School of Basic Sciences, CSIJM University, Kanpur

Minutes of the BOS meeting

An online meeting of the Board of Studies of the Department of Physics, School of

Basic Sciences was held on 7/07/2023 at 10:30 am to modify the syllabus of M. Sc Physics and
Pre-Ph.D Physics course work syllabus. The following members (as approved by the Vice
Chancellor, CSIJM University) attended the meeting.

1.

Prof. D.K. Dwivedi, Department of Physics, M.M.M. University of Technology, Gorakhpur,
External member

Prof. Ganga Ram Mishra, Department of Physics& Electronics, Dr.Ram Manohar Lohia
Awadh University, Ayodhya, External member

Prof. R.K. Dwivedi, Director, Department of Physics, School of Basic Sciences, CSJM
University,Kanpur, Internal member

Dr. Anju Dixit, Deputy Director, Department of Physics, School of Basic Sciences, CSIM
University, Kanpur, Internal member

Dr. Prabal Pratap Singh, Department of Physics, School of Basic Sciences, CSJM University,
Kanpur, Internal member

Dr. Awanish Kumar Bajpeyi, Coordinator, Department of Physics, School of Basic Sciences,
CSJM University, Kanpur , Internal member

The following members of the Physics Department of UIET were also present in the above
mentioned meeting as special invitees:

Special invitees:

1. Dr. Saswati Sarkar 2. Dr. Ram Janma
2. Dr. Shikha Shukla 4. Dr. Ritika Solanki



The syllabus was discussed in detail. Following modifications have been done in our existing
M.Sc. NEP implemented syllabus and Pre-Ph. D Physics course work syllabus:

1. One unit related to Indian Knowledge system is included in the Paper first -Mathematical
Physics - | of the first semester as recommended by the BOS Members.

2. The following courses have been shifted from the third semester to the second semester:
Condensed matter Physics - Il
Quantum Mechanics-11

3. The following course has been shifted from semester second to third:
Electronics

4. The following course has been shifted from semester fourth to the third:
Nuclear and Particle Physics

5. The following course has been removed from the third semester:
Fiber optics and Photonics

6. Summer Internship/Review based on literature survey are included in semester third.
Students will either do a summer internship or review based on a literature survey after the
Second semester and will be evaluated in the third semester.

7. Last semester courses classes can be in online mode and the courses can be taken
through MOOC/NPTEL

8. All courses have uniformly four units as suggested by respected BOS members.

9. In the last semester the Research Project credit has been increased from 8 to 16. Students
will be doing four-month internship/field work followed by the dissertation, presentation
and viva.

10.0ne unit of Paper second of Pre - Ph.D. course work syllabus i.e Classical Mechanics is
replaced by the unit about the Indian Knowledge system as recommended by the BOS
Members.

11. One more unit in Paper 111 of Pre - Ph.D. course work syllabus is added about spectroscopic
techniques .



All other minor corrections suggested by the BOS members ( both internal and external ) were

incorporated in the syllabus. BOS recommends the enclosed syllabus 1o be implemented in the

M.Sc. Physics and Pre - PhD syllabus of 'hysics Department.

Prof. D. K. Dwivedi
Department of Physics
M.M.M.U.T, Gorakhpur

b

Prof. R.K. Dwivedi
Director

School of Basic Sciences
CSJM University, Kanpur
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Assistant Professor
Department of Physics
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CSJM University Kanpur
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Assistant Professor
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Dr. Awanish Kumar Bajpeyi
Assistant Professor
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CSJIM University Kanpur
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M.Se.in Physics (2 year duration)
Department of I‘hymm. School of Basic Sciences
CSJIM University, Kanpur

Program OQutcomes of M.Se,
The M.Se

Physics), School of Basic Scicnces
- Physies program provides the students with knowledee. general competence
and analvtical skills on an advanced level needed in educational institutes, ndustiry,
consultaney, rescarch or public administration.

The dissertation work in M.Se. program gives special expertise with in one of the
research arcas offered at that department of physics such as High Energy Particle of
Physics. Solid State Phasics, Fiber Optics and Photonies, Material Characterization
Technigues and Laser & Laser applications Physics,

This M.Sc. in physics has offered 20 courses during four semesters, The course is so
dexign that after completion of post-graduation program. the students will be able to
Create. apply and disseminate knowledge leading 1o innovation at both local and national
level.

Think critically through acquired knowledge in various major branches of’ Physics,
explore possibilities and exploit opportunities positively,

Sustain intellectual curtosity and know how to continue to leam not only areas that are
relevant o physics, but also that are impurtant o society.

Successiully carry ont advanced tasks and  projects. both independently  and in
callaboration with other discipline.

Enhanced regional. national and international competency lead a sustainable life and
become socially and environmentally citizens,

Lead a sustainable lile and become soeially and cnvironmentally citizens

Program Specific Qutcomes
The Master of Science in Physics programme provid

¢ the candidate the requived

knowledge, general competence, and analytical skills on an advanced level, needed in

industry, consultancy, education, research, or in public administration,
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Phe students would gain substantial knowledge in various branches of physics:
Electronics, Quantum, classical statistical  mcchanics, condensed matter physics,

astrophysics, panticle, nuelear and hig
W

h energy Physics.

ould learn use of mathematical 100ls in solving complex physical problems and have

the solid background and EXperience required to model, analyze, and solve advanced

problems in physics elohally.

Would able to apply advanced thearenical and/or experimental methods, including the use

ol numernical methods and stmulations,

This course would empower the student 1o acquire scientific and engineering skills and

the required practical knowledge hy performing experiments in general physics and
clectronies
Would also get some rescarch oriented experience by doing theoretical and cxperimental
projects in the last semester under the supervision of faculty.

The course as a whole opens up several career doors for the students interested in vadous

argas of scicnce and technology in private, public and Eovernment sectors.

Students may zet joh opportunities in hisher education, research organizations, physics

consultancy, radiology, radiation oncolozy and many athers. Some of the institutions

where physics students can stant their carrier arc: BARC, DRDO, NPTC, lSc, ISRO.
ONGC, BHEL, PRL, NPL. SINP, VECC, NTs, NITs. IIPR etc.

Program Educational Objectives
The two vear M.Sc. in Physics program offered by the department

of physics, school of
sciences has been designed 1 impart high quality education in physical sciences.
The objectives of the cumculum o prepare studemts o ke up challenges ag a
rescarchers! compentive physicist in diverse areas of theoretical and experimental physics,

The progeram also aims to make the students tdl.‘|!1ﬂi1:;i.]]}f ard EH]:I[}.-'T'LC:I.W_-.' skalled, Tn third

and fourth semesters the students are offered various elective papers in the following
advanced areas: Theoretical high energy pliysics, fiber optics and photonics, material

charactenization technigue and Laser plivsics and iis applications along with several core
subjects of physics. Moreover, the students are trained 1o carry out laboratory
experiments in cenain advanced areas of physics such as nuclear physics, electronics and

losers.
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4 A research oriented dissertation i 4™ semester will enable the studems o develop

analytical and integrative Problem-solving skills,

tA

Aller completing this 2 year M.Se, (Physies) program the students can pursue higher

education in physics by cleanng NET, SLET, GATE. UGC-CSIR lests. The course ns g

whale opens up several career doors for the students imterested in various areas of seience

and technology in Private, public and govermment sectors at national level. Students may

2et Job opportunities in higher education, research organization, physies consultancy,

radiology and wany others,

There are some institutions like BARC, DRDO, NTPC, ISRO. SINP, VECC, lITs, NIT,

ele where physics students can star their career after completing the master degree in

physics.
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M.Sc. in Physics (2 year duration)

Semester-wise Course Structure

First Year

Second Year

: | E;
I" Semester | 2" Somester

3 Semester

4™ Semester

T . - : : n — [
PaperType | Credit | PaperType Credit] Paper/Type | Credit] Paper/Type | Credit
Mathenmtical Physie1l Cuondensed Mangr 4 Arormic aml Molceatar Fhysies 4
PPhysigs-2
Core e
Cive
Classwal Mechanics 4 Sathematical Plivsics-1 4 Nuglear and Particle 'hysics | 4 Statistical Physics | 4
Core Cowre Core Core
L Aechanics- 1| Cuanturn Mechanics- 11| 4 Electronics 4
Core Corg Cone
Condensed Matter N Electives| d Elective-2 4 Elective-3 3
Thysicas=l Tigh engiey parigle
1""-'!"5""10" | Material Characterization Physecs ol Lasers and
Cone [ lectrog WRTILS Techniques A[‘pficil-t“.‘ﬂ}
O Or
Mivsacs af Nano Maigrials Plasma Physics
Lahoratory-| n Lahorwtory-11 4 Laburatary- 111 3 = -
Research 3 ResearchProject b RescarchProject - Research 16
Troject Project
Minor Cowrse 4 Summer 4
|nl1'.'ln‘.hi[\."|1w. ow
based en literatgre
SUn cy |
Total credils 20 2 N 24

Mlinor cleetive fram ather department facully to be tken in 1 year only( 1" or 11 semester )

Shmum
credits

annually

51

48
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Total Marks: 2200, Total Credits: 100

Semester-1, Total Marks: 500, Credit:20

SENo, (_j'm.;!';: Code |

Name of Paper ‘Maximum Credit
mark
1. CBOLUOTOIT _i ~ Mathematical Physics-I 100 4
2. BorUoTerT Classical Mechanics 100 4
3, BOIUOTO3T | Quantum Mechanics- | 100 4
4. BOIUOTO4T Condensed Matter Physics-1 100 4
' 5. BOTUOT0SP ' ~ Laboratoy-l | 100 4
r 6 | ~ Rescarch Project - -
l
Semester-I1, Total Marks:700, Credit:32
S0 No. Course Code Name of !‘apEr Maximum mark Credit
7. | BO1UOROIT Condensed Matter Physics-1[ 100 4
|
8. BOIUORO2T Mathematical Physics-1] 100 4
T 9 | RBOIUDRO3T Quunlu;n Mechanics- 1 | 100 Ty
. BOIUOSO4T Clective-1 100 3
I1. | BOIUDSOSD 1 Laboratory-II 100 3
Ty - ' --}T«_ﬂrﬁ{maculty} 100 4
13 | BOIUOROGR | Research Project 0 5
| v

/.
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Semester-111, Total Marks: 600, Credit:24

N

| Course Code ‘ Name of Paper | Maximum Credit
mark
| | |
E ‘ ROTUODOIT ‘ Alomic and Malceular Physics 100 4
| 14, [ noruoooaT :| Nuclear and Particle Physics 100 1
R | BOTUOYO3T \ Electronics 100 a |
[[_ 16, | BorcosodT | Flective-2 100 4
: . |
LT, | BOIU09OSP [| Laboratory-11! 100 4
— U— e
| 18. | Research Project - -
_I“i.. | |. Snlnsn._-F-Tnlurn_x‘hihrﬂcvicwhrw:-.l on | 100 ] 4
L | BOTL0906T | lierature survey
i | ) LA l_
Semoster-1Y, Total Marks:400, Credit: 24
[ SENo. ‘  Course Code | Name of Paper Maximum mark Credit
|_ 19, | BOIUIOOIT | Statistical Physics || 100
: 4’ DIUIORT | Flective:3 100 [
f' BN I TROIUIOR | Rescarch Projeet 200

“Students s Select one of the i"nHuw_irEclccl'wc papers:
Semester-11- Electuve |

«  BOIUOSO4AT: High encrgy particle Physics

e BOIUUKOABT: Electrodynamics

Semester-11- Electuve [l

e BOIUOSOMAT: Material Characterization Techniques
e BOIUOYO4BT: Physics of Nano Matenals
Semester-1V- Elecuve 1M

o BOIUIO0O2AT: Physics of Lasers and r’\mmlimiinm

aJ

s BOIUI002BT: Plasma Physics / . g gu\_/
pD -
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Detailed Syllabus

_ SEMESTER-1

Course Code: BOTUOTOLT Full Marks: 100, Credit: 4
Course Nume 1 Mathematical Physies-I

Course outcomes {CO): ALthe end of the course. the student will be able to:

Ol hmmlui-m of nur numerical differentiation and i mtegration
|

Cco2 | Gt miroduced o special functions like Gamma function, Beta function Delta function,

Daiae Delta luncton, Bessel functions and their recurrence relations.

Leam ditferent ways ol solving second order differential equations and familiarized with

| singular points and Frobenius method.

CO4 | Learn the fundamentals and applications of Fourier series, Fourier and Laplace transforms,
their inverse transtforms cle. These mathematical concepts are widely used in various

l | physics derivations,

| COs | Understand the historical account of Indian Phgsicista

[ co3

Course Details:

Unit 1-Elements of complex analysis: Analyticity, Cauchy-Riemann condition, Singularitics,
Cauchy's theorem and integral formula, ealeulus of residues.

Unit 11- Second order hinear differential equation: Series solution of Bessel, Legendre, laguerre
and Hermits equanions, Generating functions, Recurrence relations and Ortho-normal properties,
Circen function.

Unit ITI- Fourier senes and Integral transforms: Fourier Series of even and odd function, fourier
sine and cosine antegrals. Laplace transform, Inverse Laplace transform, its properties and
applications, Laplace transtorm of Dirac dela function, Fourier transform and inverse Fourier
transform, their propertics and apphications,

Unit 1V- Indian Knowledge System: Concept of alomicity, Space and time,Concept of Matter,
Life and Universe, Sage Agastya model of battery Gravity, Velocity of Light, Vedic cosmology
and modern concept. Bhartivi Kal Ganana, History and culture of astronomy, Sun, carth, moon
and echpse. Spherical nature and rotation of carth, Concept of Zero and Pi, Number system,
Pyvthagoras theorem and Vedic Mathematies.

Text and Reference Books:

I. Mathematical Methods tor Physicists by G.Arlken and H. Weber, 6E, Elsevier Academic
Press 2005,

Advanced Engincering Mathematics by E. Kreyszig, 10E, John Wiley & Sons Inc. 2011,
Mathematical Physics by H. K. Dass, TE, S Chand & Company 1997.

India"s Glorious Scientific Tradition by Suresh Soni, Ocean Books Pvt, Lid, 2010,

. > it )
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SEMESTER-I

Course Code: BOIUOTO2T Full Marks: 100, Credit: 4
Course Name: Classical Mechanies

Course outcomes (COY: At the end of the course, the student will be able to:

‘ Ol ‘ This paper enables the students to understand the Lagrangian and Hamiltonian approaches
] i clssieal Mechanies.
‘ CO2 | The classical backeround of Quantum mechanics and get familiarized with poisson

! brackets and Hanmlwn- Jacobi cquation
CcO3

| Kinematics and dynamics of rigid body in detail and ideas regarding Euler’s equation of
molion

| CO4 | Theory of small oscillations i detail along with basis of free vibrations.

cos [T "

05 .I This paper ena

bles the students o understand the Lagrangian and Hamiltonian approaches
| | in classical Mechanmies,

Counrse Details:

Unit 1- Review of Newtonian mechanics: Constraints, D7 Alemnbert's principle, Generalized
coordinates. Lagrange's cquation, Gyroscopic forees, Dissipalive systems, gauge invariance,
Generalized momenta. Symmetries of space and time with conservation laws, invariance under
Galilean transtormations,

Unit - Central forces: definition and characteristics. Two body problems, General analysis of
orbits. Keplar's laws and equation, closure and slability of circular orbits, Rutherford scattering.
Unit 1= Hamiltonin  equations: Principal of least action, derivation of equation of
motion. Varation and end points. Hamilton principle and characteristic functions.Canonical
ransformations: generating functions, Properties, infinitesimal penerators, Poisson Brackets,
Poisson theorems. Angular momentum Poisson brackets.

Unit IV- Hamilton -— Jacobi theory: Harmonic oscillator and Kepler's problem by Hamilton-
Tacobi method, Action angle varables. Problem of Small oscillations: Examples of two coupled
oscillators. General theory of nurmal coordinates and normal modes of vibration.

Text and Reference Book:

| Classical Mechanics by HL.Goldstein, 2L, Narosa Publishing House, Delhi 2018.

2 Classical Meehanics by N.C. Rana and I'.S. Joag, Tata McGraw-Hill , New Delhi, 2001.
3. Classical Mechanics by 1.C. Upadhyaya, 3. Himalaya Publishing House, Mumbai, 2022
Classical Mechanics of Particles and Rigid Bodies by K.C. Gupta, 3E, New Age
International Ltd. New Delhi, 201 8.
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SEMESTER-]

E
|
|

Course Code: BOIUOTIAT Full Marks: 100, Credit: 4
Course Name; Quantum Mechanies-]

Course outeames (COJ: At the end of the course, the student will be able to:

[cor

Linear vector spaces. Hilbert space, concc@' basis and operators and bra and ket
okiton,

‘ (0 Hnlh Sehnudmger | Imnbug, formulations ofime development and their applications,

03 lT\un\ ol angelr et and spin matrices, orbital angular momentum and Clebsh
| G i, space ke matrices and conservation laws, Theory of identical
articles
i
CO4 | Theory of scaterng andclcubions ofsaterngcross s, aptical theorem,pata
‘ | Wave v,
|
| (O Linear vectr spaces. Hilhert space, concepts of basis and operators and bra and ket
|| nabaon

Course Delails:

Unit 1+ Dimension and basis of vector space: Hilbert space, Direc bra-kel notation, observables
and operator, Eiwen values and Figen vetors of an operator.
Unit 11 Matniy sepresentation ol aperators: Solution of anc-dimensional hamonic oscillator,
Divac delia function. - expectation values and their time evolution Poisson brackel and
commutatn.
Unit (11 Angular Monentun: Matrx representation, Eigen function and Figen value of angular
momenium operators, solution of Schrodiger equation for spherically symmelric potentals,
Hydrogen atorm, spin angular momentum, spin |/2 and Pauli matrics, tolal angular momentun,
Clebseh Gordan cocfficients.
Unit IY- Lenuical Particles: Symmetric and anti-Symmetric wave functions, Pauli exclusion
principle

Text and Reference Book:

1. Quantum Mechanics Theory and Applicetions by A. Ghatak and S, Lokanathan, SE,
Macmillan. 2004

. A Tevtbaok of Quantum Mechanics by M. Mathews and K. Venkatesan. 26, MeGraw-
il Fducation (India) Pt Limited, 2010,

i 91|;m|um lechanics Concepts & Applications by N, Zewif, 28, John Wily & Sons nc
]
4, ;)“L:mﬁum Mechanies by L. Sehiff, 46 McGraw-1ill Education (ndie) P Limied,
17
S. l::]:l:tml.l 0 10 Quantum Mechanics by D.J. Griffiths, 3 . Cambridge Universty Prss
. (‘;!lllt\!ﬂlim\luh anics by 1L Powell md B rasenny v, AddisoneWesky, 196,
7. Quantum Mochanics by [ Merzbacher, 3L, Johy \’lIL) & Sons Ine. 2011,
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SEMESTER-I

Course Code: BOIUOTOAT Full Marks: 100, Credit: 4
Course Name: Condensed Matter Physics-1
Course outcomes (COY: At the end of the course, the student will be able Lo:

COL | Tdenity the Crystal steucture

CO2 | Learn abom Neray eled I-u?;uul NCULron Su;l[h_'ring

‘ {03 _|_s:.|.'||'| .;hn“” I3toch I||c|||Lm_

co4 ‘ Tdentify dereets in erystal structure which has significant role while preparing material for
both local and national Tevel applications )

Course Details:

Unit 1- Crvstallography: Fundamentals of erystallography. symmetry operations, crystal systems,
Brivais lattices, unit cells. primitve cells, erystallographic planes and directions,  symmelry
clements v erystals. proper ratation asis, plane of symmetry. inversion centre, Screw axis, plide
planc. Type of Bravas lamces. closed packed structures. diamond structure, Zine blend structure,
Weraner-Seitz cell, Miller imndices, Liquid erystals.

Unit T- Xoravs Ditfiacton and Reciproeal Lattice: Choice of x-ray, electron and neutron for
crvstal structure determmation. Bragy's diffraction. Reciproeal lattice, The Braggs condition and
Fuwald constroction, Brillown sones of SC BC and FCC [attices, Atomic scallering faclor,
Geometrical structiie factor, Laue method, Rolating erystal method, Powder method, Debye
Scherer technique. Analvsis of powder photograph, Crystal structure determination,

Unit 1T1- Flecrron o perindic latice: Bloch theorem, Band theory,  Effective mass, Nearly
free clectron  approvimation.  beht - binding approximation,  Fermi surfaces.  Cyclotron
resomamee, The De Hass-Van Alten effect, Magneto resistance, quantum Hall effect. Weiss
theory of Terramagnctsm, Hesenberg model. Mean field theory, Fxchange intraction, Spin
wanes and magnans, Curie-Weiss faw Tor susceptibility, Domain theory and hysteresis loop,
Bloch wall, Anti-forromaanetism, Ferrimagnetic materials,

Unit IV- Tmperfections m Crstal: Point imperfections, Vacancies, Interstitial, Schottky and
Frenkel delect. Colour centres. Dislocation of elastic and plastic deformation of solids, Slip
planes. Critical resalved shear stress. Flastic encrgy. Frank and Reid source, Stacking faulls,
Grain boundaries. Tilt boundaries, and Twin boundaries, Whiskers, Observations of dislocation

and other deieers,
Test and Reference honhs!

I, X-Ray diffiaction by B.D Cullity. IE, Pearson 2001,

Crvstal Stuctare Analvsis by M. 1. Burger. John Wiley, 1960,

[F9)
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2. Interpretation of N-ray Diffraction Phatographs by [Tenry, Lipson and Booster, {
Macmilhan Lid. London 1961, S



4. 't"',lu_ncul:n'g\ Solid State Physies by MUAT Omiar, 15, Pearson India, 2002,
S Solid Stae Physies by Chanles Kittel, 81, John Wiley & Sons Inc. 2012,

O Prinvaples of Condensed Matier Physies by PNChaikin and T.C. Lubensky, Cambridge
University 1fress, 1993

7. Solid state physte by NAV, Aselwortand N.D. Mermin, 26, CENGAGE Learning Asia,
20116,

N,

Introduction e Salids T Azaroll, MeGra T Education, 2017,

SEMESTER-

Course Code: BRollinmosp

Full Marks: 100, Credit: 4
Course Name: Taboratory -

Course onfeomes (CO): AU he end of the Tab course, the student will be able to:

[Con —[_T‘n‘l'l'u!'m\.mc u:\pgtun.;:n\rul.uu-dTr[-)pm ==

| Con

Be il witl Canon measuring msteiments and also would leam the importance of accuracy
\ | ol measu cnents

Name of Faperiments:-

o Alcasmoment ol wavelenath of He-MNe laser using a steel scale.

P, Dl

e Resolvne power of prism

o voung - Madulus and Porsson’s wate ol glass by Comnu's fringes

o Verlication ol Fresnel's formula

o Thermal and electrical conductivity of copper and thermal conductivity of a
[l e tow

o Conhe won el Cirie and Weiss Taw for o ceramic capacitor

L ]

Calibranon ol silicon diode and copper constantan thermocouple against Pt
Resistmee thermomeler

A
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SEMESTER-N

Course Conles BOvtinsg g Full Marks: 100, Credit: 5
Canrse Noame: ondensed Nyep Physies -1 . .
{ nurse outcwmes (COR: Ay e eny ol the course. the student will be able t0;

i | , N s 1lher : . . . - . i
| APnreetie the e N pes afbonding in sohds and of interactions in soft matter.
|
Lol { &l '
e able tsolve ol s i teciprocal space iphonons and electran band structure).
COY | Stdents can numerically model

disordered materials and explain how the propertics

chimge with varving deorees ol disorder.

GOV | Sindents:

anesplam the electrial propertics of erystals in terms of the free-clectron

| gy model as well s electronic band structure, and caleulate these properties for
islmp'lgng.a'l.ti-. n

Course Details:

Unit I - Trianspor Properties of Solids:
sermiconductis, ermi surfices
Quantum TLall ¢fe-

Bolzmann transport equation, resistivity of metals and
determination, Landay levels, de Hass van Alphen effeet,
sl quanmtim Hall efteet and Magnetoresistance,

Uinit T - Dyctectn Properies o Sohds: Diclectries and lerroclectrics, macroscopic clectric ficld,
local field ar an atom. diclectine constant and pularizability, ferroelectricity, antiferroelectricity,
prezoclectric erystls, fermoclistieity. clectrostriction. Oplical properties: Optical constants and
therr physical stenificinee, Relleetivity in metals. plasmonic properties of metals, determination
oF band gap i semiconductors direet and mdireet band ap, defect mediated optical transitions,
CALUILONS, plitalunnnescence., | lectroluminesengy

Unit T - Magnetan Types o magnetic materials, Quantum theory of paramagnetism, Hund's
rule. Ferranienctean antiferromagnetism: moleeular fiekl, Curie temperature. Domain theory,
Magnetic Snsetopys Nhagoctic iteractions. Heitler-London mecthod, exchange and
supereschanee, wagnetic moments and - erystal-field  elfects, spin-wave  excitations and
thermodymamies, anttermomagnetisim, Magnetostriction,
Unit 1V - Flectron Phonon Interaction: Interaction ol ¢

cctrons with acoustic and optical
phonons, Polaron Supercomduetiviee:s Manilestition of encrgy gap, Cooper pairing duc to
phomms, Bes othoory ol superconduetivity, Ginesbure- Landau theory and application to
Josephson cireer Thalemperanare supercondictons,

Text aml Relerenee boaks:

Lo Introduetion i salid Staic Theory by O Madelung, Springer Series in Solid-Siate
Sercnves (SH800 valume 2) 1978,

Ouintm theory of Sohds by L Callisvay, 2B Flsevier 1991

Pt tnenien o Salud Seie Physies by C Kantel, 81 Wiley ndia Private Linvited, 2012,
Solestate Phvsie by Lo Dekkers Macollan bndia Limited, 1993,

Sole s atare hivsies s 1 Pane VUK Babhare, S Chand Publishing, 2015

O Elenmentars solid Ste Pliysies by MUAT Owar, 11 Pearson India, 2002, W
( ﬁr\t\' . g g -
Y,
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SEMESTER-TI

Course Code: BO1UO02T Full Marks: 100, Credit: 4
Course Name: Mathematical Methods-11

Fﬂllr\u'r:|!t_gm(_ 0): At the '-""ll ol the course, the xh:{[u.,_r'l! will be able 1o

Ol

’:_‘n':
i |

transcendental equations, convergence of solutions.

Understanding ol 111u1|md- of determinalion of zeroes of lincar and nonlincar nl:,cbr:ut and |

Know about Solution of simultanceus linear cquation:

| CO3 | Knowledge ol numerical differentiation and inlegration;

J'_ —
’_Tm - To learn numenical solution of ordinary difforential cquations

Course Details:

L'nit I- Computational Methods and Numernical Solution of lincar equation:

Methods of deternunation of zeroes of linear and nonlinear algebraic  and transcendental
cquations, comvergence of selutions,Gaussian climination, Tierative method, Matrix  inversion,
Eigen vialues and Eigen vectors of matrices, Power and Jacobi method,

Unic 11-Ordinary Differential Uguation:

Fimite differences: Interpalation with equally spaced and unevenly spaced points curve fitting,
polynomial least squares and cubie spline fitting. Fuler's and Runge-Kutta method, Predictor-
Corrector methods, Elementany ideas of solution of partial differential equations.

Unit H- Numencal differentiation and integration;

Trapezoidal, Sumpzon and Gaussian  integration Methods, Newton-Cotes formula, Cubic spline
method, Monte- Carlo evaluation of integrals, Methads  of importance sampling,

Unit IV Introduction to computers and Computer Programoming m FORTRAN

Basic Structure and functioimmg of computers Memaory, 10 devices, Secondary  storage
Computer languages, Introduction o UNIN and WINDOWS Data Processing, principle of
programming, Algarithms and flow-charts. Flements of the computer language, Constants and
variables, Expressions, Arithmatic  assignment statement, Input and Output, Format statement,
Termination statements, branching statements

Text and Reference Books:

1.

£ e b

Ly

Introductory methods of Numerical Analysis by S. 8. Sustry, SE, Prentice Hall India,
2012

Matrices and tensors for physicist by Ao W, Joshi, 3E, New Age International, 1995
Numerical analysis by V. Rajaraman, 3k, Prentice Hall of India, 1993,

Computer Programmuing in FORTRAN 77 by V. Rajaraman, 4E, Prentice-Hall of India.
20049,

A Guide 1o Monte Carlo Simulations in Statistical Physics by DI, Landau and K.Binder,

AL, Cambndge University Press, 2009,
) S aY
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SEMESTER-II
Course Code: ROTUDEOST

Course Mame: Quantam Mechanics-11
Caourse outenmes (CO: At the end of the course, the student will be able to:

| COl | The primary poal of this course is o develop an underst; anding of same of the more
advanced topics and techniques used 1n quanmum mechanics.

Fult Marks: 100, Credit: 4

=

| LD- HIUdL[H‘H "‘lhl‘llllLl h.]."..-E Ln“\'-']LLIL_L dbu“t - l |||-|'|Lt 1Il‘.ILI'|l;'|| L{IT‘ILL]"II\ q_'I_I'ILi IhL‘ “'IJ[hCmﬂuLﬂI
[ 1C~m‘hi|1_-m used in the gencral formulanion of quantum mechanics (QM)

€03 Understand the concept of eross section and  Bom approximation

E—"
| CO4 | Understand the significance of Relativistic wave equations

Course Dietails:

Unit 1- Approximation method for stationary states, Perlurbation theory ( non degenerate and
degencrate case), Variational method, WKB method.

Unit 11- Tyme-dependent perturbation theory: Fermi golden rule, Harmonte Perturbation,
Semi-classical theory of radiation: Transition probability for absorption and induced emission
(stimulated), Llectric dipole approximation, Selection rules. Forbidden transitions, Transition
probahility for spontaneous emission Emstein's A and B coefficients.

Unit 111- Scauering: Differential scattering cross section and total scattering cross section,
scattering in the Lab aml CM frames, seattering amphiude, Bom approximation., Partial wave
analvsis for elastic scattering, phase shift, optical theorem, scatlering by a perfeetly rignd sphere
and by an attractive; square well potential,

Unit 1V- Relativistic wave cquations: Klein - Gordan equation, its interpretation and free particle
solution, Free particle Dirae cquation, and plane wave solution, alpha and beta matnices,
covariant form of Dirac cquation. Gamma matrices, spin and magnetic moment of electron,
interpretation of negalive energy states.

Text and Reference books:

1. Introduction to Quantum Mechames by DU Griffiths, 2E, Pearson Edueation, India, 2004,

Quantum Physics (In S Umts) BY E. Wichmann, Berkeley Physics Course Vol 4,

MoeGraw Hill, 2007,

The Feynman Lectures on Physics BY Richard P. Feynman, Robert B, Leighton,

Matthew Sands, Vol 3, Pearson Education Limited, 2012,

4. A Texthook of Quantum Mechanics by P.M. Mathews and K. Venkatesan, 2E, McGraw-
Hill Education (Inda) Pyt Linuted, 201

5. Quantmum Mechames Coneepts & Appheatons by N, Zetili, 2E, John Wiley & Sons Inc.

[

[

20009,

6, Quantum Mechanics by 1.1 Schill, 4E McGraw-Hill Education (India) Pyt Limited,
2017.

7. Introduction to QIJHFIH”T'I Mechanics h:v' ]G E.J[_Illh:-;1 aE, Can]hridgf_ Uni\-t;sit_}a Press
2018,

8. Quantum Mechamics by LL Powell and I3, anun.mn Addison-Wesley, 1961, W
14
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SENMESTER-I

Course Code: BOIUORMAT  Elective PMaper Full Marks: 100, Credit: 4

Course Name: High Enerpgy Particle Physics

(;C‘[;[lr“ ulull_rjrim_n_us {ETUI: At the r.-_nd ol the course, the student will be able to:
| Understanding about basic concepts of agh energy particles

| COn2 | E heir decay and hilelime. f_:*'rmﬂuﬁ will also gn .knnu-'lg:dgﬂ -;j-hnul: the unification of the
fundamemal forces Like strong weak and clectromapnctic forces through the gauge group
SU(3) X SU(2n XUl . ]

Course Details:

Unit I- Symmetries and Conservation Laws

Conservation laws, parity transformations, charge conjugation, time reversal, CPT theorem, G-
panty.  Gell-Mann-Nishijima  relation,  Tsotopie  Spin,  Lie  algebras  and  fundamental
representations of SU2) and SUY),

Unit 1T- Quark Model of Hadrons

Historical development of the quark model, Quark Navors and colours, quark-antiquark and three
quark hound states of Mesons and Barvons, colour factors. Application of gquark model to
Hadron masses, Quark Parton model

Unit 111- Gauge Invanances and Weak Tnteractions

Glubal and local gauge synmumetries, Noether's theorem and conservation laws, Abelian and Noen-
Abelian pavoe invariance, Intermediate vector bosons, four-fermi interactions, parity violation
and V-A theory of weak current, CP violation in Kaon decays

Unit 1V- Standard Model and Beyvond Spontaneous breakig of gauge symmetry, IHigegs
mechamism, Glashow-Salam-Wemberg theory of electroweak interactions, fermion masses,
Phenomenlogy of extra dimensions.

Texr and Heference books:

I. Quarks and Leptons: Quarks and Leptons by F. Halzen and A D. Manin, Wiley India,

2008,

Intraduction to Particle Physics by M, P. Khanna, PHI Leamning, 1998,

Gauge Theories in Particle Physics by LLR. Aitchison and A.).G. Hey, 4E (2Vol Set),

CRC Press, 2021,

. Lapton and Quarks by L.B. Okum, 1E,, Elsevier Academic Press | 992,

5. Gauge theory of ¢lementary Particles by T.P. Cheng and LF. Li, Oxford Scicnce
Publications, 1954,

6. Weak interaction of Leptons and Quarks by P.H. Bucksbaum and E. D. Cummins,

Tt Ik

Cambridge University Press, 1983, . 1 W
LS e '}
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SEMESTER-11

Conrse Codes BHUOSMBT  Elective PPaper Full hMarks: 100, Credit: 4
Conrse Name: F, leetrodynamies

Course outcames (CO): At the he end of the course, the student will be able to:

ol Students get a an.luiu ol Maw cll'sequations, Lincard -Wicchart potential,
‘_-_1,'1 Gy T e s i I .
COS | Swdy related 1w electrie and magnetic ficlds due to a uniformly moving charge
1

CO3 1 Get knowledge of 1|\L11L1r distribution of power radated, Synchrotron radiation and
Cerenbov radution Reaction force of radiation. —

CO4 | Understanding of Lorentz transformation in four dimensional space, Four vectors and
their transformation

Course Details:

Unit 1-Gauss's Law and its application to ficld problems,Bio-Savart's law and its applications
Ampere’s circuital L, Faraday's laws of electromagnetic induction and Lenz's law, Poisson’s
and Laplace’s Equations

Unit 1= Maxwell's cquations, Wave equations for vector and scalar potential and solutions,
Lincard-Wicchan potential,

Tnit 1= Elecine and Magnetic fields due to a uniformly moving charge and an accelerated
charge. Power radiated by a point charge, Linear and circular acceleration,angular distribution of
power radiated, Synchrotron radiation and Cerenkov radiation, Reaction foree of radiation.

Unit 1V - Lorentz tmnsformation in four dimensional space, Four vectors (x, del, p, J, A) and
their transformation under LT, Electromagnetic field tensor I, Maxwell's equations in terms ofT,
Dual field tensor, Transformation of electric and magnetic field.

Text and Reference Book:

1. Introduction tw Electrodynamics by 121, Grilfiths. 3E, Prentice-Hall of India Private
Limited. 2002,

2. Electricny and Magnetism (In S1 Units): Berkeley Physics Course Vol 2, EM. Purcell,
2E MeGraw HHIL 2017,
3. The Feynman Lectures on Physies - Vel. 2, Richard P, Feynman, Robert B, Leighton,

Matthew Sands, Pearson Education Linmed, 2012,
4. Electricity and Magnetism, D.C. Tayal, 4E, Himalaya Publishing House Pvt. Ltd., 2019,

- R
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SEMESTER-11

Course Cade: BOTUNSOSP

: Full Marks: 100, Credit: 4
Course Name: Laboratory-1(

Course outcomes (CO): Atthe end of the lab course, the student will be able (o learn:

‘E‘: 1

Get knowledge of experimental technigue 1o measurement of inductance and capacitance and sty
O LCR series and parallel

€O Come to know about I-V characteristics of Silicon controlled rectiticr,Uni-junction
| wransistor, MOSFET characteristics.

Name of Expeniments:-

I. Measurement of inductance and capacitance and study of LCR series and
parallel

2. 1V characteristics of Silicon controlled recnfier
3. 1V characteristics of Uni-junction (ransistor
4. MOSFET characteristics.

-I;

Measurement of inductance and capacitance using AC bridges

6. AC Experiments Measurements of L and C and Series and parallel Resonant
circuils.

7. Ripidiy modulus of a brass wire.

¢
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SEMESTER-III

Course Code: BO| U090 T

Course Name: Atomic and Molceular Physics
Course outcomes (CO): At the end of the course.,

Full Marks: 100, Credit: 4

the student will be able to:

- ) y . F 1 \\. e . » 3 . ' |

Col know .1hm{|l_ .dlfTLILIll atom model and will be able 1o differentiate different atomic
.\;}'hlclll& different coupling schemes and their interactions with magnetic and electric
fields,

Iy e Ot . F 1s . 1 i & 1

co2 Have gained ability to apply the techniques of microwave and infrared spectroscopy to
clucidate the structure of molecules.

CO3 | Be able to apply the principle of Raman spectroscopy and its applications in the
different ficld ol science & Technology.

CO4 | To become familiar with different resonance spectroscopic techniques and its
applications.

COS | To find solutions to problems related different spectroscopic systems.

Course Details:

Unit 1- Atomic Speetra: Quantum  States of an clectron in an atom, Hydrogen Spectrum, Spin-
orbit mteraction and fine structure , Term symbols, equivalent and non equivalent electrons,
spectra of alkali elements, Normal and anomalous Zeeman effect, Paschen-Back effect, Stark
effect, LS and JI Couplings, hyperfine structure, line broadening mechanisms
Unit I1- Molccular Spectra: Types of molecules, diatomic, linear, symmetric top, asymmetric top
and spherical top molecules, Microwave Spectroscopy- Rolational spectra of diatomic molecules
(rigid and non rigid rotor model), microwave spectrometer
Unit II1- Infrared Spectroscopy- Vibrational Spectra, Diatomic molecule as a simple harmonic
and anharmonic oscillator, cnergy levels and infrared spectra, molecule as vibrating rotor, P, Q
and R branches, 1R spectre of polyatomic systems
Unit IV- Raman Spectra, Principle of mutal exclusion, Structure determination Raman
Spectroscopy.

Text and Reference books:

e

lard

Introduction to Atomic Spectra by H.E. White, McGraw Hill, 1934

Fundamentals of Molecular Spectroscopy by, C.N. Banwell, E.M. McCash. 4E. McGraw
Hill, 2017.

Introduction to Molecular Spectroscopy by G.M.Barrow, McGraw Hill, 1962.

Modern Physics by R Murugeshan, Kiruthiga Sivaprasath, (8E, S. Chand Publishing,
2019 )

Elements of Spectroscopy by S.L. Gupta, V. Kumgqr, R.C, §)

arma, 27E, Pragati J\?
Prakashan, Meerut, 2015. W CJ %‘
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SEMESTER-II

Course Code: BOIUOYO2T
Conrse Nama: N 09021 Full Marks: 100, Credit: 4
-ourse Name: Nuclear & Particle Physics
Course s (CO): R
‘ COl (L':'—ﬁm]"m (CO: "'"‘__"‘L‘ﬂlt_igl_thc course, the student will be able to:
' ! _"“‘““." the basic forces in nature and classification of particles and study in detail
| = conservations laws and quark models in detail
[ CO2 | Swdents _ha_\'-: a basic knowledge of nuclear size shape , binding encrgy.cle and alsothe
| - characteristics of nuclear foree in detail.
- N — -— e —————————— =
CO3 | Beable 1o gain knowledge about various nuclear models and potentials associated.
L
i

‘ Co4 [ Girasp knowledge about Nuclear reactions, Fission and Fusion and their characteristics.

. | ,
Cos || Acquire knowledge about nuclear decay processes and th

cir outcomes, Have a wide

‘ | understanding regarding alpha, beta and gamma decay.

L

Course Details:

Unit 1- Nuclear Forces: Nuclear two body problem, simple theory of deuteron, spin dependence
and non central nature  of nuclear forces, nucleon-nucleon scattering, scattering length and
elfective range theory, exchange foree and meson theory of nuclear force.

Unit 11- Nuclear Reactions: Q value and threshold energy, compound nuclear and direct
reaction mechanisms, nuclear reaction cross-sections, resonance phenomenon, Breit-Wigner one
level formula, Nuclear models: Liquid drop model, Semi-emperical mass formula, Bohr-Wheeler
theory of fission, Evidences of shell structure, Shell model, spin-orbit coupling, predictions
of shell model., Collective model.
Unit 111- Nuclear Decay: Beta decay. Fermi theory ol beta decay Allowed and Forbidden
Fermi and Gamow-Teller selection rules, Parity violation in beta decay Neutrino

transitions,
a decay, Multipole transitions, angular momentum and parity selection rules,

detection Gamm
Internal conversion, Nuclear [somerism
Unit IV- Elementary Particle Physics: Four fundamental interactions, classification of

clementary particles, Hadrons and Leptons, Symmetry and Conservation laws, CP violation
and CT invariance, SU(2) and SU(3) multiplets, Eight {old way, Quark model, Gell-Mann
Okubo mass formula for hadrons, Basic ideas of standard model.

Text and Reference hooks:
| Introductory Nuclear Physics by K. . Krane, Wiley India Private Limited, 2008.
2. Concepts of Nuclear Physics by B. L. Cohen, McGraw Hill, 2017.
1. Nuclear Physics hy $.N. Ghoshal, S. Chand Tublishing, 2019.
4 Introduction to Elementary Particles by D. J. Griffiths, John Wiley & Sons Ine. 1987,
L)

o [,
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SENMESTER-HI

Course Codle: BOTUOWORT Full Marks: 100, Credit: 4
Course Name: Eleetronies
Course outeomes (COY: ALhe end ol the course, the student will be able to lcarn :

r . —_—

N 1 =D - ; i sl et : : - = -
Lo o L..l Dok junction ansision, Pawer MOSFET, Junction Transistor, Silicon controlled
[ Drectdier appheations

Ty o, T - [ — e

o2 Schottky T FUT M0N0 Drasabaoehe and transit ome Tunnel dhode.

‘ COM | Fleeron = Hole pinr gencration. Ligh Smitting Diode. Fhotoconductivity Cell, Photodiode

‘ L ___|_:Il‘!11|_i5il_l1n_llj_

Co4 Complementary metal oxide semiconductor. Statie random aceess meiory

Course Details:

Unit 1-Basies of Operational Amphher; Diflerential Amplifier, DC analysis. AC analysis,
mverting and non-mverting inputs, CMRRC constant current bias. Integrated cireuits and pin
identification. Open Loap Operational Amplitic Conligurations (Differential, Inverting and
Non-inverting) Op-Amp with negative feedhuek, voltage series and shunt feedback. input
Pandwidih and aumput offset voltage, voltage follower. Practical

resistanee, oulput resesbanee,
mput offset current. total output offset voltage,

{‘rp-g\n”\ inpm aflset volee, mpul hpas currenl

CMIRR fregueney ies sy
Unit 11 - OpAmp Applications: Addition. Sublraction, Summing, scaling and averaging

amplifier. Integrator and differentiator Fowarithmic and anu logarithinic amplifier, Phase shift,
Wein bridec. LC tunable oscillators, Square wave and Triangular wave generators, Comparalors,
Gehmitt tricoer. NI and 1A comverter. A D and DAA conyerters, Sample and hold cireuit,
il hrators.,
Unit 1= Memory devices Complementary metal oxide semi conductor {CMOS). MOSFET
ransistors as n-channel (NNOS). Static random  acces s memory  (SRAM)  and dvnamic
random  access  nemar {DRANT) Read  only  memory  (ROM). clectrically
programmable ROM (EPROM) and clectrically crasable programmable ROM (EEPROM),
volatile and non valatile menmuory.
Unit 1V-High frequency deviees: Frequency dependence of gain, transit time cflect in bipolar
andd in Tield  elfect transistars. Schottky - Barer FET - (MES FET),  modulation doped
Lensistar (MODFET ar HTENT) Ballistic trunsistors- Metal base transistors, ballistie GaAs
Transistors Twa terminal devices- Gunn disdle.  Impact avalanche and transit tme (IMPATT
diode Tunnel diode.

Text and Reference books:

I Optical Flectranices by ALt Mtk and K. Thyvarajan, 1T Cambridge University Press, 2012,
1 Intreduction o semiconductor materials and devices by MUS Tyagi, 215, John Wiley &
[ L — ORI -

Sons 2004 . | .\
Q,SW 3 g%ﬁ‘w
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SEMESTER-IN

Course Codes BOTUIOYSO)
. : ‘\‘ l:l'lll-'r”\" II‘I T :
e L . - . sl Aarlis: 10, Creedlis
:.mn.\\ Namver Materlals Chavaeterizathons Fult Murkas 100, Credit:
OUESe auieamey . . .
ex (OO A the end al the canse, the stislent will e ahle o femm

LU0 Clracteri e W
l l 1.\.|;1L..'l|ll"|1|L\IIH|141IC\1.|.'|"|'||_,q|\;\l.[||l-‘-\'|l|u|.'|“hlj Proyganbies
[LO2 | :
- RIS N EEATITATR NS Y
| tewhimguies o analsvse the Sonface roperiies
'

| COL | Chareterization tey
crzantion technmgues tamaly 2o the Vhemed Troparies

' ]

LU0 “In e 1u L P .
‘ V] [ AT TR A ST T TS I|'|||||||'|\'-\ oy by e e t 1““““ J.“.le Hes

e [
O v derirati TR -
l Lo I Characterization techmgues o amnalvze the Magneie Properties

Course Detuils:

Spectrosenpic methods- UV-visible and

I levtron spectroscupy’
FENL Neray phatoelection
st ST, AFM

Unit I- Introduction o matevials and  techuigues:
vibrational spectinseopy- Infiared and Raman specinscepy.
Unit 1= Opuical  microscapy. Flecton microscopy, SEAL
spectioscopy, Auger clecton speclivscopy. Seanning 'rabe Nicroscopic
Uit 111- Thermal analysis- TGA, DTALDSULDNA, ThIA, DETA

Uit 1V= NATR. RBS. Pasiton Anndhilation Specirscony. Mossalier Speciroscony

Text and Reference hooks:

I Materials Characterisation: Iy traduction oy Microscapic and Spectroscapie Methods by Y.
Leng, 21, John Wiley & Sons, 2008,

v Alaterials Characterisation Technigies by 5. Zh

3. Instromental Analvsis by DA, Skoow, 20 Toller, S, 1. Crouch, 6l
2007,

4. Surface Analysis:
Wiley & Sons, Ine.

5 Thermal Methods ol

5 y

ang, Lin Li, A Kumar, CRC Press, 2008,
Thomson Brooks,

The Principal Technigues by 1.C. Vickerman, 1. Gilmore, 2E. John

20004,
Analysis by WO WL Wendlandt, Juhn Wiley, 1974




SEMESTER-I i
Course Coge: Boj Uooo4BT (Elp

- . edits 4
s : ctive -1| Full Marks: 100, Credi
gcmrSL Namg: Physics of Nang f\l:ncrinh}
ourse on 5 {(COy: the
CO| th_—"!lg“il_( g"_'-il_ﬂ‘i"_‘\d of the course. the student will be able to:
Gamn knowledge ¢ Nanomaterials

S
in | 2bout the Nanomaterials. their properties, behavior, iteraction and
:»(:Oﬂ | use of iu@_gﬂ_m@idifiiptinc ol science.
L = | The emphasis of the COUTSe is to understar

o evplore the Wide applicatign,

understand the physics ol Nanomaterials in detail and ‘

_—

Course Details:

Unit 1- Physics of (e Solid §4
ldca ol band strueture
Surfaces, Interfaces

ae: Crystal structures, Band and free clectron theory of :«'f"rluls.
+ Density of state in bands, Diffusive transport, scatlering mechanisms,
and Layered Systems.

Unit IT - Quantum Nature of N:‘m:m'm'I:I: Introduction of Nanomaterials, Characteristic or
Critical lengths in MESOSCOPIE systems ¢, mean (ree path. scatiering length, coherence length
etey Idea of quantum well, Qun'mum wire & and Quantum dots: One and Two dimensional
election systems: general properties, Quantum conlinements. Variation of density of states and
band gap with dimunsiunality. Optical propertics of semiconductor and metal nanomaterials,
Surface Plasmon Resonance in Mctal Nanoparticles. Carbon Nanostruetures (Fullerenes, Carbon
Nanotubes and Graphene) and theiy Renewable Energy Applications.

Unit T - Nano fabrication: Synthesis of nanomaterial (0, 1& 2 iens anal) WA apigwiyand
Bowom-up Approaches: Bull Milling. Lithagraphy. etching. epitaxial growth, physical and

chemical vapour deposition (PVD & CVD) methods. Microwave, Hydrothermal and Solvo-
thermal synthesis methods, Chemical svnthesis of nanomaterial ete.

Unit 1V - Characterization of Nano materials: Structure (X-Ray and electron DifTraction!:
Determination of Particle size, Crystallography, atomic and surface struciures. Microscopy
(Scanning and Transmission clectron microseopy, atomic foree nmicroscopy, Scanning tunnelling
microscopy);  Spectroscopy (- X-ray  Photoelectron Spectroscopy, Infrared  and  Raman
Spectroscopy).

Text and Reference Books:

| Introduction of Nanotechnology by Charles P Paole Jv and FJ Owens Wiley India. 2020

2. Nanatechnoology forMicrocleetronics and optoclectronics by JM.M Duart, R.JM.Palma
and F.AC Rueda. Elsevier, 2002,

3. Solid State Physics by Charles Kittel, $E. John Wiley & Sons Inc. 2012,

4. Physics of low dimensional semiconductors by John H. Davics, Cambridge University
Press, 1997,

5

Nano particles and nanostructured films: Pre

paration, Cly
Ed. ). H. Fendler, John Wiley, 2008, N

aracterisation and Application,

4 }M’ S
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Course Cade: BOIUNGOSP
Course Name: Laboratory-111

SEMESTER-111

Full Marks: 100, Credit: 4

Course outenmes {COY: Ap the cid ot the Lab course, the student will be able w

co

Student understand the measurement procedure to evaluate resistivity of semiconductor bandgap.

Hall coefficient of given semiconductor, thermal and electrical conductivity of copper. Lorentz

| Co2 | Get kinowledze to plot B-H curve of a ferromagnetic matenial.

—_—

o3

(N V-

- Students have an experimental knowledee of density measurements. hardness testing and
‘ | optical absorption measurement.

number, polanzability of non polar hquid. dipole moment of polar liquid, diclecine constant o
| sohdtWayy,

Name of Experiments:-

Measurement of resistivity of semiconductor by four probe method and
determination of band gap.

Measurement of Hall cactficient of given semiconductor to cstimate charze carmier.

Measurement of thermal and electrical conductivity of copper and determimationof
Lorentz number,

B-H cunve of a ferromagnetic material,
Measurement of polarizability of nonpolar iquid and dipole moment of polar
liguid.

Diclectric constant of <olid{ Wax) by Lecher wire,



SEMESTER-ITI

= T o Il: ""'
Course Code:  BOVUGGOAT Full Marks: 100, Credi
Course Name: Summgr Tmernship/Review based on hiferature suUrvey

Course onteomes (COB AL the cad of the Tl cousse, the student will be able b

[ D! [ {1‘:!11 LS 1Ll|L-'|l anxlu..l-r;_ of specific domam

CO2 | Gavesposuve/field experience in e coneerngd area |
I . B ———
[ O Yitearals theory and praciice
{ | ]]1_1.:_|11p'h\|h1[*2 and attitade for jolr suecess |
— _——— 1]
||_ ‘Ji1 Identity. write e down and carry our performance ohje ctives relared |
| their oh assignments J




SEMESTER-IV

Course Code: BOIUIOOLT
Course Name: Statistical Physics
Course outcomes (CON: At the end of the course. the student will beable or 1
COl | Explam statisueal 1\1-11."3;:1;-_\ and |'|1L-|m+_-dv_-.-n-.||nT-:~4 ;1ugml_u_unccqucucu:‘ of the postulates of '|
= __fgi:_u_l;alu.'u'l nlc?l.‘-:ln.ic:‘. Apply the principles of stanstical ﬂﬂﬂ'ﬁt‘ihqq'{lf.d—l;m—m?mh
coO Grasp the basis of ensemble approach in statistical mechanics to a rane ol situation.

== — — —_— ————_T__
l Cod I|. To leam the fundamental differences hetween classical and quantum stansncs,

Full Marks: 100, Credit: 4

\:TH f To understand the concept of Weiss malecular mean feld theory o I' ferromagnetism

Course Details:

Unit 1- Foundation of Statistical Physics: Review of probability concepts: Random talk problem
in one dimension-binomial distribution. Specification of state of system. Macrostates and
microstates, Concept of statistical cquilibrium, Fundamental postulates of equal a priory
probability.

Unit 11- Ensembles: Micro-canonical, Canonical and grand canonical ensembles and their
comparative study. Partition function, Caleulation of statistical quantities in terms of partition
function (conncetion 1o thermodynamics), Entropy of mixing ol gases (using partition function),
Gibbs paradox and its resolution: Derivation of equation of state of classical ideal gas using
partition function

Unit 111- Statistical Mechanices: Tdeal quantum gases. Indistinguishability. Maxwell- Bolizmann,
Bosc-Einstein and Fermi-Dirac statistics and its apphications. Photon statistics, Ideal Bose gas,
Bose-Finstein condensation. ldeal Fermi zas, Correlation function. Planck’s Radiation formula,
Concept of Fermi Energy, Fermi lemperature and Fermi veloeity. Low Speaific heat ol metals.
Unit V= Interactimg systems: Virvial expansion of equation of state. Second Virial cocfficient.
Ising model, Weiss molecular mean ficld theory of ferromagnetism,

Text and Reference Book :

1. Fundamental of statistical and Therma! Physics by F.Reif, 2E, Tata-McGraw Hill, 2010,

2. Siatistical Physics by L.D. Landau and E.M. Lifshitz, course on Theoretical Physics,
Vol. 5. Pergamon Press, 1970,

3. Statistical Mechanics by K.Huang, 2E. John Wiley &Sons, 2008
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4. Spatistical Physics by R.K.Patharia, 4E. Academic Press Ine.2021. % S)M

Q-



SEMESTER-IV
C L3 - -
CnurSL Endc. BO1 U.I D02AT (Elective 1n Full Marks: 100, Credic: 4
ourse dame: Physics of Lasers and Laser applications
Course outcomes |

: comes (CON: At the end of the course, the student will be able to:
| CO1 | The students will ) |

I | with matter and v

cam about introductory: concepts of lasers and interaction of rdiaton

| anous tpes of lasers and laser spectroscopy and thair apphcanons.,

| cox | TR — o - - - =l
i - Provide students w ith a basic understanding of laser operation

| CO3 | Deseribe how g : = :
l Deseribe how pulsed Taser beams can be obtained from a laser cavity.
|

Des

| | cribe optical components that can be used to tailor the properties of the laser
COs | Unde
|

-rstand the laser applications in daily life.
L h

Course Details:

Unit 1- Properties of laser beams, Basic elements of a laser. Papulation inversion. gain and
Threshold. Three level and four level laser. mate equations. CW operation of laser. optical
resonators, cavity modes. mode selection,

Unit I1- Pulsed operation of laser. Q-switching and mode locking, Pulse shortening picoseconds
and femito-second operation.

Unit 1. Difterent laser svsrems. Ruby laser. He-Ne laser, NdIYAG laser. CO2 laser.
Semiconductor diode laser. Dyve lasers. Excimer lasers

Unit 1V- Laser induced fluorescence spectroscopy, Laser applications in metrology. optical
communication. materials processing and holography, LIDAR. Medical applications,

Text and Reference hooks:

1. Lasers: Theory and Applications by K. Thyagarajan and A. K.Ghatak. 2E, Laxmi
Publications Pvt Ltd. 2019,

2. Principles of Lasers by 0. Svelto, Sth Ed.. Springer, 2010

3. Laser Spectroscopy. W. Demtroder (3rd Ed.. Springer, 2003)

1 Lasers by A.E.Sicemann. University Science Books, 1986,

5. Laser Physics by PAV.Milonni and 1. H. Eberly. John Wiley & Sons, Inc. 2010. 1 <
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SEMESTER-IV

Course Code: BOTUTGO2BT (Eleetive 111) Full Marks: 100, Credit: 4

Course Name: Plasma Physics

Course outeomes (CO): At the end of the course, the student will be able to: _
COI define plasma state, give examples of different kinds of plasma and explain the

parameters characterizing them

COZ | analyze the motion of charged particles in electric and magnetic fields

CO3 | explain the concept of quasi neutrality and describe plasma interaction with surfaces

CO4 | formulate kinetic and fluid descriptions of plasma. and understand the applicability of
the appropriate approximations (idcal MHD, single 1luid description, many fluid
model).

COS | discuss plasma resistivity and diffusion in plasma based on the charged particle
motion

Course Details:

Unit I- Plasma as a state of matter, Debye shielding, Motion of charged particles in uniform
electric and magnetic field.

Unit 11- Time varying and space dependent clectric and magnetic ficlds, Diffusion of clectrons
and ions in weakly ionised plasma without and with magnetic field

Unit HI- Plasma continement, Magnetic mirror, First, second and third adiabatic invariants.
Unit IV- Plasma oscillations. Magneto hydro dynamics, pinch effect. Hydr enctic waves
and magnelo sonic waves " ARG Wabies

Text and Reference Book:

I. Fundamentals of Plasma Physics by L. A.Bittencourt, 2E, Co-Edition FAPESP. 1995,
Classical Electrodynamics by 1.D. Jackson, 3E, John Wiley, 1998,
Introduction to plasma physics by R.J. Goldston and P_IH.Rutherford. CRC Press, 1995.
[ntroduction to plasma theory by D.R.Nicholson, John Wifey & Sans. 1983.
[ntroduction to Electrodynamics by David J. Griffiths, 4E. Prentice-1 1all of India, New

Delhi, 2013. ;o J{\D
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