks: 25 Credit: 2
Classes: 20

1. Operational Amplifiers: Revision of Op-amp circyitSifferential amplifier, OP-
AMP architecture, Constant current sources, Inpages of an Op-Amp, OP-AMP
characteristics and parameters.

2. Elements of Communication: Principle of amplitudeodulation (AM) and
frequency modulation (FM), AM spectrum and FM spatt, channel band width
and signal band width, side band frequency, Geioaratf transmitted carrier and
suppressed carrier type AM signals with necessacyits, Principles of detection of
different types of modulated signals (TC and SGe$ypprinciple of generation of
F.M. wave with necessary circuits, Detection of Fulive-Discriminators.

Modulation techniques in some practical communicasystems: Superheterodyne
AM and FM radio receivers, FM stereo receiver gl VSB AM.

3. Radio wave propagation: Ground wave, lonosphericevaand space wave and their
characteristics, reflection and refraction of radi@aves in ionosphere, critical
frequency, skip distance, Maximum usable frequeriaging, Secant law, duet
propagation.

4. Antenna: Dipole antenna, half wave antenna, antemitia two half elements, N
elements array, induction field and radiation fieltiation resistance of an antenna.

5. Radar: Radar range equation, Basic pulsed radaermsyglodulators, duplexers,
indicators, radar antenna, CW radar, MTI radar, iaar, Doppler radar.

Books Recommended:
1. Ryder, J.D. (1975) Electronics fundamental andiagpon, 3" ed., PHI, India.

2.Gayakwad , R.A. (2015) Op- Amps and Linear IntegplaCircuits, & ed., Pearson
Education, India.
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3.Roddy, D. and Coolen, J. (2008) Electronic Commatinns, 4' ed., Pearson
Education, India

4. Chattopadhyay, D. and Rakshit, P.C. (2020) Eleatso Fundamentals And
Applications, 18 ed., New Age International Publishers, India

5. Millman, J. and Grable, A. (2017) Microelectroni@&? ed., McGraw Hill Education,
India.

6. Terman, F. E. (1955) Electronic and Radio Engimegrd” ed., McGraw-Hill Book
Company Ing. Europe.

COURSE OUTCOME:

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

1.impart basic knowledge on Analog and Digital Electonics.

2. clarify and exemplify the previous knowledge of elgronics in B.Sc. courses.

3. learn the basics of Op-Amp circuits and Analog commmnication systems.

4. gain knowledge on Radar, Antenna and MOSFET circus.

wn

Course No: PHS 104.2: Digital Electronics-I
Marks: 25  Credit: 2
Classes: 20

Review of logic gates: Combinational logic gatesirikaugh mapping : Methods of
minimization (reduction) of Product of Sum (POS)a8um of Products (SOP)
expressions of 2, 3 4and 5 variables Boolean egpmesLogical implementations,
Sequential Circuit: Revision of Flip-Flops, Conversof Flip-Flops.

Registers: Shift Register, Serial in Serial outaReal in Serial out, Parallel in parallel
out registers, Bi-directional and Universal registe

Counter: Synchronous and Asynchronous counter, fogdaunter, decade counter,
ring counter and twisted ring counter, Up/Down Cleun

Multivibrators: Astable and monostable (principl€stcuits and operation), Internal
circuit of IC 555, Timer circuit with 555. Digitadlisplay: Seven segment display
system, developing of display system for decimetialonumber system.

Books Recommended:

Jain, R. P. (2010) Modern digital electronic$,etl., Tata McGraw Hill, India

Anand Kumar, A. (2016) Fundamentals of DigitaldDits, 4" ed, PHI, India

Millman J. , Halkias C. C. and Parikh C. D. (201Imggrated electronics, McGraw Hill,
India

Sivakumar M. S. (2014)1ed., Fundamental of Digital Design, S. Chand &
Company, India

Kothari D. P. and Dhillon (2015) J. S. Digital Giits and Design®led., Pearson
Education India, India

Mano M. (2016) Digital Logic and Computer Desigft,et., Pearson Education India,
India
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7. Tocci, R. J. and Widmer, N. S. (2005) Digital tyss : Principles and Applications,

8 ed., Pearson New Int. Edition.

COURSE OUTCOME:

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

1. gain basic knowledge of application of Digital Logi gates.

2. learn the structure and use of flip flops, countersregisters etc

© o~

Course No: PHS 195: Electronics Practical-I| Credit 4
Marks: 50

To develop a LC filter (L type andtype) circuit having different cut-off frequencies
and to find out frequency response characteristics.

To study the drain characteristics & transfer cbastics (b satvs Vgs With Vps as
parameter) of a FET/MOSFET and to find out the rdragsistance, mutual
conductance and amplification factor.

To study a transformer and to find its various pegters.

To construct and design a regulated power supphguSp-Amp as comparator and
power transistor as pass element and to find sutipple factor and percentage of
regulation.

To obtain the frequency response characteristanoiverting operational amplifier
and to find out its band width.

To obtain the frequency response characteristica ohon-inverting operational
amplifier and to find out its band width.

To design a J-K master — slave flip-flop and tafyats truth table.

To design 4 bit shift register in SISO and SIPO eod

Design and study of 2 bit binary comparator.

COURSE OUTCOME:

With this course, students will be able to dsign and fabricate various digital and
analog electronic circuits, e.g. Op-Amp amplifierspscillator circuits.

Course No: PHS 196: Computer Programming and Numeaal
Methods

Credit4 Marks: 50

Computer programming using C/Python.

. Finite and infinite series. Finding roots using s&ition, Secant and Newton-

Raphson methods.

. Solving first and second order differential equasiausing Euler and Runge Kutta

methods. Integration using Trapezoidal, Simpsorhous.
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3. Matrices: Use of arrays, Matrix Operations, Eigdnga & Eigenvectors, Matrix
Inversion, Solving Systems of Linear Equations.

4. Partial differential equations. Finite Differenceetimod; Forward and Backward
difference methods, Finite Element method. Examples
(i) Quantum Mechanics: Solving Schrodinger's equegtiin a few potentials (box,
triangle, one dimensional harmonic oscillator).
(ii) Electromagnetism: Poisson and Laplace’s equati
(iif) Heat equation and Wave equation.

5. Use of various software packages like, Gnuplotgi@ri Mathematica.

COURSE OUTCOME:

The students will get good training in computer prgramming with applications to
various numerical methods. The programming knowledg can be used in various
branches of physics. Students will also get to lemrabout various software packages
that would be useful for research.
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SEMESTER- I

Course No: PHS 201.1: Quantum Mechanics-I| Marks25
Credit: 2 Classes: 20

1. Angular Momentum: Spin 1/2 system. Rotation matrices. General comtmouta
relations of angular momentum operators. Eigengalagenvectors. Ladder operators
and their matrix representations. Orbital angulasmantum. Addition of angular
momenta. Clebsch-Gordan coefficients. Tensor opexand Wigner-Eckart theorem.

(8)

2. Symmetries in Quantum Mechanics: Symmetries and conservation laws,
Degeneracies, Discrete spatial translation, tiraesiation. parity, time reversal. (4)

3. Approximation Methods for Stationary Systems: Time-independent perturbation
theory: nondegenerate and degenerate. Stark effeetman effect. Variational and
WKB methods and applications. (8)

Books Recommended:

1. Sakurai, J. J. and Napolitano, J. (2020) Moderarum Mechanics, 3rd ed.,

Addison-Wesley.

Schiff, L. I. (1969) Quantum Mechanics, 3rd ed.,@Aaw-Hill Book, New York.

Schwabl, F. (2007) Quantum Mechanics, 4th edinger.

Griffiths D. J. & Schroeter D. F. (2019) Introdiget to Quantum Mechanics, 3rd

ed., Cambridge Univ. Press.

5. Ghatak, A. K. & Lokanathan, S., Quantum Mechanid¢gory and Applications,
Macmillan India Ltd..

6. Cohen- Tannoudji, C., Diu, B. & Laloe, F. (2019)d&@tum Mechanics, Vol | &
II, 2nd Ed., Wiley.

7. N. Zettili, N. (2009) Quantum Mechanics: Concegutsl Applications, 2nd ed.,
Wiley India

8. Singh, J. (1996) Quantum Mechanics: FundamentalsApplications to
Technology, 1st Ed., Wiley VCH.

hwn

COURSE OUTCOME:

This course builds on the first part of the cours&uantum Mechanics I. At the end of
the course, students will be able to apply the pasates of Quantum Mechanics to
rotational motion. He/She will understand the link between the angular momentum
operator and the generator of rotations, the concdpof spin, Pauli spin matrices.

Angular momentum algebra will be introduced. Studems will learn the addition of
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angular momenta. Clebsch-Gordon coefficients and #ir recursion relations. They
will also be able to perform calculations using anglar-momentum techniques,
including the Wigner-Eckart theorem. In the later part of the course the students will
learn about the role played by symmetries and willearn to solve problems using
approximate methods for stationary systems. Importat applications such as Stark
effect, Zeeman effect will be discussed. Variatiohaand WKB methods will also be

introduced.

Course No: PHS 201.2: Methods of Mathematical Physs - I
Marks: 25 Credit: 2

Classes: 20

1. Partial differential equations: Elliptic, paraboland hyperbolic type equations,
Lagrange's formula for 2nd order partial differah&quation, Dirchlet Neumann and
cauchy Boundary value problem. Greens function atplications.

2. Integral transforms: Fourier series, Fourier transf, laplace transformation
inverse laplace transform. Solution of differengguation using LT and FT. Dirac
delta function and its FT.

3. Definition and nomenclature ; Examples ; Rearrarg@ntheorem ; Cyclicgroups ,
Subgroups and Cosets ; Conjugate elements and stiasgure ; Factor groups ;
Isomorphy and Homomorphy ; Direct product groufg/mmetric groups , Cayley's
theorem ; Representation of finite groups- Defamti, Unitary representation ,
Schur's Lemma , Orthogonality theorem , Reducihtéiareducible representations ,
Characters
; Regular representation ; Product representati@mayacter table , Examples of S_3
and C_4v ; Introduction to Lie groups and Lie ailgely Clebsch-Gordon
coefficients.

4. Integral equations. Fredholm and volterra equatadribe first and second kinds.
Fredholm’s theory for non-singular kernel.

Books Recommended

1. Arfken, G.B. and Weber, H.J. (2005) Mathematicatidels for Physicists, 16th ed.,
Elsevier Academic Press, USA.

2. Dennery, P. and Krzywicki, A. (1996) Mathematics Rhysicists, 1st ed., Dover
Publications Inc., United States.

3. Grewal, B.S. (1965) Higher Engineering Mathematitst ed., Khanna Publisher,
India.

4. Joshi, A\W. (2018) Group Theory for Physicists, ®ith, New Age International
Publishers, India.

5. Hamermesh, M. (1989) Group Theory and Its Applarato Physical Problems, 1st
ed., Dover Publications Inc., United States.

6. Dass, T. and Sharma, S.K. (1998) Mathematical Mitho Classical and Quantum
Physics, 1st ed., Universities Press Pvt. Ltd.iaind
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COURSE OUTCOME:

Familiar with the partial differential equationsda@reen’s functions
Understand the integral transforms

Know the concepts of symmetry and group theory
Understanding of the integral equations

YV V VYV

Course No: PHS 202.1: Condensed Matter Physics- Il
Marks: 25  Credit: 2
Classes: 20

1. Superconductivity: Normal metal and alloy, Superharting material, Resistivity:
Normal metal, perfect metal, superconductor, Thelynamics of a super conductors:
Gibbs Free Energy, Entropy, Specific heat, OrdePlbdse Change, Resistance less
circuit, Meissner Effect, Consequence of zero tasie, London Theory, Magnetic
Levitation, Macroscopic Quantum Description of tBepercurrent, The Quantum
Mechanical Current: Perfect Conductivity - First ndon Equation, Perfect
Diamagnetism - Second London Equation, The TwoeFIModel, Propagation
characteristics at finite temperatures of a supetaotor, Josephson Tunneling, D.C.
Josephson Tunneling, A.C. Josephson Tunneling.

2. Dielectrics: Complex dielectric constant and digieclosses, dielectric losses and
relaxation time.

Books Recommended:

1. Kittel, C. (2012) Introduction to Solid State Phogied. 8, Wiley Publishers, India

2. Rose-Innes, A. C., and Rhoderick, E. H. (1969)olhtiction to Superconductivitys'1
ed., Paragon Press, UK.

3. Omar, M. A. (2002) Elementary Solid State PhysRisaciples & Applications, sted.
Pearson India

4. David, N. University, C., and Ashcroft, N. W. (2008olid State Physics'ked.,
Cengage, India

5. Annett, F. (2004) Superconductivity, Superfluidsgd &ondensates: 5 (Oxford Master
Series in Physics,) 3%ed.OUP Oxford, UK.

6. lbach, H., and lth, H (2009) Solid-State PhysicAn Introduction to Principles of
Materials Science,™ed. Springer, Germany

7. Dekker, A. J. (2000) Solid State Physics, Macmilsndent ed., Pan Macmillan, India

COURSE OUTCOME:

This course is combined with the basic theory and henomenology of

superconductivity and dielectrics and their many aplications in basic science and
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technology. The course on superconductivity includethe electrical and magnetic
properties of superconductors, the thermodynamicsfesuperconductors, the origin of
guantized magnetic flux and the Josephson tunnelingThe dielectrics course is
devoted to the study of dielectric polarization andrelaxation phenomena in
condensed matter. Basic theory and different expamental techniques of dielectrics

are given

Course No: PHS 202.2: Semiconductor Physics

Marks: 25 Credit: 2
Classes: 20

1. Electron & Hole statistics in a semiconductors: Noegenerate & degenerate
semiconductor, Intrinsic semiconductor, lonizatemergy calculation, Distribution
function over an impurity state, N type & P typenseonductor

2. PN junction in equilibrium, Einstein Relation, Diffion length, Derivation of diode
equation, Junction capacitance, Metal Semicondyghmtion.

3. Equilibrium & Non-equilibrium carriers, Photocondivity & related device,
Recombination via trap, Solar cell.

Books recommended:
Kireev: Semiconductor Physics

Streetman & Banerjee: Introduction to Solid StatcEonics
Smith: Semiconductor
Dekker: Solid State Physics

Pwn P

COURSE OUTCOME:

Students are enriched in semiconductor field by takg the course. Most modern
Devices are based on semiconductors. Hence it ispartant to know the basics of
Semiconductors. The students will hence understanthe operation and mechanism
of important semiconducting devices. The course Wilalso provide interest to

students for research in semiconducting field.
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Course No: PHS 203.1: Analog Electronics-Ii

Marks: 25 Credit: 2
Classes: 20

() Network analysis : Network theorems, equivalemtuits, two-port parameters
hybrid parameters, Driving point impedance and #@mce, Foster's reactance
theorems, properties of poles and zeros of reaetafunction, Topological
descriptions of different commonly used networkdp T and T tor conversions,
reduction of a complicated network into its equevdl T andr form.

(i) Filter Circuit : L filter, = filter, iterative impedance, image impedance of a
network, symmetrical network, characteristic impsmaand propagation constant of
a network. Methods of development of different ¢ansk filters like high pass, low
pass, band pass and band stop filter circuits.

Transmission Lines: Line parameters, characterishpedance and propagation
constant of a transmission line, voltage and cureguations of transmission line :
Telegraphers’ equations and their complete solgfi@itenuation constant, phase
constant, line of finite length behaving as a lwfeinfinite length, reflection co-
efficient in a line, velocity of signal in a linepltage standing wave ratio, Input
impedance of Lossless line, line at radio frequen@yigin of distortions in a
transmission line, distortion less line, cable féatation telephone cable.

Thyristors: SCR, Triac, Diac, characteristics pagtars, Thyristor rectifier & control
circuits, DC Power control by SCR and AC power colnby Triac.

Books Recommended:

Ryder, J. D. (2015) Networks, Lines and Field$,e?l., Pearson Education, India.

Van Valkenburg, M.E. (2019) Network Analysi¢? 8d., Pearson Education, India.
Sze, S.M. (2008) Physics of Semiconductor Devigésd., Wiley, India.

Millman, J. and Halkias, C.C. (2017) Integrateddiienics, Tata McGraw Hill,
India.

COURSE OUTCOME:

After completion of this course, students will be ble

to achieve the detail knowledge of network analysis

to understand the operation and design of differenkinds of passive filters.

to gain knowledge on transmission lines: its theorgnd applications.

to achieve the detail knowledge of operation and gtication of different kinds of
thyristors like SCR, Triac, Diac etc.
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Course No: PHS 203.2: Digital Electronics-II
Marks: 25 Credit: 2
Classes: 20

Combinational circuits: MUX, DeMUX, Encoder, Decogdé bit comparator. ADC
and DAC circuits. Code conversions : BCD to Bineoypverter, Binary to BCD
converter.

Memory Unit: Construction of memory, Expansion ofemory, Memory
classification, Bipolar and MOS storage cells. Gigation of RAM, address
decoding, Registers and stack, ROM, PROM, EPROM?REEEM, SRAM, DRAM,
and FPLA. Organization and erasing schemes, Magnetemories, Optical
Memories, Semiconductor Memories.

The ALU: ALU organization, Integer representati@erial and Parallel Adders, 1's

and 2's complement arithmetic, Multiplication ofysed binary numbers, Floating
point representation, Overflow detection, Statagdl

Review of 8085 Microprocessor, Internal structuiifferent register system,
organization and assembly language. Instructions 8085 Microprocessor,
Microprocessor Programming.

Books Recommended:

Jain, R. P. (2010) Modern digital electronic$,etl., Tata McGraw Hill, India

Anand Kumar, A (2016) Fundamentals of Digital Qits, 4" ed, PHI, India

Kothari, D. P. and Dhillon, J. S. (2015) Digitalr€liits and Design®ied., Pearson
Education, India.

Mano, M. (2016) Digital Logic and Computer Desidfl,ed., Pearson Education India,
India

Tocci, R. J. and Widmer, N. S. (2005) Digital Syste: Principles and Applications"8
ed., Pearson New Int. Edition.

Gaonkar, R. (2013) Microprocessor Architecture glamming and Applications with
8085, " ed., Penram International Publishing, India

Kharate, G.K. (2010) Digital Electronics, Oxford idersity Press, India

COURSE OUTCOME:

After completion of this course, students will be ble

1.to understand the basic structure of 8085 microproessor.

2.to learn the structure and use of different memoryunits.

3.to gain basic idea of digital communication.
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1.

Course No: C-PHS 204: Concepts of Physics: Invenths and

applications (CBCS)
Marks: 50 Credit: 4
Classes: 40

Important Developments of Physical Science befof¥ 2entury: Introduction;
Archimedes' principle; Concept of inertia — Galil@alilee; Newton’s laws of motion
and law of gravity; Kepler’s law of planetary matjdNewton’s law of gravitation from
Kepler's law of planetary motion; Concept of Classi Mechanics; Frame of
references; Wave theory of light by Young; Daltordasomic theory of matter;
Discovery of electron; Plum pudding model of atom.

Progress of Physics in ©Qentury: Introduction; Photoelectric effect by Eeis;
Experimental study of photoelectricity — Lenard’speriments; Discovery of the
atomic nucleus — Rutherford alpha-particles sdatjerexperiment; Concept of
Quantum Mechanics; Radioactivity; Introduction tdectronics and devices;
Electromagnetic induction and its applications;uctibn oven.

Physics of Nature: Scattering of light — Rayleighpmson and Mie scattering; Tyndall
effect; Blue colour of sky; Colour of Sun; RainboMalo; Refraction and reflection of
light; Mirage.

Electrical conductivity, perfect conductivity, supeonductivity, Meissner effect,
Magnetic levitation.

Electromagnetic wave: Basic idea about the germaradf electromagnetic spectrum
from radio frequency tg-ray; Microwave oven.

Materials: Crystal and amorphous; Nano materialas&

Development of different light sources: Incandesdarb; Vapour lamp; Arc Lamp;
Fluorescence Lamp (Tube light, CFL); Light Emittibgode (LED); LASER — basic
idea on different level laser system; Field emissio

Basic idea about: Optical fiber; Photo-detectoridgoaphy; Non-linear Optics

Medical Instrumentations: Blood pressure measurémdemice; Blood sugar testing
device; X-ray; Ultrasonography (USG); Magneto Resme Imaging (MRI);
Photodynamical Therapy (PDT).

Electrical and electronic devices: Optical caménansistor radio, AM and FM radio,
Digital Camera, Mobile, Fan, electric generatoririgerator.

Books recommended:
Reference for journal article
Kires, M. (2007) Archimedes’ principle in actiomhygics Education, 42, 484-487.
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2.

Sadaghiani, H.R. (2015) Quantum mechanics conasgisament: Development and
validation study, Physical Review Special Topid3hysics Education Research, 11,
010110.

Reference for a book as general

1.

2.

8.

9.

Barnal, J.D. (2016) Itihase Bijnan, Ananda Publistivt. Ltd, 1st ed., Kolkat, India.
((In Bengali)

Bowler, P.J. and lwan, R.M. (2020) Making Modernefce: a Historical Survey, 2nd
ed., University of Chicago Press, Chicago, Unitades

Sen, S.N. (2017Bigyaner ltihas - The History of Scienc®aibya Prakasan Bibhag,
Kolkata, India. (In Bengali)

Dashgupta, C.R. (2004) Snatak Padartha Vigyan (ipaviKkhanda), 3rd ed., Book
Sindicate Pvt. Ltd., Kolkata, India. (In Bengali)

Ghatak, A. and Thyagarajan, K. (2016) Optical Etmuts, 1st ed., Cembridge
University Press India Pvt. Ltd, New Delhi, India.

Ghoshal, S.N. (2015) Nuclear Physics, Reprint dst® Chand & Company Pvt. Ltd.,
India.

Heath, T.L. (1897) The Works of Archimedes, 1st €hmbridge University Press,
England.

Rose-Innes, A.C. and Rhoderick, E.H. (1978) Intatidun to Superconductivity, 2nd
ed., Peragom Press, United Kingdom.

Tayal, D.C. (2015) Nuclear Physics, Reprint 5th, étimalaya Publishing House,
India.

10.Khandpur, R.S. (2014) Handbook of Biomedical Instemtation, 3rd ed., McGraw

Hill Education (India) Private Limited, India.

11.Tarasov, L.V. (1986) Laser Physics and Applicatjodst ed., Mir Publishers,

Moscow.

12.Banwell, C.N. and McCah, E.M. (2017) Fundamentélslolecular Spectroscopy, 4th

ed., Tata McGraw - Hill Publishing Company Limitédew Delhi, India.

13.Waldman, G. (1983) Introduction to Light: The Plegsof Light, Vision, and Color,

3rd ed. Prentice Hall, United States.

14.Webster, J.G. (2009) Medical Instrumentation: Apgion and Design, 4th ed., Wiley,

United States.

Reference for a book chapter in an edited volume

1.

3.

4.

Evans, R.D. (1955) Chapter 1: Charge of Atomic Hus| In The Atomic Nucleus, 3rd
ed., ed. by Evans, R.D., Tata McGraw-Hill Publigh@®ompany Limited, India, pp. 6-
27.

Goldstein, H., Poole, C. and Safko, J. (2000) Girapt Survey of the Elementary
Principles, In Classical Mechanics, 3rd ed., edGlydstein, H., Poole, C. and Safko,
J., Addison Wesley, United States, pp. 1-34.

Levi, A.F.J. (2016) Chapter 1: Concepts in cladsiwachanics, In Classical
Mechanics, 4th ed., ed. by Isenberg, C., IOP, dritimgdom.

Wong, S.S.M. (2004) Introductory Nuclear Physicy] 2d., WILEY-VCH Verlag
Gmbl 1 & Co. KGaA, Weinheim, Germany, pp. 1-20.

Reference for materials in a book

1.

2.

Evans, R.D. (1955) The Atomic Nucleus, 3rd ed.aMtGraw-Hill Publishing
Company Limited, India, pp. 6-27.
Evans, R.D. (1955) The Atomic Nucleus, 3rd ed.aMtGraw-Hill Publishing

Downloaded from Vidyasagar University by 14.139.211.194 on 27 Apr 2026 18:16:08 PM; Copyright (c) : Vidyasagar University
http://download.vidyasagar.ac.in/OpenLink.aspx?LINKID=107



3.

wn

©~NOOA

Company Limited, India, pp. 470-510.
Goldstein, H., Poole, C. and Safko, J. (2000) @ass#/lechanics, 3rd ed., Addison
Wesley, United States, pp. 276-285.

COURSE OUTCOME:

Know many important developments of Physical Sadpefore 28 century
Know the progress of Physics in"2@entury

Understand thehysics of Nature, electrical conductivity, eleati@gnetic wave
Know several materials, different light sourceglegal optics, medical
instrumentationsglectrical and electronic devices

YV VYV

Course No: PHS 295: Electronics Practical-ll
Credit: 4 Marks: 50

To design a 4 bit ripple up/down counter and toetigy different modulo counters
from it.

To design 4 bit Ring counter and Twisted Ring ceunt

Study of differential amplifier circuit using OP-amand find out its transfer
characteristics and differential mode gain.

Design of a window comparator using Op-amps andysits characteristics.

Astable and Monostable multivibrator with timer $G5.

Determination of the Slew Rate (SR) of an Op-amp.

To design a Colpitt oscillator using transistor.

To design and develop FET amplifier and to find datlinearity and frequency
response characteristics.

Band gap measurement of a Semiconductor usinguhdipn.

COURSE OUTCOME:

This course will help the students to dsign and fabricate various digital and analog

electronic circuits, e.g. counters, multivibrators,oscillator circuits.

w N

oo bk

Course No: PHS 296: Advance Practical-I

Credit: 4 Marks: 50
Group-A

Linearisation LED Characteristics and finding du¢ guantum efficiency.
Determination of Plank’s constant (using photo ieeffect).
Measurement of the Hall coefficient of a given sévgnd calculation of its
concentration.

Determination of refractive index using Michelsorelrferometer.
Measurement of e/m by magnetron valve

Study of the characteristics of a GM tube.

Downloaded from Vidyasagar University by 14.139.211.194 on 27 Apr 2026 18:16:08 PM; Copyright (c) : Vidyasagar University
http://download.vidyasagar.ac.in/OpenLink.aspx?LINKID=107



© N

1.
2.
3

8.

9.

Crystal structure determination by X-ray diffractimethod.
To verify inverse square law using G-M counter.
Determination of electron temperature by singleopromethod.

Group-B

Determination of response time of a LRD.
Determination of Plank’s constant (using solar)cell

. To Study experimentally the variation of resisyvibf semiconductor with

temperature and hence to find out the band gamgner

4. To estimate the separation between the two pldtad-ebry-Perot interferometer.
5.
6
7

Frank Hertz experiment.

Determination of Electron / lon temperature by Dieylrobe method.
Determination of the gamma and beta ray absorgiefficients by using
a G.M. counter.

Determination of Curie temperature.

Study of nuclear counting statistics using a GMnteu

10. Characteristics of a Photo Diode.

COURSE OUTCOME:

This practical course structure is designed to impa the students to provide

strong hands-on laboratory training in modern, currently active, areas of Physics

particularly in optics, semiconductor physics and nclear physics.
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1.

SEMESTER- I

Course No: PHS 301.1: Quantum Mechanics-lIi
Marks: 25 Credit: 2
Classes: 20

Identical particles: Permutation Symmetry. Symmetrization postulate:ragtnic and
antisymmetric wave function, Pauli’s exclusion Einote. Slater determinant. Two-
Electron System- The Helium atom, ground state efum atom. (5)

Approximation Methods for time-dependent perturbations: Interaction picture.

Time-dependent perturbation theory. Transition tmatinuum of final states—Fermi’s
Golden Rule. Constant and harmonic perturbationsidd&n and adiabatic
approximations. (5)

Non-relativistic Scattering: Lippmann-Schwinger Equations, Green’s function
method. Born approximation, S-Matrix, Optical theror, Method of Partial Waves,
Phase shifts. (5)

Relativistic quantum mechanics: Historical survey. Klein-Gordon and Dirac
equations. Properties of Dirac matrices. Plane ve&hations of Dirac equation. Spin
and magnetic moment of the electron, non-reldto/lanits. (5)

Books Recommended:

1. Sakurai, J. J. and Napolitano, J. (2020) Moderar@um Mechanics, 3rd ed.,

Addison-Wesley.

2. Schiff, L. 1., (1969) Quantum Mechanics, 3rd edc@®faw-Hill Book, New York.
3. Schwabl, F. (2007) Quantum Mechanics, 4th edin§er.
4. Griffiths, D. J. & Schroeter, D. F. (2019) Intraddion to Quantum Mechanics, 3rd

ed., Cambridge Univ. Press.

5. Ghatak, A. K. & Lokanathan, S. Quantum Mechanid¢gory and Applications,

Macmillan India Ltd..

6. Cohen- Tannoudji, C., Diu B. & Laloe F. (2019) Qtian Mechanics, Vol | &

II, 2nd Ed., Wiley.

7. N. Zettili, N. (2009) Quantum Mechanics: Concegutsl Applications, 2nd ed.,

Wiley India

8. Singh, J., (1996) Quantum Mechanics: FundameatalsApplications to

Technology, 1st Ed., Wiley VCH.
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COURSE OUTCOME:

The part three of the course on Quantum Mechanics ainly focusses on developing
more tools for studying applications to atomic, nulear and solid-state physics.
Students will learn about the formalism and applicons of quantum mechanics to
identical particles. In this context the Helium aton will be discussed. Students will be
introduced to the techniques of time-dependent pewrbation theory, transition to a

continuum of final states and Fermi’'s Golden RuleThe application of time dependent
formulation to quantum theory of scattering, which is widely used in nuclear and

particle physics will also be discussed.

Course No: PHS 301.2: Statistical Mechanics - |
Marks: 25 Credit: 2

Classes: 20

1. Scope and aim of statistical mechanics. Transitiom thermodynamics to statistical
mechanics. Review of the ideas of phase spacegpiaats, Ensemble, Density of
phase points. Liouville’s equation and Liouvillérseorem.

2. Stationary ensembles: Micro canonical, canonical grand canonical ensembles.
Partition function formulation. Fluctuation in eggr and particle. Equilibrium
properties of ideal systems: ideal gas, Harmonicillasors, rigid rotators. Para
magnetism, concept of negative temperature.

3. Density matrix: Idea of quantum mechanical ensemBitistical and quantum
mechanical approaches, Properties. Pure and Mixatkss Density matrix for
stationary ensembles. Application to a free pagticla box, an electron in a magnetic
field. Density matrix for a beam of spin Y2 partgleConstruction of the density
matrix for different states (pure and mixture) armiculation of the polarization
vector

4. Distribution functions. Bose-Einstein and Fermi-dgirstatistics. General equations of
state for ideal quantum systems.

Books Recommended:

1. Pathria, R.K. (2001) Statistical Mechanics, 2nd &ditterworth-Heinemann, Oxford,
England.

2. Huang, K. (1987) Introduction to Statistical Mecltan 2nd ed., John Wiley & Sons,
Inc., United States.

3. Blundell, S.J. and Blundell, K.M. (2006) Concepts Thermal Physics, 2nd ed.,
Oxford University Press, Oxford University Presagi&nd.

4. Reif, F. (2010) Fundamentals of Statistical andrfrte Physics56946th ed., Sarat
Book Distributors, India.
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. Kadanoff, L.P. (2000) Statistical Mechanics: Swgtibynamics and Renormalization,
1st ed. World Scientific Publishing Co. Pvt. Ltdindia.

. Kubo, R. (1988) Statistical Mechanics: An Advanc&durse with Problems and
Solutions, 17th ed., Elsevier, Netherlands.

COURSE OUTCOME:

»  Know the concepts of phase space

» Understanding different ensembles with applicationcondensed matter and
other branches of physics

» describe the features and examples of Maxwell-Baodizn, Bose-Einstein and
Fermi-Dirac statistics

» Learning the Modern aspects of equilibrium and nequilibrium statistical
Physics.

» Work with various models of phase transitions arteermodynamical
fluctuations.

» Describe physical quantities in quantum systems.

Course No: PHS 302.1: Molecular Spectroscopy & Las€&hysics
Marks: 25 Credit: 2

Classes: 20

. Microwave spectroscopy: Conversation of differepecroscopic units, Basic idea
about the generation of electromagnetic spectrusm fradio frequency to-ray.
Rotations of molecules, Diatomic molecular rotasibspectroscopy of rigid and non-
rigid diatomic molecules, Intensity of spectral egy microwave spectroscopy of
symmetric type of molecules, Stark effect.

Infra-red spectroscopy: Diatomic molecular vibratib spectroscopy with harmonic
and anharmonic vibration, vibrational and rotatiorspectroscopy, anharmonic
oscillation constant, rotational constant, Dissboraenergy.

. Visible and ultraviolet spectroscopy: Molecular attenic spectroscopy, Frank
Condon principle, Molecular electronic vibratiomatational spectroscopy, Born-
Oppenheimer approximation, Fortrat diagram, Baratlhe

. Laser: Spontaneous and stimulated emission, La&semator, population inversion,
active and passive laser resonator, Threshold tondisaturation condition, Quality
factor, Burger’'s law, classification of laser Thremel laser and four level laser
system, equation of population inversion and thwkspower calculation for the laser
systems. Q switching, Application of laser.

Books Recommended

. Banwell, C. N., and McCah, E. M. (2017) FundamentdIMolecular Spectroscopy,
4™ ed., Tata McGraw - Hill Publishing Company Limitéddia.

. Aruldas, G. (2007) Molecular Structure and Speciwpy, 29 ed., PHI Learning
Private Limited, India.
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3. Hertzberg, G. (1951) Molecular Structure and Molac&pectra: vol. 1, Spectra of
Diatomic Molecules, Z'ed., Van Nostrand.

4. Herzberg, G. (1945) Molecular Structure and Molac@pectra: vol. 2, Infrared and

Raman Spectra of polyatomic Molecules! B8inting ed., Van Nostrand.

Barrow, G. M. (1962) Molecular Spectroscopy,ed.McGraw-Hill Inc.,US

Ghatak, A., and Thyagarajan, K. (2007) Optical Eteucs, Special ed. for sale in

South Asia, Cambridge University Press India Pid, India.

oo

COURSE OUTCOME:
This course is combined with the basic theory andhgnomenology of Laser Physics
and provides an introduction to molecular spectrosapy. The course on laser physics
provides an insight into the physical principles ofbperation of lasers, construction of
laser, and their applications in different areas ofscience and industry. This course
also covers different methods of Q-switching for te generation of ultra-short laser
pulse. The course on molecular spectroscopy introdes the three key spectroscopic
methods used by physicist, chemist and biochemisb tanalyze the molecular and
electronic structure of atoms and molecules. Thesare Rotational, Vibrational and
Electronic spectroscopy. Numerous exercises are prided to facilitate mastery of

each topic

Course No: PHS 302.2: Nuclear Physics-I
Marks: 25  Credit: 2

Classes: 20

1. Properties of Nuclei and classification of nucliddRecapitulation of nuclear
properties and types of nuclides; Magnetic dipotammant of nuclei, nuclear magnetic
moment determination — Resonance method of Rabi @oitbagues; Electric
multipole moment — electric quadrupole moment angclear shape; Mass
spectrometry — basic components of mass spectrescapd double focusing mass
spectrometer of Nier and Roberts.

Odd-even nuclei; Semi-empirical mass formula asdfiplications — mass parabolas
for isobars.

2. o-radiation anda-radioactivity: Recapitulation ofr-particle spectra; Systematics of
a-decay energies; Theory afdecay — Gamow’s theory af-decay, hindrance and
formation factors; Energy-loss of-particles in matter, theoretical calculation cof
particle range in matter and straggling of range.
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3. pradiation andB-activity: Energetics of3-decay; Nature ofs-spectrum; Neutrino
hypothesis and detection; Fermi’'s theoryfetlecay and Kurie plot; Absorption of
electrons in matter — ionization loss, radiatiossland range of electron; Simple ideas
of parity violation ing-decay; Inverse and doulfedecay.

4. radiation: Passage ¢frays through mattep-ray spectra and nuclear energy levels;
Radiative transitions in nuclei — multipole radies and modes gkray transition;
Nuclear isomerism; Nuclear resonance fluorescedossbauer effect — recoil free
ray spectroscopy and applications of Mossbauectffe

Books Recommended :
Reference for journal article

1. Hatsukawa, Y. (1990) Systematics of alpha decaftlivak. Physical Review C, 42,
674-682.

2. Perlman, I., Ghiorso,A. and Seaborg, G.T. (195Gt&yatics of Alpha-Radioactivity.
Physical Review, 77, 26-50.

3. Mattauch, J. (1936) A Double-Focusing Mass Specaiy and the Masses ofNand
08 Physical Review, 50, 617-623.

4. Nanni, L. (2019) Fermi’'s Theory of Beta Decay: ArdfiAttempt at Electroweak
Unification. Advanced Studies in Theoretical Phgsit3, 281-293.

5. Neyens, G. (2003) Nuclear magnetic and quadrupaments for nuclear structure
research on exotic nuclei. Reports on Progressysies, 66, 633-689.

6. Roy, A. (2005) Discovery of Parity Violation. Resmite, 6, 32-43.

7. Perlman, |., Ghiorso,A. and Seaborg, G.T. (1949)afisn Between Half-Life and
Energy in Alpha-Decay. Physical Review, 75, 109610

8. Rabi, LI, Millman, S. and Kusch, P. (1939) The Ibtular Beam Resonance Method
for Measuring Nuclear Magnetic Moments. PhysicaliBe, 55, 526-535.

9. Santilli, R.M. (2007) The Etherino and/or the Néur Hypothesis. Foundations of
Physics, 37, 670.

10.Silisteanu, 1., Budaca, A.l. and A. O. SilisteaAuO. (2010) Systematics ofDecay
Half-Lives of the Heaviest Elements. Romanian Jaluoh Physics, 55, 1088-1110.

Reference for a book as general

1. Basdevant, J.L., Rich, J. and Spiro, M. (2005) fmmentals in Nuclear Physics: From
Nuclear Structure to Cosmology, 1st ed., Sprinyexy York, USA.

2. Blatt, J.M. and Weisskopf, V.F. (1979) Theoretibhiclear Physics, 1st ed., Springer,
Germany.

3. Cohen, B. (1974) Concepts of Nuclear Physics, Ikt ®cGraw Hill Higher
Education, United States.

4. Elton, L.R.B. (1965) Introductory Nuclear Theoryyd?ed., Sir Isaac Pitman & Sons
Ltd, United Kingdom.

5. Evans, R.D. (1955) The Atomic Nucleus, 3rd ed.,aThtcGraw-Hill Publishing
Company Limited, India.

6. Srivastava, B.N. (25019) Basic Nuclear Physics @odmic Rays, 18th ed., Pragati
Prakashan, India.

7. Ghoshal, S.N. (2015) Nuclear Physics, Reprint dst® Chand & Company Pvt. Ltd.,
India.

8. Krane, K.S. (1987) Introductory Nuclear PhysicsyR&rd ed., John Wiley & Sons,
United States.
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9.

10.

11.

12.

13.

Kaplan, I. (2002) Nuclear Physics, 19th ed., Nafshlishing House, India.

Lim, Y.K. (2000) Problems and Solutions on Atonizclear and Particle Physics, 1st
ed., World Scientific Publishing Co. Pte. Ltd., apore.

Segre, E.G. (1977) Nuclei and Particles: An Intcithun to Nuclear and Subnuclear
Physics, 2nd ed., Basic Books, United States.

Tayal, D.C. (2015) Nuclear Physics, Reprint 5th, étimalaya Publishing House,
India.

Wong, S.S.M. (2004) Introductory Nuclear Physicsd 2d., WILEY-VCH Verlag
Gmbl | & Co. KGaA, Weinheim, Germany.

Reference for a book chapter in an edited volume

Krane, K.S. (1987) Chapter 16: Nuclear Spin and Mois, In Introductory Nuclear
Physics, Rev. 3rd ed., ed. by Krane, K.S., JohreW\8l Sons, United States, pp. 602.-
652.

Preston, M.A. and Bhaduri, R.K. (1982) Chapter Alpha Radioactivity, In Structure
of the Nucleus, 2nd ed., ed. by Preston, M.A. ahadsiri, R.K., Addison-Wesley
Publishing Company, Inc., United States, pp. 509-54

Roy, R.R. and Nigam, B.P. (2014) Chapter 13: Betxdy, In Nuclear Physics:
Theory and Experiment, 2nd ebtlew Age International Pvt. Ltd., India, pp. 496-540

Reference for materials in a book

Krane, K.S. (1987) Introductory Nuclear PhysicsyR&d ed., John Wiley & Sons,
United States, pp. 193-203.

Preston, M.A. and Bhaduri, R.K. (1982) Structurehs Nucleus, 2nd ed., Addison-
Wesley Publishing Company, Inc., United States3pp22.

Roy, R.R. and Nigam, B.P. (2014) Nuclear Physid¢sedry and Experiment, 2nd ed.,
New Age International Pvt. Ltd., India, pp. 5-45.

COURSE OUTCOME:

Understand the basic properties of nuclei

Know the classification of nuclides

Understand the three radioactive decay phenomena

Knowledge on the interactions of alpha, beta amdrga radiations with matter
Understanding of different nuclear spectroscopy

YV V VYV

Course No: PHS 303A: Advanced Condensed Matter Phygs —|
Marks: 50 Credit: 4
Classes: 40

Optical Properties: Transverse plasma frequencyrépggation of electromagnetic
wave in a material, Longitudinal plasma frequencpl&mon, Electrostatic screening,
Thomas Fermi dielectric function, Motts metal teutator transition, Polariton & LST

relation, Polaron.

Defect studies: Luminescence, Colour center, Pd&fects in solid, Diffusion in an

ionic crystal, lonic conductivity, Line defect.
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Quantization of orbit in a magnetic field {Landavéls}, De Haas Van Alphen Effect,
Boltzman transport equation & applied to metaldina electrical conductivity. 2D
electron gas in Transverse Magnetic Field.

Exciton, Raman effect in crystal, Kramers Kroniglation, Ferroelectric
characteristics & their classification, Polarizatio catastrophe, Origin of
ferroelectricity, Landaus theory of ferroelectmartsition.

Books recommended:
Solid State Physics: C. Kittle
Kireev: Semiconductor Physics
Solid State. Physics : Neil W. Ashcroft. N. Davigivhin(Cengage Learning India)
O. Madelung — Introduction of Solid State Theorpri8ger).
J.M. Ziman:Principles of the theory of solids
Solid State Physics: Mattis

COURSE OUTCOME:

The course topic is Condensed Matter Physics speki@aper which covers large part
in this field. The course enriches the student in any fields like defects in solid and
introduces important new particles like Plasmon, Plariton, Polaron, Exciton. The
course also includes Luminescence in solid and traport properties of metal. The
course also describes the origin of Landau LevelsThe course will motivate the
students to do research in these fields both in Theetical as well as Experimental

Condensed Matter physics.

Course No: PHS 303B: Applied Electronics-I

PHS 303B.1: Applied Analog Electronics-l Marks: 25 Credit: 2
Classes: 20

Special OP- AMP Circuits & applications: Bridge difigr circuit : advantages over
single stage amplifier, instrumentation amplifiel@garithmic amplifiers, anti-log
amplifier, analog multiplier, summing integratorhopper modulator, chopper
stabilized amplifier, pulse width modulator, Regetiwe comparators and their
uses, pulse generator, ramp generator, squaraiandular wave generator, crystal
oscillator, voltage controlled oscillator (VCO). t#he filters, Butterworth
characteristics, first, second and higher order p@ass and high pass active filters,
band pass and band stop active filters.

Voltage regulators : Series Op-amp regulator, Qurfieniting, Foldback current
limiter, IC regulator, precision current and vokagpurces, Switching Regulators.
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3. Phase Lock Loop (PLL) & applications: Operation PIEL, characteristics and
parameters, Application of PLL: Frequency multiption, tracking, FM
demodulation, Order of PLL.

4. Detectors: Peak detectors, zero-crossing detectphgse-sensitive detectors,
precision rectifier.

Books Recommended:

1. Gayakwad , R.A. (2015) Op- Amps and Linear IntegplaCircuits, # ed., Pearson
Education, India.

. Millman, J. and Halkias, C.C. (2017) Integrateddiienics, Tata McGraw Hill, India.

3. Roddy, D. and Coolen, J. (2008) Electronic Commations, 4' ed., Pearson
Education, India

4. Gray and Meyer (2009) Analysis and Design of Andfdggrated Circuits, Sed.,
Wiley, India.

5. Soclof, S. (2004) Design and Applications of Analogegrated Circuits, PHI, India.

N

COURSE OUTCOME:
To develop the concepts of electronics in order tstrengthen the understanding of
electronic devices those are the part of our surrauding technologies.
After completion of this course, students will be kle to
1. achieve detail knowledge of application oriented OAmp circuits.
2. understand details inside the linear and switched ode regulated power supplies.

3. know the components, operation and use of phase kax loop.

PHS 303B.2: Applied Digital Electronics-l Marks: 25 Credit: 2
Classes: 20

1. Digital Logic families: DTL, TTL, ECL, MOS, CMOS fc circuits, their
advantages, disadvantages and comparison : Spemgkrdtion, Power dissipation,
Figure of merit, Fan-in and Fan-out.

2. Different memory systems : Memory organization aaddressing, Sequential
Memory : Charge coupled devices (CCD), Unit cellS#AM and DRAM, Ratioed
and Ratio-less shift registers, Special MemorysuttRAM, RRAM, PAL, FPLA. .

3. Specialized Communication Systems: Mobile Commuidna- Concepts of cell and
frequency reuse, Hands-off technique, Descriptidn cellular communication
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standards; Computer communication: LAN, WAN, Congputopology, TCP/IP
Protocol, Circuit message and packet switched miwsydesign and examples of
ARPANET, ISDN, Medium access techniques — TDMA, FBMCDMA, ALOHA,
Slotted ALOHA, CSMA/CD; Basics of protocol.

Books Recommended:

. Jain, R. P. (2010) Modern digital electronic§,etl., Tata McGraw Hill, India

Anand Kumar, A. (2016) Fundamentals of Digitaldits, 4" ed, PHI, India

Kothari, D. P. and Dhillon, J. S. (2015) Digitalr@iits and Design i ed., Pearson
Education India, India

Tocci, R. J. and Widmer, N. S. (2005) Digital Sys$e: Principles and Applications"8

ed., Pearson New Int. Edition.
Roddy, D. and Coolen, J. (2000) Electronic Commatimns, 4' ed., Prentice Hall of

India, India
. Taub, H. and Schilling, D. (2017) Digital Integrdt Electronics, McGraw Hill

Education, India
Taub, H., Schilling, D. and Saha, S. (2017) Prles of Communication System™ 4

ed., McGraw Hill Education, India

w N

COURSE OUTCOME:
To develop the concepts of electronics in order tstrengthen the understanding of
electronic devices those are the part of our surrawing technologies.
1. to get details of different logic families like DTL, TTL, ECL, MOS, CMOS, etc.
2. to understand the in-depth knowledge of different rmmory units.
3. to gain basic knowledge of advanced communicatiolystems like mobile &

computer communication

Course No: PHS 303C: Applied Optics and Opto-electmics — |

Marks: 50 Credit: 4
Classes: 40

1. Optical Sources :Principle of operation of LED , and Semiconductangtion Laser ,
Internal and External quantum efficiencies of LED Djfferent efficiencies of
Semiconductor junction Laser , Equations relatihg tight intensity of LED and
Semiconductor Laser with applied current, Quantuefl \aser , Principle of operation
of quantum well Laser .

2. Optical detector : PiN detector , Quantum efficiency of PiN detectowalanche photo
detector, Equations relating the applied light msiey with received photo current of a
PiN detector and that of a Avalanche photo detecidark current of a photo detector,
Shot noise, Signal to noise ratio of a photo dete&hoto conductor and its principle of
operation, Photo transistor and its principle oérgpion .
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3. Optical fiber communication : Types of optical fiber , Propagation of electrometgm
radiation through 3-dimensional cylindrical stepeér optical fiber and through graded
index optical fiber, Concept of TEM modes in cyliiwadl fiber. Dispersion in optical
fiber; multi path dispersion , material dispersiand wave guide dispersion, Derivation
of the expressions of dispersions, concepts ofedsspn free fiber and dispersion
compensated fiber, maximum bit rate in optical fidgower budget equation and Time
budget equation, Wavelength division multipleximgl aemultiplexing.

Books Recommended:

1. Ghatak, A., and Thyagarajan, K. (2007) Optical Etmtcs, Special ed. for sale in
South Asia, Cambridge University Press India Pid, India.

2. Bhattacharya, P. (1996) Semiconductor optoeleatrdevices, ? ed., Prentice Hall
publication, India.

3. Yariv, A. (1984) Optical Electronics/®ed., Holt McDougal.

4. Tarasov, L. V. Laser Physics and Applications, Publishers, USSR

5. Pipker, J. (2003) Semiconductor Optoelectronic Bewi Introduction to Physics and
Simulation, % ed., Academic Press, USA

6. Bhattacharya, P. (2017) Semiconductor Optoeleard@evices, end ed., Pearson,
India.

7. Rosencher, E., and Vinter, B (2002) Optoelectrgni&sed., Cambridge, University
Press.

8. Mukhopadhyay, S. (2000) Optical computation andalper processing, Sl ed.,
Classique Books Publisher, India.

9. Ghosh, P. and Mukhopadhyay, S. (2004) Some digigproaches in optical
computation, Premier Books publication, India.

COURSE OUTCOME:
The course is important to train the students in inportant topic i.e applied optics and
optoelectronics. The students will be enriched toalresearch in important fields like

Fiber Optics, Optoelctronics, and Semiconductor laer.

Course No: PHS 303DAstrophysics- |

PHS 303D.1: Astronomical Methods
Marks: 25 Credit: 2
Classes: 20

1. Introduction: Mass, length and time scale in Astrophysics. Appasnd absolute
magnitude.

2. Units and Measurements Electromagnetic Spectrum - Measuring stellar
characteristics (temperature, distance, luminosigss, size).

Downloaded from Vidyasagar University by 14.139.211.194 on 27 Apr 2026 18:16:08 PM; Copyright (c) : Vidyasagar University
http://download.vidyasagar.ac.in/OpenLink.aspx?LINKID=107



3. Sky Coordinates and Motions Earth Rotation - Sky coordinates — seasons -gshak
the Moon - the Moon's orbit and eclipses — timepkag (sidereal vs synodic period);
Planetary motions - Kepler's Laws.

4. Radiation Processes in AstrophysicsConcepts of Radiative Transfer — special
relativity — Maxwell’'s equations — Wave equationetarded potentials — radiation field
— Poynting vector — radiation from accelerated ghar bremsstrahlung — Thomson and
Compton scattering — synchrotron radiation — thérama non-thermal distribution of
radiating particles — non-thermal synchrotron radia— self-absorption — synchrotron
and Compton cooling — Inverse Compton catastropldebaightness temperature limit
— propagation effects: dispersion, faraday rotatidepolarization — Atomic and
molecular spectra — fine structure and hyperfiaadition.

PHS 303D.2: Steller Structure and Evolution
Marks: 25 Credit: 2
Classes: 20

1. Sun as a star :Solar Parameters, Solar Photosphere, Solar Cyolar 8tmosphere,
Chromosphere. Corona, Solar Activity, Basics of aBoMagnetohydrodynamics.
Helioseismology, Solar Nucleosynthesis.

2. Equations of stellar structure : Fundamental equations — Hydrostatic equilibrium —
Mass distribution — Luminosity distribution — Raiile transport - Convective
transport — Condition for convection — Adiabatienfeerature gradient — Secondary
equations

3. Modeling and evolution : Approach to solutions - Sun - Main-sequence stars
Spectral types — Convective regions - HertzsprungsBll diagram — Color-magnitude
diagram — Effective temperature and radius - Giams supergiants - Evolution of
single stars — Solar evolution — Massive stars mi@a-ray bursts — Globular clusters —
Open clusters — Variable stars - Scaling laws -t&datensity — Pressure — Temperature
— Luminosity — Mass dependence — H-R diagram comsmar — Homology
transformations

4. Compact stars : White dwarfs — Mass-radius relation — StabilitySkius B —
Chandrasekhar mass limit - Neutron stars — Radiws meutron star — Equations of
state and structure — Evidence for neutron stéfisxdmum mass - Black holes — Event
horizon (Schwarzschild radius) — Angular momentum -Static Black Holes
(Schwarzschild and Reissner - Nordstrom) - Rotafdlgck Holes — Kerr Metric
(derivation not required) - Event Horizon - Extiaot of energy by Penrose process -
Kerr-Neumann Metric (no derivation) - No hair thewr - Cosmic Censorship
Hypothesis. Innermost stable orbit — Broad, distriron line — Planck length —
Particle acceleration — Evaporation — Existendelatk holes

Books Recommended:

1. Carroll, B.W. and Ostlie, D.A. (2006) An Introdumti to Modern Astrophysics, 2nd
ed., Cambridge University Press, England.

2. Shu, F. (1981) The Physical Universe: An Introduttito Astronomy, 1st ed.,
University Science Books, USA.

3. Harwit, M. (2000) Astrophysical Concepts, 3rd e8pringer, New York, United
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States.

4. Padmanabhan, T. (2006) Invitation to Astrophysicatest Edition, 3rd ed., World
Scientific Publishing Co. Pvt. Ltd., India.

5. Padmanabhan, T. (2000) Theoretical Astrophysicduive I-111), 1st ed., Cambridge
University Press, England.

6. Longair, M.S. (1992) High Energy Astrophysics (Mole 1-2), 2nd ed., Cambridge
University Press, England.

7. Sparke, L.S. and Gallaghar, J.S. (2015) Galaxi¢isdrniverse: An Introduction, 2nd
ed., Cambridge University Press, England.

8. Prialnik, D. (2013) An Introduction to the Theory $tellar Structure and Evolution,
Latest Edition, 2nd ed., Cambridge University Pré&sgyland.

9. Schneider, S. and Arny, T.T. (2021) Pathways taok&imy, 6th ed., McGraw-Hill
Science Engineering, United States.

10.Chandrasekhar, S. (1989) Stellar Structure andaBtdtmospheres (Volume 1), 1st
ed., The University of Chicago Press, United States

11.Abhyankar, K.D. (2001) Astrophysics: Stars and &ials 1st ed., Universities press
(India) Limited., India.

12.Menzel, D.H., Bhatnagar, P.L. and Sen, H.K. (1968)llar Interiors, Chapman &
Hall, 1st ed., United Kingdom.

COURSE OUTCOME:

Introduce the basics of astrophysics

Know the astronomical units and measurements

Understand the radiation emission processes iostsics
Understand the solar system and solar energy gerera
Acquainted with the modeling and evolution of staduding Sun
Familiar with different stars and their motion

Know about the black holes

YVVVYVYVVVYVY

Course No: C-PHS 304: Introductory Astrophysics (CES)
Marks: 50 Credit: 4
Classes: 40

1. Our Planet, our Universe:
Introduction to astronomy; Our motion in the Unse&r The night sky; Astronomical
objects — constellations, planets, moon, astercisiets, meteorites and other objects;
Basic concepts in astronomy such as astronomicshrdies, latitude and longitude;
Celestial sphere — celestial coordinate systemsarDplanets; Formation of our solar
system; Sun-Moon-Earth configurations — Moon pha&sdar and Lunar eclipses;
Rotation of Earth — Latitude and Longitude.

2. Astronomical Tools:
Light as a tool to probe the Universe; Propertieight; The wave particle nature of
light; Atoms and spectroscopy; The thermal spectirudtellar classification —
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Hertzsprung-Russell diagram; Composition of a stauter layers and its surface

temperature; The Inverse square law; Telescopesleéon about astrophysical

phenomena.

3. The Sun:

=

9.

Introduction to our solar system; Formation of gotar system; Basic parameters of
Sun; Structure of Sun; Origin of solar energy; $aanstant; Nuclear fusion; Solar
time; Solar cycle; Solar activity; Solar wind; Sohaissions; Main-Sequence lifetime.

. Evolution of Stars:

Post-main-sequence evolution of a Sun-like stagn&hry nebulae; White dwarfs;
Neutron Stars; Difference between stars; brown thvand giant planets; Supernova
explosions; Neutron stars and black holes; Cologmitade diagrams; Binary star

systems.

. Galaxy and Cosmos:

Populations of stars and star clusters; Galaxystygyal the formation and interaction of
galaxies; The Milky Way; Active galactic nuclei; &frotation of our galaxy; Dark
matter; The expansion of the Universe and the Bigg8Theory.

Books Recommended :

Reference for journal article
Hathaway, D.H. (2010) The Solar Cydeaving Reviews in Solar Physics. 7, 1-65.
Narang, S., Gupta, M., and Anubha Singh Gaur, A2816) The Study of Present
Solar Cycle 24 — Future Aspects. Research Joufrithysical Sciences, 4, 5-10.

Reference for a book as general

Abhyankar, K.D. (2001) Astrophysics: Stars and &els 1st ed., Universities press
(India) Limited., India.

Bennett, J.O. and Donahue, M.O. (2016) The Cosreisgective, 8th ed., Pearson
Education, Inc., United Kingdom.

Bowers, R. and Deeming, T. (1984) AstrophysicsStars (Volume 1), 1st edlpnes
and Bartlett Publishers, Inc. , United States.

Bowers, R. and Deeming, T. (1984) Astrophysicdnterstellar Matter and Galaxies
(Volume 2), 1st edJones and Bartlett Publishers, Inc. , United States

Chandrasekhar, S. (1989) Stellar Structure andaBtdtmospheres (Volume 1), 1st

ed., The University of Chicago Press, United States

Chen, C.J. (2011) Physics of Solar Energy, 1stJshn Wiley & Sons, Inc., United
States.

Elkins-Tanton, L.T. (2006) The Solar System: Asi#spMeteorites, and Comets, 1st
ed., Chelsea House Publishers, USA.

Krisna Swamy, K.S. (1996) Astrophysics: A Modernrdpective, 1st edNew Age
International Private Limited, India.

Menzel, D.H., Bhatnagar, P.L. and Sen, H.K. (1968llar Interiors, Chapman &
Hall, 1st ed., United Kingdom.

10.Raychaudhuri, A.K., Banerji, S. and Banerjee, A992) General Relativity,

Astrophysics, and Cosmology, 1st ed., SpringeragrGermany.

11.Schneider, S. and Arny, T.T2021) Pathways to Astronomy, 6th ed., McGraw-Hill

Science Engineering, United States.
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12.Schwarzschild, M. (1958) Structure and Evolutiontleé starts, Princeton University
Press, 1st ed., United States.

13.Srinivasan, U. (2003) Hello Stars, 2nd ed., Nafio@ouncil for S & T
Communication, India.

14.Larson, D.B. (1984) The Universe of Motion (Volurtl®, 3rd ed., North Pacific
PublishersWashingtonUnited States.

15.Svalgaard L: (2013) Solar activity — past, preséuijre. Journal of Space Weather
and Space Climate, 3, A24-p1-A24-p8.

Reference for a book chapter in an edited volume

1. Chen, C.J. (2011) Chapter 3: Origin of Solar EnghgyPhysics of Solar Energy, 1st
ed., John Wiley & Sons, Inc., United States, pp767

2. Chen, C.J. (2011) Chapter 4: Tracking Sunligh®Hysics of Solar Energy, 1st ed.,
John Wiley & Sons, Inc., United States, pp. 77-104.

3. Srinivasan, U. (2003) Chapter 1: The Night SkyHkllo Stars, 2nd ed., ed. by Sehgal,
N.K., National Council for S & T Communication, liaglpp. 1-5.

4. Srinivasan, U. (2003) Chapter 5: Stars, Consteltgtiand Festivals, In Hello Stars,
2nd ed., ed. by Sehgal, N.K., National Council $o0& T Communication, India, pp.
34-36.

Reference for materials in a book

1. Chen, C.J. (2011) Physics of Solar Energy, 1stJathn Wiley & Sons, Inc., United
States, pp. 1-4.

2. Larson, D.B. (1984) The Universe of Motion (Volumhg, 3rd ed., North Pacific
PublishersWashingtonUnited States, pp. 15-54.

3. Elkins-Tanton, L.T. (2006) The Solar System: AsidgspMeteorites, and Comets, 1st
ed., Chelsea House Publishers, USA, pp. 35-60.

4. Srinivasan, U. (2003) Hello Stars, 2nd ed., Natiof@ouncil for S & T
Communication, India, pp. 1-43.

COURSE OUTCOME:

Introduce the basic concepts of astrophysics

Understand the fundamental concept of our plangtuaiverse
Know the details of stars, galaxy and other cedéshjects
Knowledge on different parameters for astrophysicehsurements
Details of the sun, solar system and related phenam

Evolution of universe and stars

Know the galaxy and cosmos

YV YV VVYVYYVYY

Course No: PHS 395: Advance Practical-Il (Practical
Marks: 50 Credit: 4
Group-A

1. Determination of LDR conductivity with input LED per.
2. Determination of Plank’s constant (using solar)cell
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No ok

8.
9.

To Study experimentally the variation of resisgvdaf semiconductor with
temperature and hence to find out the band gamggner

To estimate the separation between the two pldtag-abry-Perot interferometer.
Frank Hertz experiment.

Determination of Electron / lon temperature by Dieytrobe method.

Determination of the gamma and beta ray absorptmefficients by using a G.M.
counter.

Determination of Curie temperature.

Study of nuclear counting statistics using GM ceunt

10. Characteristics of a Photo Diode.

Group-B

1. Linearisation LED Characteristics and finding du¢ fjluantum efficiency.

wn

©ooNOOA

Determination of Plank’s constant (using photo eieeffect).

Measurement of the Hall coefficient of a given s@mpand calculation of its
concentration.

Determination of refractive index using Michelsorelrferometer.

Measurement of e/m by magnetron valve

Study of the characteristics of a GM tube.

Crystal structure determination by X-ray diffractimethod.

To verify inverse square law using G-M counter.

Determination of electron temperature by singleoprmethod.

COURSE OUTCOME:

This practical course structure is designed to impd the students to provide strong

hands- on laboratory training in modern, currently active, areas of Physics

particularly in optics, semiconductor physics and nclear physics.

M=

Nookow

=

Course No: PHS 396A: Advanced Condensed Matter Phys-I
(Practical) Marks: 50 Credit: 4

Group-A

Study of Hall effect with variation of temperature.

Determination of Lande g-factor for the given saenp$ing electron spin
resonance spectrometer.

Determination of barrier potential and doping peotf transistor junctions
Determination of ionic conductivity of the givemsple.

Study of Hysteresis loop of magnetic materials biyng Hysteresis Tracer.
Study of characteristics of the given solar cell

Study of Diac & Triac characteristics with applicat

Group-B

Study of magneto resistance of the given material
Determination of carrier life time in Photoconducto
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Measurement of magnetic susceptibility and Bohrmesgn number of

given sample by Gouy method.

Absorption/Transmission spectra of thin films byngsUV/VIS spectro photometer.
Dielectric measurement of polycrystalline ferroélecsample.

Study of Thermo luminescence in a crystal.

Study of UJT &SCR characteristics with application.

No ok

COURSE OUTCOME:
This practical course structure is designed to impa the students to provide strong
hands- on laboratory training especially in the adance field of Condensed Matter
Physics. This will help them immensely for researcin condensed matter physics as

well as experimental research in Condensed Matteriysics.

Course No: PHS 396B: Applied Electronics-I (Practial)
Marks: 50
Credit: 4

1. Design, Construction and performance testing obgakithmic amplifier usingA
741, diode and matched transistors.

2. Design, Construction and performance testing adratitog amplifier usingiA 741
and matched transistors.

3. Design of an IC Power Amplifier and its linearifsggquency response, efficiency,
and distortion calculation.

4. Design of a Precision adjustable voltage regulaiing pA 741 and series pass
transistor and a transistor as current limiter #sdperformance comparison with
LM78XX series fixed regulators.

5. Design and study of Multiplexer: formation, cascagdand equation solving.

6. Design and study of De-multiplexer: formation, Ging and equation solving.

7. Design of an Active high pass/Low pass second dsdéerworth filter.

8. Design an active band pass filter using singleesti@g741 Op-amp.

9. Design and study of an active phase sifter.

10. Frequency to Voltage converter circuit design.

11

Design and study of a Voltage Controlled Oscillfd€O)/Voltage to Frequency
converter.
12. Design of BCD addition and subtraction using Fulldér IC
13. Shift registers: PISO, SISO, PIPO, SIPO.
COURSE OUTCOME:
This course will help the students to
0] design and fabricate various advanced digital and aog electronic circuits,

e.g. Mux, DeMUX, registers, voltage regulators, aite filters etc.

(i) design and conduct various electronics experiments.
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1)
2)

3)
4)
5)
6)
7)

1)
2)
3)
4)
5)
6)

7

The experiments will help the students to understash the application of the

theories in practical field.

Course No: PHS 396C: Applied optics and opto-eleatnics-I

(Practical)
Marks: 50 Credit: 4
Group A:

To set up a Mach Zehnder Interferometer by Lasendasure the Phase difference of
two light beams.

To set up a Mach Zehnder Interferometer ( MZI) expent with single mode fibers
and Laser to measure phase modulation.

To set up an experiment for measuring displacelmgoptical fiber sensor.

To measure attenuation and splice/ connector lpssing OTDR.

To set-up an experiment for measuring temperatyegphical fiber sensor.

To study interference of light by single mode fiber

To study the spectral response of a photo detesiog optical fiber link.

Group B :

To measure the Wvoltage of an Electrooptic modulator.

To Use magneto-optic modulator for verifying Fanadéect.

To generate optical Manchester coded data.

Verification of optical cross gain modulation by 80

Use of Heterodyne detector for measuring phaserdgedsity of an optical signal.
Measurement of threshold current of a Semicondulttoction Laser from its Light
intensity vs. Current density curve.

Use of OP AMP for using LED as linear modulator .

COURSE OUTCOME:

This practical course structure is designed to impa the students to provide strong

hands- on laboratory training especially in the adance field of Optoelectronics. This

will help them immensely for research in Semiconduor Laser and .Fiber Optics.

Course No: PHS 396D : Astrophysics | (PRACTICAL)
Marks: 50, Credit: 4

Identification of following objects with naked eyesa binocular.
a) Mercury, b) Venus, c) Mars, d) Jupiter e) SatfriNorth Pole, f) The Big Dipper
(Ursa Major) g) The Little Dipper (Ursa Minor), Betelgeuse and i) Cassiopeia.

. Study of movement of Moon between rise to set time.
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3. Study of movement of a planet in sky between isget of the planet .

4. Identify Sun spots with a solar-filter or a mirror.

5. Different Fitting techniques (linear and non-lingféts to data with experimental errors,
evaluating goodness of fit, etc) and error analysis

6. Study of Light curve of astronomical sourecs irfatiént energy band.

7. Study of power spectrum of different astronomicalrses.

8. Correlation, anti-correlation and time-delay betwsggnals from two two different
wavelengths.

9. RGB image from an astronomical source.

COURSE OUTCOME:

The course is meant to give knowledge of Astronomwnd Astrophysics to the
interested students. Various astronomical methods ra introduced along with
different units used in astronomy and their measurment. Sky co-ordinate and motion
is introduced in details. Different radiation processes in astrophysics is described.
Stellar structure and evolution is studied to undestand formation and evolution of
different stellar systems. Practical experiments a& aimed to give students good idea
about night sky and various hands on experiments.
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SEMESTER- |V

Course No: PHS 401.1: Quantum Field Theory
Marks: 25 Credit: 2

Classes: 20

1. Classical field theory: From discrete to continuous systems. Natural pidsir-
Vectors and Minkowski Space, Lorentz TransformaiorLagrangian and
Hamiltonian formulation. Euler-Lagrange equatioi®ymmetries and Noether's
theorem. (4)

2. Canonical Quantization: Klein-Gordon (scalar) field, Dirac field and
electromagnetic field. Two point functions causaéind propagators. (6)

3. Interacting fields: Examples of interacting field theories. Perturbatiieory,
Wick's theorem, Correlation functions, Feynman suland diagrams. LSZ
reduction, S-Matrix and cross-section. Tree-levelcpsses in QED. Ultraviolet
divergences and introduction to renormalizatio®) (1

Books Recommended:

=

Peskin, M. E. & Schroeder, D. V. (1995) An Intratdan to Quantum Field
Theory, 1st Ed., Westview Press Inc.

Srednicki, M. (2007) Quantum Field Theory 1st Ethmbridge University Press
Ryder, L. H. (1996) Quantum Field Theory, 2nd Ezhmbridge University Press
Ramond, P. (1997) Field Theory, 2nd Ed., Westvieas® Inc.

F. Mandl & Shaw G. (2010) Quantum Field Theornd Ed., John Wiley & Sons
Inc.

Das, A. (2020) Lectures on Quantum Field Theorg Ed., World Scientific

Pal, P & Lahiri A. (2005) A First book of Quanturreld Theory, 2nd Ed., Alpha
Science International Ltd.

Roman, P. (1969) Introduction to Quantum Field Thebst Ed., John Wiley
Weinberg, S. (2005) The Quantum Theory of Fieldduwhe 1: Foundations, 2nd
Ed., Oxford University Press, India

10. Weinberg, S. (2005) The Quantum Theory of Fieldsuwhe 2: Applications, 2nd
Ed., Oxford University Press, India

No gk wbd

©

COURSE OUTCOME:
At the end of the course, students will be able tonderstand Quantum field theory so
that he/she can use these in various branches ofysics as per his/her requirement.
He/she can understand relativistic effects in quanmim mechanics and the need for
guantum field theory. The course will discuss the trentz covariant form of

Lagrangian and Hamiltonian for scalar, vector fields, electromagnetic fields and their
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second quantisation. Students can understand the synetries and the implications of
Noether's Theorem in conserved currents and chargesde/she can understand the
interaction picture, S-matrix, and Wick's Theorem. The origin of Feynman diagrams
and application of Feynman rules to derive the amjiiudes for elementary processes

in QED will also be discussed.

Course no: PHS 401.2: Particle Physics Marks: 25  Credit: 2
Classes: 20

1. Elementary particles: Review of the fundamentasgifécation of elementary particles
and study of their different properties. ConsenaiLaws, (2)

2. lIsospin, Hypercharge and Quark Model: Review of Geoups, representations of
SU(2), SU(3), Isospin, Gell-mann and Nishijima S)UQ&iark model, wavefunctions of
mesons and baryons, the need for color quantum eur@iharm and other flavors. (8)

3. Discrete symmetries: Parity, charge conjugatiangtreversal, CPT theorem, intrinsic
parity and charge conjugation of pions. Multi-photstates. Parity non-conservation,
G-Parity, Tau-theta puzzle. Neutral K-meson sysa@ch CP violation. (6)

4. Electroweak theory: Spontaneous symmetry breakitiggs mechanism. Basics of
electroweak theory and Standard Model. (4)

Books Recommended:

1. Halzen, F. & Martin, A. D. (2008) Quarks & Leptors introductory Course In
Modern Patrticle Physics, John Wiley (India)

2. Pal, P. B. (2014) An Introductory Course of Paetiehysics, 1st Ed., CRC Press

3. Griffiths, D. (2008) Introduction to Elementary Reles, 2nd Ed., Wiley-VCH

4. Gasiorowicz, S. (1966) Elementary Particle Physies Ed., John Wiley & Sons
Inc.

5. Perkins, D. H. (2014) An Introduction to High Engfghysics, 2nd Ed., Cambridge
University Press

6. Cheng, T. P. & Ling-Fong, Li ( 1984) Gauge Theofftementary Particle
Physics, 1st Ed., Oxford University Press.

COURSE OUTCOME:
The aim and objective of the course on Particle Plsycs is to introduce the M.Sc. students
to the invariance principles and conservation laws,hadron-hadron interactions,
relativistic kinematics, static quark model of hadions and weak interactions, so that they
grasp the basics of fundamental particles in propeperspective.At the end of the course,
the student will be able tounderstand overview of particle spectrum, their ineraction
and major historical and latest developments, varios invariance principles and

symmetry properties in particle physics, basic rule of Feynman diagrams and the quark
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model for hadrons. Students will also learn abouthte basics of electroweak theory.

Course No: PHS 402.1: Statistical Mechanics-II
Marks: 25 Credit: 2 Classes : 20

1. Ideal quantum systems

(i) Properties of ideal Bose gas: Bose-Einsteindemsation: Transition in liquid He-4,
Superfluidity in He-4. Photon gas: Planck’s ragiatlaw. Phonon gas: Debye’s theory
of specific heat of solids.

(i) Properties of ideal Fermi gas: Review of thermal and electrical properties of an
ideal electron gas. Landau levels, Landau diam&ameWhite dwarf.

2. Interacting systems

(i) 1sing model. Idea of exchange interaction andisdnberg Hamiltonian. Ising
Hamiltonian as a truncated Heisenberg Hamiltonian.

(i) Exact solution of one-dimensional Ising systeBragg-William approximation
(Mean field theory).
(i) Introduction to 2D XY model and Kosterlitz-Duless Transition

3. Phase transition General remarks. Phase transition and criticanpimena. Ciritical
indices. Landau’s order parameter theory of phasesition.

4. Fluctuations: Thermodynamic fluctuations. Spatial correlationsai fluid.
Brownian motion: Einstein-Smoluchowski’s theory.

Books Recommended:

1. Pathria, R.K. (2001) Statistical Mechanics, 2nd 8aitterworth-Heinemann, Oxford,
England.

2. Huang, K. (1987) Introduction to Statistical Mecltzn 2nd ed., John Wiley & Sons,
Inc., United States.

3. Blundell, S.J. and Blundell, K.M. (2006) Concepts Thermal Physics, 2nd ed.,
Oxford University Press, Oxford University Presagiand.

4. Reif, F. (2010) Fundamentals of Statistical andrirteé Physics56946th ed., Sarat
Book Distributors, India.

5. Kadanoff, L.P. (2000) Statistical Mechanics: S&tibynamics and Renormalization,
1st ed. World Scientific Publishing Co. Pvt. Lidindia.

6. Kubo, R. (1988) Statistical Mechanics: An Advancédurse with Problems and
Solutions, 17th ed., Elsevier, Netherlands.

7. Ma, S.K. (1985) Statistical Mechanid&/orld Scientific Publishing Co. Pvt. Ltd.,
United Kingdom.

8. Ishihara, A. (1971) Statistical Physics, 1st etbefder, Netherlands.

COURSE OUTCOME:

»  Familiar with the ideal quantum distributions
»  Know the applications to interacting systems aralweation of phase transitions
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» Understand different quantum statistics for expiimmaof B.E. condensation,
Black body radiations, Pauli paramagnetism, Lardlamagnetism and electron
gas systems for thermionic and photoelectric ewrmssi

» Use and develop mean field theory for first andosdcorder phase transitions
in one and two dimensional Ising model

Course No: PHS 402.2: Nuclear Physics-lI
Marks: 25 Credit: 2
Classes: 20

Nuclear reactions: Introduction to classificatidmaclear reactions, reaction channels
and conservation laws in nuclear reactions; Nucteaction kinematics — mass and
energy balance in nuclear reactions; Nuclear r@actiechanisms — compound, direct
and pre-equilibrium reaction mechanisms; Compounclear model; Basic ideas on

continuum theory; Nuclear resonance — resonan@s-gections and Breit-Wigner one
level formula.

Nuclear forces and two-nucleon problem: Recapitutabf nuclear forces; Deuteron —
ground and excited states of deuteron, wave equéadradeuteron and its solution, and
normalization of deuteron wave function; Neutrootpn (n-p) scattering at low

energies — partial wave method, energy limits, phstsft, scattering cross-section,
scattering length and nature of wave functionstd®rgroton (p-p) scattering at low

energies — partial wave method, phase shift aretedf nuclear forces; Basic concept
on neutron-neutron (n-n) scattering.

Nuclear models: Liquid drop model; Fermi gas modélclear shell structure —
evidence for existing of magic numbers and exparntaleevidences for shell effect;
Single particle states in nuclei — square-well,f@mic oscillator and spin-orbit
coupling potentials; Single particle shell modelpll€ctive model of Bohr and
Mottelson.

Neutron Physics: Classification and sources of noast Neutron monochromators —
mechanical velocity selector, time of flight veltycselector and crystal spectrometer;
Thermal neutrons — energy distribution and diffasad thermal neutrons; Elements of
neutron optics.

Reactor physics: Reactor materials — fuels, modesatreflectors and coolants;
Slowing down of neutrons in matter — energy lossninderator, scattering angles,
average energy loss per collision, transport meee path, scattering cross-section,
average logarithmic energy decrement, slowing-d@ewer, moderating ratio and
slowing down time.

Nuclear fission and fusion: Energetics of fissiangess; Deformation of compound
nucleus in terms of liquid drop model; Bohr-Whedlezory of nuclear fission; Fertile
and fissile materials; Nuclear fusion and thermdsmurcreactions; Basic concept on
nucleosynthesis.
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Books Recommended:
Reference for journal article

1. Haidenbauer, J. (2004) The Nucleon-Nucleon IntevacBrazilian Journal of Physics,
34, 845-849.

2. Klein, A.G. andS A Werner, S.A. (1983) Neutron optics. Reports ongress in
Physics, 46, 259-335.

3. Machleidt, R.and Slaus, I. (2001) The nucleon-nucleon interactiournal of Physics
G: Nuclear and Particle Physics, 27, R69.

4. Naghdi, M. (2014) Nucleon-nucleon interaction: Aital/concise review. Physics of
Particles and. Nucle#5, 924-971.

5. Nico, J.S. and Snow, W.M. (2005) Fundamental Neufbysics. Annual Review of
Nuclear and Particle Science, 55:27-69.

Reference for a book as general

1. Basdevant, J.L., Rich, J. and Spiro, M. (2005) mnentals in Nuclear Physics: From
Nuclear Structure to Cosmology, 1st ed., Sprinyexy York, USA.

2. Blatt, J.M. and Weisskopf, V.F. (1979) Theoretibhiclear Physics, 1st ed., Springer,
Germany.

3. Cohen, B. (1974) Concepts of Nuclear Physics, Ikt &lcGraw Hill Higher
Education, United States.

4. Elton, L.R.B. (1965) Introductory Nuclear Theoryyd?ed., Sir Isaac Pitman & Sons
Ltd, United Kingdom.

5. Evans, R.D. (1955) The Atomic Nucleus, 3rd ed.,aT®tcGraw-Hill Publishing
Company Limited, India.

6. Ghoshal, S.N. (2015) Nuclear Physics, Reprint dst® Chand & Company Pvt. Ltd.,
India.

7. Krane, K.S. (1987) Introductory Nuclear PhysicsyRérd ed., John Wiley & Sons,
United States.

8. Kaplan, I. (2002) Nuclear Physics, 19th ed., Nafshlishing House, India.

9. Lim, Y.K. (2000) Problems and Solutions on Atonilyjclear and Particle Physics, 1st
ed., World Scientific Publishing Co. Pte. Ltd., &hpore.

10.Roy, R.R. and Nigam, B.P. (2014) Nuclear Physid®eory and Experiment, 2nd ed.,
New Age International Pvt. Ltd., India.

11.Segre, E.G. (1977) Nuclei and Particles: An Intadaiun to Nuclear and Subnuclear
Physics, 2nd ed., Basic Books, United States.

12.Srivastava, B.N. (25019) Basic Nuclear Physics @odmic Rays, 18th ed., Pragati
Prakashan, India.

13.Tayal, D.C. (2015) Nuclear Physics, Reprint 5th, étimalaya Publishing House,
India.

14.Wong, S.S.M. (2004) Introductory Nuclear Physiced 2d., WILEY-VCH Verlag
Gmbl 1 & Co. KGaA, Weinheim, Germany.

Reference for a book chapter in an edited volume

1. Basdevant, J.L., Rich, J. and Spiro, M. (2005) @ra@: Nuclear reactions, In
Fundamentals in Nuclear Physics: From Nuclear 8trado Cosmology, 1st ed., ed.
by Jean-Louis Basdevant, J.L., Rich, J. and SproSpringer, New York, USA, pp.
107-174.

2. Krane, K.S. (1987) Chapter 4: The Force Betweenléduns, In Introductory Nuclear
Physics, Rev. 3rd ed., ed. by Krane, K.S., JohreW& Sons, United States, pp. 80-
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115.

3. Preston, M.A. and Bhaduri, R.K. (1982) Chapter ingt-Particle Model, In Structure
of the Nucleus, 2nd ed., ed. by Preston, M.A. ahddBiri, R.K., Addison-Wesley
Publishing Company, Inc., United States, pp. 213-24

Reference for materials in a book

1. Basdevant, J.L., Rich, J. and Spiro, M. (2005) fammentals in Nuclear Physics: From
Nuclear Structure to Cosmology, 1st ed., Sprinjexy York, USA, pp. 67-89.

2. Preston, M.A. and Bhaduri, R.K. (1982) Structuretted Nucleus, 2nd ed., Addison-
Wesley Publishing Company, Inc., United States,1j23-169.

COURSE OUTCOME:

Understand the nuclear forces and two-nucleon probl

Know the nuclear reactions and their classification

Understand various nuclear models

Understanding of neutron physics and reactor pbysic

Know the applications of nuclear physics are nugbeaver generation
Know the nuclear fission and fusion

YV VVYVYY

Course No: PHS 403.1: Transport Properties and Semwmnductor Devices

Marks: 25 Credit: 2
Classes: 20

1. Boltzman transport equation applied to a non degeéeesemiconductor, Electrical
conductivity, Hall effect & Thermoelectric effech isemiconductor, Quantum Hall
effect.

2. Light Emitting Junction, Semiconductor laser dio@alculation of threshold current
density for lasing from a pn diode , Hetero junctivased laser. AlGaAs and GaAs
based quantum well, Tunnel Diode.

3. Four- layer pnpn device, Derivation of channel aaridnce and drain current for FET
and MOSFET, Gunn Effect Oscillator, Derivation o&rtsport coefficient, injection
ratio and current gain of a transistor.

4. Transducer & sensors: Photo-transducer : Photo ediodnd photo-transistors,
thermistor, photo-electric transducer, photo- canols.

Books Recommended:

Kireev: Semiconductor Physics
S.M. Sze : Physics of semiconductor devices
Streatman & Banerjee: Introduction to solid stdéeteonics

wnN P
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COURSE OUTCOME:

Most of the devices are based on semiconductors. §leourse discusses in details the

transport properties and various semiconductor dewes along with their operation

mechanism. The course describes extensively many pgortant devices like Gunn

Diode, FET, MOSFET, Semiconductor Laser. The cours@lso includes important

topic like Quantum Hall Effect, Thermoelectric effect in Semiconductors. The course

will encourage the students to do researches in Semonducting devices which is an

important topic of Applied Physics

abkw

Course No: PHS 403.2: Applied Optics

Marks: 25 Credit: 2
Classes: 20

Fiber optics: Different types (single and multi repaf step index and graded index
optical fiber, ray path in graded index opticalefip Multipath broadening, Modal
analysis of Electromagnetic waves in planer wavaguApplication of fiber in digital
communication.

Holography: Coherent light and application of ca@mright in holography. Recording
and reconstruction of wave front.

Non-linear Optics: Non-linearity of medium, secoanad higher harmonic generation,
phase matching condition, frequency addition aeduency subtraction, self focusing
and self defocusing, Pokels & Kerr type of nonlinesaterials, Examples of Organic
and inorganic nonlinear materials. Photo dynantioadapy.

Photonics Information Processing: Optical logic rapiens, Optical arithmetic
operation with binary, optoelectronic logic gate8,optical logic gates, tristate logic
system and tristate AND & OR gate.

Photosensors, different types of photo-detectorap@ene and graphene based
photodetectors, photo sensitivity, photorespongivit

Books Recommended:

Ghatak, A., and Thyagarajan, K. (2007) Optical Eteucs, Special ed. for sale in
South Asia, Cambridge University Press India Pid, India.

Bhattacharya, P. (1996) Semiconductor optoeleatrdevices, ? ed., Prentice Hall
publication, India.

Yariv, A. (1984) Optical Electronics/®ed., Holt McDougal.

Tarasov, L. V. Laser Physics and Applications, Rlitblishers, USSR

Pipker, J. (2003) Semiconductor Optoelectronic Pewi Introduction to Physics and
Simulation, % ed., Academic Press, USA
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Bhattacharya, P. (2017) Semiconductor Optoeleatr@®vices, end ed., Pearson,
India.

Rosencher, E., and Vinter, B (2002) Optoelectrgniésed., Cambridge, University
Press.

Mukhopadhyay, S. (2000) Optical computation andalter processing, S\ ed.,
Classique Books Publisher, India.

Ghosh, P. and Mukhopadhyay, S. (2004) Some digigbroaches in optical
computation, Premier Books publication, India.

COURSE OUTCOME:

The course is an introduction to the fundamentals fooptoelectronics and principles

of the optoelectronic devices operation. This coueshelps students prepare them for

advanced study and research in semiconductor opticand optoelectronic devices.

Topics include optical waveguides, optical logic agations, nonlinear optics an

introduction to different types of detectors, and lmlography. The course also covers

the basic optical and electro-optical properties ofsemiconductors and low-

dimensional semiconductor structures.

PwpbdPE

o

Course No: PHS 404A: Advanced Condensed Matter Phygs — Il
Marks: 50 Credit: 4
Classes: 40

. Magnetism : Pauli’'s Spin Paramagnetism, Exchantgrdntion, Ferromagnetic, anti-

ferromagnetic and Ferri-magnetic order, molecukdd$, Domain theory, Bloch wall,
spin waves, magnons, magnetic resonance, prinaipdeapplication of NMR, EPR,
ESR.

Superconductivity: Review of experimental resultgectron-phonon interaction,
Cooper pair, BCS theory, energy gap, transitionpenature, Ginzburg Landau theory,
Coherence length, Flux quantization, Critical Cotrdensity, DC/AC Josephson effect,
SQUID, superconducting devices, recent advanceshigh Tc superconductors.
Vortices and quantization.

Books Recommended:

Magnetism in Condensed Matter: Stephen Bludell

Theory of Superconductivity, J. Robert Schrieffer,

Introduction to Superconductivity, 2nd Edition, ldychael Tinkham
Superconductivity, Superfluids, and Condensatesq@xXVaster Series in Physics, 5)
1st Edition by James F. Annett.

Solid State. Physics : Neil W. Ashcroft. N. Davigivhin(Cengage Learning India)
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COURSE OUTCOME:
The course topic is Solid State Physics special papwhich covers large part in this
field The course enriches the student in many fiellke Magnetism, Superconductivity
which are two important branches of Physics. The agose will motivate the students to
do research in these fields both in Theoretical awell as Experimental Condensed

Matter physics.

Course No: PHS 404B: Applied Electronics —lI
Marks: 50 Classes: 40

PHS 404B.1: Applied Analog Electronics —lI
Marks: 25 Credit: 2
Classes: 20

1. B/W Television: Working principle, TV camera- Imag®rthicon, Vidicon,
Plumbicon ; B/W TV Picture tube, scanning and dgita, synchronization, Details
of composite video signal, Transmitting and Recgj\systems, Vestigial Side Band
(VSB) transmission, Television standards, Advaesa@f Negative modulation,
Different kinds of TV antenna, Block diagram of B/WW receiver and Transmitter.
Colour TV standards : NTSC, PAL SECAM, colour tessan principles, Colour
subcarrier, transmission format of intensity andogp signal. Colour difference
signals, Reproduction of colour signals at theikezeColour TV picture tubes: Delta
Gun, PIL and Trinitron,

2. Wave Guides: Wave guides coaxial, rectangular ghddrical; Different modes of
propagation of em signal through wave guides, rasos.

3. Instrumentations: Digital voltmeter: different tygdigital ammeter and ohmmeters.

Books Recommended

1. Gulati, R.R. (2014) Monochrome and Color Televisi8fed., New Age International
Publishers, India

2. Dhake, A. M. (2017) Television and Video Enginegrir?® ed., McGraw Hill
Education, India.

3. Roddy, D. and Coolen, J. (2008) Electronic Commations, 4 ed., Pearson
Education, India.

4. Helfrick, A.D. and Cooper, W.D. (2015) - Modern E&i®nic Instrumentation &
Measurement Techniques! &d., Pearson Education, India.

5. Carlson, A. B., Crilly, P.B., and Rutledge, J.CO§2) Communication Systems" 4
ed., McGraw Hill Higher Education, India

6. Kennedy, G., Davis, B., and Prasanna, S.R.M. (2@l&rtronic Communication
Systems, 8 ed., McGraw Hill Education, India.
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COURSE OUTCOME:
To develop the relevant knowledge of electronics inorder to deepen the
understanding of modern electronic communication deces those are associated with
our social life.
After completion of this course, students will be ble to

1. gain in-depth knowledge of monochrome and colour tevision principle.

2. know the details of signal propagation through waveuide.

3. understand the principle behind instrumentation for different measurements

PHS 404B.2: Applied Digital Electronics —II
Marks: 25 Credit: 2
Classes: 20

1. Digital communication: Signal sampling, Samplingedbhem, Nyquest rate, aliasing
effect, sample and hold systems, Quantization ggaad error calculation.

2. Pulse modulation and demodulation techniques: PAMM-PAM, PWM, PPM,
Pulse code modulation (PCM) - modulation and deratidun, Differential PCM,
Delta Modulation.

3. Digital modulation techniques : ASK, FSK, PSK, DRSBPSK, MSK principle,
modulation and demodulation techniques.

4. Microprocessor and their applications: Architectafe8 bit (8085) and 16 bit (8086)
microprocessors; addressing modes and assemblydgagrogramming of 8085 and
8086. Interfacing concepts memory and /O interfgrilnterrupts and interrupt
controllers; microprocessor based data acquisi{lDAS) system, comparison of
different microprocessors. Microprocessor prograngmi

Books Recommended

1. Gaonkar, R. S. (2013) Microprocessor Architectirrgramming and Applications
with 8085, 29ed., Penram International Publishing, India

2. Roddy, D. and Coolen, J. (2000) Electronic Commaitions, 4' ed., Prentice Hall
of India, India

3. Taub, H., Schilling, D. and Saha, S. (2017) Prilesimf Communication Systeni"4
ed., McGraw Hill Education, India

COURSE OUTCOME:
To develop the relevant knowledge of electronics inorder to deepen the

understanding of modern electronic communication deices those are associated with
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our social life.

After completion of this course, students will be ale

1.

2.

N

4.

to get details of digital communication including dfferent
digital modulation techniques.

to develop knowledge on 8085 and 8086 microprocessavith programming

Course No: PHS 404C: Applied Optics and Opto-electmics — Il

Marks: 50 Credit: 4
Classes: 40

. Optical modulators: Electro-optic modulators anakads effect, Phase modulation and

Amplitude modulations in Electro-optic modulatorpti@al Kerr effect, Modulation of
light using optical Kerr effect, Self focusing, fsdefocussing, Optical switches using
Kerr effect, Optical Faraday effect.

. Optical amplifiers : Semiconductor Optical Amplifi€ SOA) and its principle of

operation, Self phase modulation, cross phase rabdal, Cross gain modulation and
wavelength conversion of SOA, EDFA and its prineipf operation.

. Photonic measurements: Homodyne and Heterodynetdetdor phase and intensity

measurements, OTDR.

. Optical encoding: Intensity encoding, frequencyaelieg, polarization encoding, RZ,

NRZ, Manchester line encoding, Method of obtainiMpnchester coded data,
probability error and bit error rate.

. Optical devices: principle of operation of LiquidyStal Display; Charge Coupled

Devices; Fiber optic displacement, current and &napire sensors.

Books Recommended:

. Bhattacharya, P. (1996) Semiconductor optoeleatrdevices, ? ed., Prentice Hall

publication, India.

. Yariv, A. (1984) Optical Electronics!%ed., Holt McDougal.
3.

Pipker, J. (2003) Semiconductor Optoelectronic Bewi Introduction to Physics and
Simulation, % ed., Academic Press, USA

Bhattacharya, P. (2017) Semiconductor Optoeleatr@®vices, end ed., Pearson,
India.

Rosencher, E., and Vinter, B (2002) Optoelectrgnié’sed., Cambridge, University
Press.

Mukhopadhyay, S. (2000) Optical computation andalper processing, 51 ed.,
Classique Books Publisher, India.

Chen, R.H. (2011) Liquid Crystal Displays: Fundataéfhysics and Technologyst 1
ed., Wiley, India.
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COURSE OUTCOME:

The course is important to train the students in inportant topic i.e applied optics and

optoelectronics. The students will be enriched toalresearch in important fields like

Fiber Optics, Optoelectronics, Semiconductor laser.

=

abrwn

wn

Course No: PHS 404D : Astrophysics Il
Marks: 50 Credit: 4 Classes: 40

PHS 404D.1: Galactic Astronomy
Marks: 25 Credit: 2 Classes: 20

. The Milky Way : Basic Structure and Properties of the Milky Wiature of Rotation

of the Milky Way. (Differential Rotation of the Gaty and Oort Constant, Rotation
Curve of the Galaxy and the Dark Matter, Naturehaf Spiral Arms), Stars and Star
Clusters of the Milky Way, Properties of and arotimel Galactic Nucleus.

Milkyway in different wavelengths: Optical, IR, radio and X-rays.

Interstellar Medium : Density, Contents, different models, extinction.

Galactic Plane Surveysiog N — Log S Plot.

Telescopes and Detector$rinciple of Optical, Infrared, Radio, X-rays, Gaannmays,
Neutrinos and Cosmic Ray Astronomy; Gravitation@dRtion; Detection of Dark
Matter and Dark Energy - Astronomy from Space; Imgg- Focal Plane Imagers, PSF
and Deconvolution, Interferometry- Photometry, Specopy, Polarimetry,
Astrometry; Solar Telescopes; Surveys, Astronomizatiabases, Virtual Observatory.
Names of most Popular Telescopes in different Weavads — TMT, Giant Meter Wave
Radio Telescope (GMRT) - Square Killometer Arrai4A9, Astrosat.

PHS 404D.2: Extra-galactic Astronomy and Cosmology
Marks: 25 Credit: 2 Classes: 20

Galaxies: Hubble’'s Classification of Galaxies, Galaxy Morpbgy, Contents and
Dimensions — Collisionless Stellar Dynamics — Raten Time, Dynamical Friction,
Violent Relaxation — Galactic Potential and OrbitSpiral Density Wave and Lindblad
Resonance — Rotation Curves — Tully-Fisher Relatto€entral Black Holes and
Fundamental Plane Relationship— Mass and Lumindsityction — Press Schechter
Formalism — Star Formation History and Chemicallevon — Active Galaxies and
Activity Duty Cycle — Galaxies at High Redshift vilence of Dark matter. Elliptical
Galaxies (The Intrinsic Shapes of Elliptical, deudauleurs Law, Stars and Gas).
Spiral and Lenticular Galaxies (Bulges, Disks, @GataHalo), Gas and Dust in the
Galaxy, Spiral Arms.

Cluster of Galaxies:Properties, Classification, Virial Theorem

Cosmology Introduction - Cosmological Principles - Weyl Rdates - Robertson-
Walker Metric (derivation is not required) — Cosogital Parameters - Static Universe
- Expanding Universe - Open and Closed Universeosnilogical Red Shift -
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Hubble’'s Law - Olber's Paradox — Big Bang, Earlyiwémse (Thermal History and
Nucleosynthesis), Cosmic Microwave Background Ramha Event Horizon, Particle
Horizon and some problems of Standard Cosmology.

Books Recommended:

1. Carroll, B.W. and Ostlie, D.A. (2006) An Introdumti to Modern Astrophysics, 2nd
ed., Cambridge University Press, England.

2. Shu, F. (1981) The Physical Universe: An Introduttito Astronomy, 1st ed.,
University Science Books, USA.

3. Harwit, M. (2000) Astrophysical Concepts, 3rd e8pringer, New York, United
States.

4. Padmanabhan, T. (2006) Invitation to Astrophysicatest Edition, 3rd ed., World
Scientific Publishing Co. Pvt. Ltd., India.

5. Padmanabhan, T. (2000) Theoretical Astrophysicduivie I-Ill), 1st ed., Cambridge
University Press, England.

6. Longair, M.S. (1992) High Energy Astrophysics (Mole 1-2), 2nd ed., Cambridge
University Press, England.

7. Sparke, L.S. and Gallaghar, J.S. (2015) Galaxi¢sdariniverse: An Introduction, 2nd
ed., Cambridge University Press, England.

8. Prialnik, D. (2013) An Introduction to the Theory $tellar Structure and Evolution,
Latest Edition, 2nd ed., Cambridge University Pré&sgyland.

9. Schneider, S. and Arny, T.T. (2021) Pathways tadksimy, 6th ed., McGraw-Hill
Science Engineering, United States.

10.Chandrasekhar, S. (1989) Stellar Structure andaBtdtmospheres (Volume 1), 1st
ed., The University of Chicago Press, United States

11.Abhyankar, K.D. (2001) Astrophysics: Stars and &ialks, 1st ed., Universities press
(India) Limited., India.

12.Menzel, D.H., Bhatnagar, P.L. and Sen, H.K. (1968)llar Interiors, Chapman &
Hall, 1st ed., United Kingdom.

COURSE OUTCOME :

Understand the structure and properties of theMillay
Know the Milky Way in different wavelengths
Acquainted with the interstellar medium

Know the Log N — Log S Plot in galactic plane swys/e
Familiar with the telescopes and astronomical detsc
Introduce the Galaxies and their classifications
Understand the cluster of Galaxies

Acquainted with the cosmology

YVVVYVVVYYY
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Course No: PHS 495A: Advanced Condensed Matter Phigs -
(Practical) Credit: 4 Marks: 50

Group-A

1. Study of magneto resistance of the given material.

w N

No ok

M=

Nookow

Determination of carrier life time in Photoconducto
Measurement of magnetic susceptibility and Bohrmesmn number of given
sample by Gouy method.
Absorption/Transmission spectra of thin films byngsUV/VIS spectrophotometer.
Dielectric measurement of polycrystalline ferroéliecsample.
Study of Thermo luminescence in a crystal.
Study of UJT & SCR characteristics with application
Group-B
Study of Hall effect with variation of temperature.

Determination of Lande g-factor for the given saengséing electron spin
resonance spectrometer.

Determination of barrier potential and doping peotf transistor junctions
Determination of ionic conductivity of the givensple.

Study of Hysteresis loop of magnetic materials byag Hysteresis Tracer.
Study of characteristics of the given solar cell

Study of Diac & Triac characteristics with applicat

COURSE OUTCOME:

This practical course structure is designed to impd the students to provide strong

hands- on laboratory training specially in the advace field of Condensed Matter

Physics. This will help them immensely for researcin condensed matter physics as

wel

HOON A~ WDNE

| as experimental research in Condensed Matteri®¥sics

Course No: PHS 495B: Applied Electronics —Il (Pradtal)
Credit: 4 Marks: 50

Design of a Schmitt trigger circuit usipg\ 741.
DSB-TC and DSB-SC generation using analog multipteMC 1495 or MC1496.

Design and performance study of a VCO IC (NE 566).
Design and performance study of a PLL IC (NE 565).

Design a FM demodulator using PLL.

Study of Pulse Amplitude Modulation transmissiond agception.

8085 Microprocessor programming.

Study of Pulse Width Modulation using 555 Timer IC.

Study of Pulse Code Modulation transmission andpgon.

To study the input stage of an Op-amp using disctemponents and find out the
differential mode gain.

PSIPCE study the input stage of an Op-amp usingetis components and find out
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the differential mode gain.
12. Study of D.A.C & A.D.C.

COURSE OUTCOME:
This course will help the students to
0] design and fabricate various advanced digital and alog electronic circuits,
e.g. modulator circuits, PLL circuits, Microprocessr programming, etc.
(i) design and conduct various electronics experiments.
The experiments will help the students to understashthe application of the theories in

practical field.

Course No: PHS 495C: Applied optics and Opto-eleabnics-II
(Practical) Credit: 4 Marks: 50

Group A:

1) To measure the yYvoltage of an Electro-optic modulator.
2) To use magneto-optic modulator for verifying Fasad#ect.
3) To generate optical Manchester coded data.
4) Verification of optical cross gain modulation by 80O
5) Use of Heterodyne detector for measuring phaserdedsity of an optical signal.
6) Measurement of threshold current of a Semicondulttoction Laser
from its Light intensity vs. Current density curve.
7) Use of OP AMP for using LED as linear modulator .

Group B :
1. To set up a Mach Zehnder Interferometer by Laseneéasure the Phase difference of
two light beams.
2. To set up a Mach Zehnder Interferometer ( MZI) expent with single mode fibers
and Laser to measure phase modulation.
To set up an experiment for measuring displaceimgoptical fiber sensor.
To measure attenuation and splice/ connector lpssing OTDR.
To set-up an experiment for measuring temperatygplical fiber sensor.
To study interference of light by single mode fiber
To study the spectral response of a photo detesiog optical fiber link.

No oMW

COURSE OUTCOME:
This practical course structure is designed to impa the students to provide strong
hands- on laboratory training specially in the advace field of Optoelectronics. This

will help them immensely for research in Semiconduor Laser and Fiber Optics.
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Course No: PHS 495D : Cosmology and Astrophysics (PRACTICAL)
Marks: 50, Credit: 4

1. With a small telescope, identify following objects
a) Moons of Mars, b) storm in Jupiter, c) rings amabns of Saturn, d) Orion nebula, e)
Andromeda galaxy

2. Radio Astronomy with AIPS: Load of a image in aiMgasurement of rms of a given
image.

3. Radio Astronomy with AIPS: Measurement of flux dgn®f a point and extended

source.

Polar alignment of an optical telescope.

Detection of variation of solar radiation using ta@mponent radio interferometer.

Study of solar flares on Very Low Frequency signadsng a standard transmitter

signal.

7. Deflection of radio signal from Sun using a smatlio antenna.

8. Variation of radio signal towards Galactic planengsa small radio antenna.

9. CCD characterization.

10. Estimation of atmospheric extinction in differenlaurs (filters)

11.Measurement of period of a binary star system

12.Distance determination to Cepheid variables baseti@ir light curves

13. Classification of stars based on their spectra

14.Use of spectral classification in deriving distaste stars.

o0k

COURSE OUTCOME:

1. The course is meant to give advance knowledge oftAahomy and Astrophysics to
the interested students.

2. Galactic and Extra-galactic Astronomy is introducedin details alongwith brief
introduction of cosmology.

3. Practical experiments are aimed to give students gd idea about night sky and
various advance hands on experiments.

Course No: PHS 496: PROJECT, SEMINAR AND GRAND
VIVA

Credit: 4 Marks: 50
GUIDE LINE FOR THE COURSE :

Students have to perform the following duties :
1. Identify an area for research where the knowddalzse can be potentially augmented.

2. Understand the shortcoming/lacunae in stateisfieg knowledge through literature
review.

3. Propose / design a possible solution to thelpnob

4. Collaborate with other researchers and insstateund to facilitate the proposed
solution.
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5. Present the entire work in the form of dissetat
6. Defend the work through a presentation and a gkam to a panel of evaluators.

COURSE OUTCOME:

Students are expected to come up with a comprehewsiproject work in subjects of
physics. The students have to perform a researchrgject during their last two
semesters on wide range of modern-day topics undéhe guidance of any of the
faculty members of Physics department and the examill be held at the end of fourth
semester. This gives an ideal atmosphere for converg class room learning to
cutting-edge research applications. The project tdps should be chosen so as to
inculcate culture of independent research. At therad of the course each student have

to present a thesis.

Each student has to present a seminar on a topic difieir own choice in the final
semester. There is a good interacting session inettseminar. Thus seminar gives a
good training to student and gives encouragement tioe a participant of National and

International Seminar.
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